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Application of Nutrient Cycling for Nutrient-Efficient
Management of Soil Fertility in Pastoral Agriculture
M. Rodriguez', A. G. Sinclair 2 , and M. Oyanarte 1 . (1) SIMA, Dpto. Agricultura,
Gobierno Vasco, B° Arteaga n" 26, 48016 Derio, Spain. (2) AgResearch Ltd., Private
Bag 50034, Mosgiel, New Zealand.
Introduction. In pastoral agriculture soil nutrient pools form part of a dynamic nutrient cycling
system, with large amounts of the major nutrients transferring anually through the soil/plant/animal
cycle. Losses from and gains to this cycle occur in the normal course of pastoral farming. In dairy
farming these losses and gains are substantial in relation to the size of the soil available nutrient
pools. Nutrient-efficient management of soil fertility in dairy farming must therefore take into
account the nutrient transfers which occur in the total soil/plant/animal system. This paper describes
our attempts to use nutrient cycling data in deriving fertilizer programmes for the maintenance of
dairy pastures in the Basque Country, Northen Spain; and it identifies those areas where current
information is inadequate and further research is required.
Method. Our approach was to contruct a simple nutrient cycle and attempt to quantify nutrient
transfers.
(a) The nutrient cycle. Fig. 1 shows the nutrient cycle used. Nutrients are taken up from the soil
by the pasture (A) and a small portion returns directly to the soil in unused herbage when it decays
in the field (B). The remainder is eaten by stock either while grazing or indoors. Nutrients ingested
by stock (D) also include those in supplements brought into the farm (C). Significant amounts of
nutrient are removed from the farm in milk and other animal products (E). The remainder of the
nutrient ingested is excreted (F). Some of
the nutrient excreted while grazing (G) or
E Removed in
while housed (H) is effectively lost
through being deposited in stock-camps,
under shelter-trees, and in other nonproductive areas (I) or through inefficient
recycling of excreta from housed animals
(J). The remainder (K + L) is returned to
the productive area of pasture and enters
the available soil pool to be used once
more for pasture growth. In the soil,
nutrient may be lost (M) from the
available pool through chemical changes
which make it unavailable to plants and
through leaching and erosion. However, Fig. 1 Nutrient cycle in a grazed pasture for a
available nutrient may also be gained (N)
Basque Country dairy farm,
by release from forms which are not
directly available, e.g. by weathering of apatite grains in young soils (phosphorus) or release from
illite clays (potassium). To maintain the system in equilibrium, an input of fertilizer nutrient (Q)
is required such that: Q = E+I+J+M-C-N. A scheme for quantifying the nutrient cycles needs to
be assembled with specific information which has to come from the farms under consideration to
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give sound fertilizer recommendations.
(b) Quantification. Nine farms were used to quantify the main components of the cycle for
phosphorus (P) and potassium (K). Nutrient uptake (A) was estimated from annual DM production
and annual average herbage nutrient concentrations. C and E were calculated from types and
quantities of supplements used and milk produced. In calculating F we estimated that 90% of the
pasture grown was eaten by stock. Losses in recycling excreta from housed animals were estimated
in consultation with farms and their professional farm advisers. Estimates ranged from 10 to 60%
nutrient loss. Transfer losses while grazing were taken to be 20% of nutrients excreted. Virgin
soils in the Basque Country have been shown to be extremely deficient in P so we assumed a nil
value for N with P. Based on Karlovsky's (1983) studies of efficiency of P utilization in grassland
systems in Europe and New Zealand, and measurements of the P adsorption properties of Basque
soils, we concluded that the annual loss of P in the soil (M) would be about 20% of the annual
input.
Leaching loss of K from urine from grazing animals was taken to be 15% based on measurements
under similar rainfall in New Zealand. Losses from evenly spread slurry and fertilizer were not
considered to be significant Nutrient release from non-cycling forms in the soil could not be
estimated from independent information.
Results and Discussion. Estimated mean values for P and K transfers for the 9 study farms are
in Table 1. Noteable features are the high inputs of P and K in supplements, the large P removal
in milk and the very large amounts of P and K excreted. The size of these transfers emphasis their
importance in soil fertility management. However transfer processes within the soil remain the most
difficult to quantify, in particular the nutrient efficiency of recycled excreta, the long-term
immobilization of P and the ability of soils to release non-exchangeable K on a sustained basis. The
mean values for E+I+J+M-C of 13 kg P ha'1 yr"' and 33 kg K ha"1 yr'' are similar to typical fertilizer
useage in high-producing pastures, suggesting that inputs from non-cycling forms (N) were not
large.
In total, the results emphasise that for nutrient-efficient management of soil fertility for permanent
pastures, above-ground nutrient transfers must be quantified and research is essential to improve
quantification of nutrient processes in the soil.
Table 1. Estimated Phosphorus and Potassium transfers
in the nutrient cycle: mean of 9 dairy farms (kg ha"1 yr"1).
Transfer
A
Uptake by pasture
C
Input in supplements
E
Removal in milk
F
Total excreted
I+J
Excreta loss
M
Loss in soil
E + I+J + M-C

P
39
16
10
41
9
10
13

K
232
44
14
239
56
7
33

Literature Cited.
Karlovsky, J. 1983. Phosphorus utilization in Grassland Ecosystems. Proceedings XVI International
Grassland Congress. Lexington, USA. pp. 279-282.
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K-Cycling under Maize Cultivation in Togo
R. Poss*, J.C. Fardeau and H. Saragoni. ORSTOM UR2B, 213 rue La Fayette, 75480 Paris
cedex, France. DPVE, CEA, BPl, 13108 Saint Paul les Durance, France. CIRAD, BP 5035, 34032
Montpellier cedex, France.
Introduction. On the Ferralsols of southern Togo, the traditional farming system consists of two
crops of maize per year following an extended bush-fallow period. No 1fertilizer is applied1 and
crop residues are removed. Yield typically decreases from about 2 t ha" to about 0.8 t ha' over
a 5 year period. This decline is known to result from a progressive deficiency in K previously
attributed to leaching (mean rainfall 1000 mm). The fate of K in such agrosystems was analysed
from a long term field experiment (10 years), with and without K application. The K-cycle was
studied over two successive years, taking into account leaching, removals in grain and crop
residues and fixation and release by the soil. The data were then used to simulate the K-cycle
over 10 years to account for the change of potassium status in the soil.
Materials and Methods. Two plots from a NPK factorial experiment were studied in 1985 and
1986. One plot (K0) had received no potassium, the other (K2) had been fertilized with an
average 85 kgK ha"1 y'1 since 1976. Both plots had been cropped in maize twice a year. Crop
residues were removed during the first five years and were retained later. Dry matter yields and
K content in grain and crop residues were studied in one year. A relationship was established
between grain yield and crop residue yield to estimate the K removals during the 1976-1986
period. K leaching below the root zone (1.5 m) was calculated from K content in the soil
solution and drainage flux (4). K content was measured in 1985 and 1986 by sampling fortnightly
the soil solution with 8 ceramic cups in each plot. Drainage flux was evaluated during the same
period from daily measurements of suction profiles and Darcy's law. A water balance model
with daily rainfall input provided estimates of leaching for the period 1976-1986. In 1987 total
and exchangeable K were measured in 11 soil layers to a depth of 1.6 m. Exchangeable K was
extracted by ammonium acetate and total K by fluoro-perchloric acid digestion. K in the extracts
was determined by flame spectrophotometry. Release of non-exchangeable
K and fixation of
exchangeable K were investigated using isoionic exchange with 42K ions and compartmental
analysis. The samples were studied before and after wetting and drying with and without K
addition (3). The nature and amount of the clay minerals were determined on the <2jim
fraction using X-ray diffraction, transmission electron microscopy and chemical analysis.

y

magnitude as K applied bv rainfall (Table 1).
Table 1: Average ^balance during the 1985- Crop outputs. K content in grain was 0.40%d.m. for
1986 period (kgK ha y )
K0 and 0.44%d.m. for K2. K removed with the
grain
1
T
was 7 kgK ha"1 y"1 for K0 and 20
kgK
ha"
y"
for
1
Treatment
K2
K0
K2,
even
with
a
yield
of
4.6
t
ha"
.
K
concentration
1
Yield (t ha- )
1.7
4.6
in straw was 0.48%d.m. for K0 and 1.32%d.m.1 for1
K2. The quantity of K1 in1 straw was 11 kgK ha" y"
4
K input
Rain
4
Fertilizer
138
for K0 and 68 kgK ha" y" for K2. The balance over
0
the 1976-1986 1period was -372 kgK ha"1 for K0 and
K output
Grain
7
20
+ 255 kgK ha' for K2. Therefore the difference of
(Straw)
(68)
(11)
total K between the two treatments was 627 kgK ha"
Leaching
7
5
Balance (straw retained)

-8

+ 115

7

Soil data. At the beginning of
1987, the difference between KO
and K2 for total K in the 0-1
Ekiel
160 cm layer was 574 kgK ha"
|
4
I
1 minute and 1 day
(2).
This value is consistent with
K
1
day
and
3
months
-^fcriiH
3 months and 1 yeai
" 1 16
the input-output balance. The
more than 1 year
1<
difference for the NH4-Ac
exchangeable K was only
450 kgK ha"1. This discrepancy
K
shows
either
release
of
33
2 J
exchangeable K from a non402
exchangeable form in the KO
treatment or fixation of some of
Figure 1.1 Pools of K ions deduced from isotopic exchange kinetics ^ e exchangeable K applied as
(mgK kg- )
fertilizer.
Five
pools of K were identified
with 42K (Fig. 1). By wetting and drying the samples, the instantaneously exchangeable
potassium, Ekiei (about 10% higher than 1M NH4-Ac exchangeable K), increased by
36 mgK kg"1 for K0 and 2 mgK kg"1 for K2. After K was added to the samples, all the additional
K remained in Ekiei for K0 but only 77% remained in Ekiel for K2. Both K release from
depleted soil and K fixation on fertilized soil were then significant in this Ferralsol. The time of
exchange between the five pools was deduced from analysis of isotopic exchange kinetics (1).
The difference between
KO and K2 in the very slowly exchangeable pool (> 1 year) accounted
for 78% (39 mgK kg"1) of the total difference between the two treatments. This result suggests
that most K added to the soil in K2 was fixed in a form not available to the crops within a
cropping season.
The most abundant mineral was kaolinite (about 80%), while interstratified clays represented
around 2% of the <2 /im fraction. This low quantity of interstratified minerals would be enough
to explain fixation and release of exchangeable K.
K treatment

Inslanlaneously
exchangeable K

Slowly ex changeable K ;

1

Time of exchange
included between :

3fl

Conclusion. The losses of K by leaching below the root zone were almost compensated by
rainfall inputs. The main output of K under traditional management was the removal of crop
residues. The soil fixes and releases K probably on the small quantity of interstratified clay
minerals. Fixation decreases the availability of K fertilizer by about 15%. Release can explain
why crop yields are poorly correlated to exchangeable K in depleted soil. The occurrence of
interstratified clay minerals in tropical soils suggests that K fixation and release could be
widespread.
In the Ferralsols of Togo, K fertilization should compensate removals, with an additional 15%
to balance fixation. The quantity of K required to ensure sustainability depends on the fate of
residues. The present system of residue removal without fertilization is leading to a drastic
reduction of soil K.
Literature cited.
(1) Fardeau J.C., Poss R. and Saragoni H. 1992. Effect of potassium fertilization on K-cycling in
different agrosvstems. Communication 23th Colloquium International Potash Institute
(Prague, October 1992), pp. 59-78.
(2) Poss R. 1991. Transferts de I eau et des elements minéraux dans les terres de Barre du Togo.
Consequences agronomiques. Th. Univ. Paris 6, ORSTOM (Paris), coll. TDM n°77, 335 p.
(3) Poss R., Fardeau J.C., Saragoni H. and Quantin P. 1991. Potassium release and fixation in
Ferralsols (Oxisols) from Southern Togo. Journal of Soil Science, 42: 649-660.
(4) Saragoni H., Poss R. and Oliver R. 1990. Dvnamique et lixiviation des elements minéraux
dans les terres de Barre du sud-Togo. Agronomie Tropicale, 45: 259-273.
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Nutrient Cycling Considerations for Sustainable
Agriculture in Japan
T. Hakamata and N. Matsumoto. Department of Environmental Management,
National Institute of Agro-Environmental Sciences, Tsukuba 305 Japan.
Introduction. Victor Hugo (1862) said, "Each belch of our cloaca costs us a thousand francs, and
the result is that the land is impoverished and the water made foul". It can be said from the nutrient
cycling point of view that the same situation has been continued even until today, although the
facilities of sewerage systems have been improved to gain clearer water from polluted water in even
the most developed urban areas. Imbalance in nutrient cycling is common almost all over the world
and seems to cause the most water pollution and famine. Sustainability of ecosystems is of critical
importance especially in food and feed systems. What is the way then to realize a sustainable system?
Methods. Japan, FAO and other UN-organizations have numerous and reliable official statistics,
some of which are valuable for our purposes. The amount of each food and feed can be referred to
the Food Balance Sheets, Statistical Yearbook of Ministry of Agriculture, Forestry and Fisheries,
Japan, etc.. Nutrient concentrations can be referred to Standard Tables of Food Composition in
Japan, Standard Tables of Feed Composition in Japan, etc..
Results and Discussion. There is an imbalance in the nutrients budget in the human society of
the world: that is, the input into society from our environment is about 70 million tons larger than the
output. This amount is derived from industrial nitrogen fixation and is finally returned to the
environment. There are differences in nutrient cycling between countries (Miwa,1990), e.g. the
U.S.A. exports large amounts of nutrients to many other countries, the developing countries remove
small amounts of nutrients from agricultural land and return smaller amounts, and Japan imports
numerous amounts of nutrients.
The land of Japan has been enormously loaded with nutrients because of the import of large
amounts of food and feed on a large scale (Hakamata,1990;Fig. 1). This causes the problems of
water and livestock pollution. The situation is similar on a local scale. In the Ushiku Lake basin,
'°0/Is%r^T-^*o°*

e x p o r t and others

--^v^it^é^ilr^N fey)

Fig. 1 Nitrogen cycling through
the food and feed system in
Japan in 1987 (Thousand tons;
Hakamata, 1990).L.i.: Livestock
industry. D.h.: Dietary habits.
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Fig. 2 Outline of organic
material flow in the Ushiku
Lake basin in 1985 (dry matter
thousand tons/year; Hakamata,
1991 after Matsumoto etal. ,
1990). L.f: Livestock farming.
which has a total area of about 160 km2, about one-third of which is cultivated, a total of a little over
50 thousand tons of organic materials including nutrients are discharged every year to agricultural
land or the environment (Matsumoto et al., 1992a, 1992b). The sources of these materials are our
dietary habits, livestock farming and by-products of agriculture (Fig. 2).
Justus von Liebig (1876) said, "The fundamental principle of ... Japanese agriculture is to
replenish all nutrients removed from the soil by the hervesting of crops". From the 12th century,
when our ancestors began to apply human excreta to agricultural lands in Japan, human excreta had
been completely returned to increase soil productivity until the early stage of 20th century. Most
waste produced from our lives had been returned even in the 1950s. Nutrient cycling through food
and feed systems was also limited in environmental loading in 1960 (Miwa & Iwamoto, 1988). In
the 1960s the economy of Japan went into a period of high growth and introduced technological
innovation even in agricultural fields.
We have to realize a new balanced system of nutrient cycling by learning from the old
agricultural systems of Japan. The necessary conditions are as follows: 1) the self-sufficient ratio of
food and feed should be increased; 2) construction (reconstruction in the developed countries) of
toxicant-free sewerage systems should be realized; 3) new organic fertilizers and fertilizing
technologies should be developed following the new sewerage systems.
Literature Cited.
Hakamata,H. (1990) The effects of animal waste on water pollution and agricultural environment.
Intern. Symp. Environ. Pollut. Agric, pp.59-70. Seoul Natl Univ.
Hakamata.H. (1991) Nutrient cycling point of view for sustainable Agriculture. Farming Japan,
25(6), 23-31.
Hugo.V (1862) Les misérables. (Translated by N. Denny. Penguin Classics, pp.1062, Penguin
Books, London)
Liebig, J.von (1876) Die chemie in ihrer Anwendung auf Agricultur und Physiologic pp.62, Druck
und Verlag von Friedlich Vieweg und Sohn. Braunschweig. (Translated by T. Hakamata)
Matsumoto,N., K.Sato, T.Hakamata and E.Miwa (1992a) Evaluation of organic material flow in
rural area (Part 1). Changes in organic material flow in the Ushiku Lake basin, Japan. Jpn. J.
Soil Sci. Plant Nutr.,63,415-421. (in Japanese with English summary)
Matsumoto,N., T.Hakamata, K.Sato and E.Miwa (1992b) Evaluation of organic material flow in
rural area (Part 2). Local diversity of organic material flow in Ushiku Lake basin, Ibaraki,
Japan. Jpn. J. Soil Sci. Plant Nutr.,63,639-645. (in Japanese with English summary)
Miwa.E. & A.Iwamoto (1988) Nutrient dynamics through food and feed supply systems in Japan, in
Jap. Soc. Soil Sci. Plant Nutr. ed., Healthy soils and matter cycling, pp.117-140.
Hakuyusha, Tokyo, (in Japanese)
Miwa.E. (1990) Global nutrient flow and degradation of soils and environment. Trans. 14th Intern.
Cong. Soil Sci. Vol.V:V271-V276.
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The Soil Nutrient Balance as an Indicator of
Sustainable Land Management
E.M.A. Smaling. Winand Staring Centro for Integrated Land, Soil and
Water Research (SC-DLO), P.O. Box 125, 6700 AA Wageningen, The
Netherlands
Introduction. Whereas a feed-importing dairy country like The Netherlands faces increasing
problems of soil and groundwater pollution due to overapplication of cheap mineral fertilizers
and surpluses of animal manure, the opposite is true for most of sub-Saharan Africa, where
soil nutrient depletion is developing into a major production constraint. Because of mounting
demographic pressure and the widespread conversion of shifting cultivation systems to (semipermanent agriculture, soils get less time to recuperate after a period of cropping, and are
more prone to degradation processes. In other words, the sustainability of sub-Saharan African
agriculture is at stake. Maintenance of chemical soil fertility is a prominent indicator of
sustainable land management. In this article, the soil nutrient balance is quantified at two
scale levels, and scenarios are decribed aimed at the alleviation of a strained balance.
Calculating the nutrient balance. Studies were conducted on the nitrogen (N), phosphorus
(P), and potassium (K) balance in the arable soils of sub-Saharan Africa (1,2). The balance
within a land use system is the difference between the sum of five inputs and the sum of five
outputs (E IN - E OUT), as listed in Table 1. It was shown that for 1982-1984, average values
for the nutrient balance were negative, i.e. -22 kg N, -2.5 kg P and -15 kg K ha"1 yr"\
indicating net nutrient depletion. At this scale, the use of simplifications and aggregations was
inevitable. Regions in which inventories of soils, climate, and land use have been carried out
provide more 'hard data' for the calculation of the nutrient balance. Recently, such a study
was completed for the sub-humid Kisii District, Kenya (1). Calculations revealed that nutrient
depletion amounted to 112 kg N, 3 kg P, and 70 kg K ha 1 yr 1 . Removal of nutrients in
harvested product (OUT 1) had the strongest impact, followed by water erosion {OUT 5) and,
for N, leaching (OUT 3) (Table 1).
Future options: laissez-faire or intervention? On continued nutrient mining, with no
improvements aimed at sustainable land use, the nutrient reservoir of the soil is exploited to
offset the negative values of the nutrient balance. A soil with 2000 kg N ha"1 and an annual
mineralization rate of 2%, for example, releases 40 kg soil-N ha"1 to equilibrate the N balance.
In 20 years time, however, this soil will remain with only 0.9820 * 2000 = 1335 kg N ha'1,
only releasing 27 kg soil-N ha"1 annually. Hence, it becomes increasingly difficult for the soil
to equilibrate the nutrient balance. Interventions aimed at redressing of a strained nutrient
balance imply the development of integrated nutrient management systems, i.e. the judicious
manipulation of the nutrient input and output processes. Agro-forestry, for example, may
increase IN 4, reduce OUT 3 and OUT 5, and recycle nutrients from layers not accessible for
the roots of annual crops. Soil conservation reduces OUT J, but may at the same time also
increase IN 4 and reduce OUT 2.
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Impact of interventions. The impact of certain interventions is laid down in the following
example for the Kisii District, where scenarios for sustainable land management were
developed. The starting point is the nutrient balance of Table 1.
Scenario 1 encompasses agro-forestry in 50% of the district, occupied by annual crops
and pastures. The changes in the nutrient balance for this area are assessed at IN 4: +100%
(leguminous tree species), OUT 2: -50% (tree mulch replacing residues as fuel/fodder), OUT
3: -75% (interception of leached nutrients and pumping up of nutrients from lower soil
layers), and OUT 5: -50% (lower soil credibility and slope length, better crop cover). The
district nutrient balance is improved to -83 kg N, 0 kg P, and -54 kg K ha"1 yr"1.
Scenario 2 includes, on top of the previous scenario, a successful soil conservation
programme, and increased adoption of zero-grazing. This implies changes in: IN 2: +50%, in
50% of the district (more efficient use of animal manure), and OUT 5: -75% (erosion control
measures). The nutrient balance is now -58 kg N, +5 kg P, and -30 kg K ha"1 yr'1.
In Scenario 3, an attempt is made to reach a balanced situation in the district with
respect to N and K (Table 2). It is postulated that 25% of the district must remain under tea,
being a major foreign exchange earner. Because tea is a deep-rooting, soil protecting perennial
crop, it is assumed that leaching (OUT 3) and erosion (OUT 5) are only 25% of the mean
value for the district as given in Table 1, and denitrification (OUT 4) is reduced by 50% as
rain water reaches the surface gently, reducing incidence of ponding. The other 75% of the
district is converted to a 1:1 rotation of maize and green manure cover crops, and has
Scenario 2 as a starting point. At 50% maize stover removal, the N and K balances for maize
equal -49 kg N and -6 kg K ha'1. To equilibrate the system, the green manure should fix 85
kg N ha"1, which is possible for well-established green manures such as Mucuna or Pueraria.
The area under maize in Scenario 3 is a mere 50% of the original hectarage in the
previous scenarios. However, it may still appeal to farmers, as fertilizer trials on the Kisii soil
revealed that unfertilized maize yields were 2.1 t ha"1, whereas up to 4.9 t ha'1 was recorded
on applying 22 kg P ha"1 (1). In other words, yields can be doubled by applying modest
amounts of P fertilizer. Phosphorus is limiting production, and by applying it in fertilizer,
more efficient use is made of the N and K reserves in the soil.
Conclusions. Nutrient depletion is rampant in many parts of sub-Saharan Africa. Agronomic
and policy interventions for sustainable land management are badly needed, and should be
judged on their technical fitness and socio-economic relevance. A key research and
development issue for the near future is to determine and compare the impact of interventions,
e.g. unravelling component interactions in case of agro-forestry and nutrient pathways in zerograzing systems. A nutrient balance monitoring system at regional level should be
institutionalized to encourage farmers in adopting integrated nutrient management systems.
A lot is also to be gained from increased efficiency of fertilizer use, in order to address both
maintenance of productivity as well as sustainable land management.
Literature cited.
(1) Smaling, E.M.A. 1993. An agro-ecological framework for integrated nutrient management,
with special reference to Kenya. PhD. thesis, Wageningen Agricultural University, The
Netherlands.
(2) Stoorvogel, J.J. and Smaling, E.M.A. 1990. Assessment of soil nutrient depletion in subSaharan Africa, 1983-2000. Report 28, Winand Staring Centre for Integrated Land, Soil and
Water Research (SC-DLO), The Netherlands.
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Table 1. Nitrogen, phosphorus and potassium inputs (IN) and outputs (OUT) in
the Kisii District (in kg/ha,yr).
IN-l IN-2 IN-3 IN-4 IN-S OUT-1
N
P
K

17
12
2

24
5
25

6
1
4

8
nr
nr

0
0
0

55
10
43

OUT-2

OUT-3

OUT^»

6
1
13

41
0
9

28
nr
nr

OUT-5
37
10
36

TOTAL
-112
-3
-70

OUT-1 removal of harvested crop parts
OUT-2 removal of crop residues
OUT-3 leaching
OUT-4 denitrification
OUT-5 water erosion

IN-l mineral fertilizers
IN-2 organic manure
IN-3 atmospheric deposition
IN-4 biological N fixation
1N-5 sedimentation
nr = not relevant

Table 2. Example of an intervention needed to entirely redress the soil nutrient
balance in the Kisii District (Scenario 3).
IN-l

IN-2

IN-3

IN-4

IN-S

OUT-1

0
0

70
35

OUT-2

OUT-3

OUT-4

OUT-S

TOTAL

10
2

14
nr

9
9

-46
-37

A: Tea in 25% of the district
N
K

43
S

0
0

6
4

8
nr

0
0

B: Maize/green manure rotation in 75% of the district
I. Maize
N
0
K
0

36
37

6
4

16
nr

0
0

41
12

19
24

10
2

28
nr

9
9

•49
-6

n . Green manure
N
0
36
6
K
0
37
4

85
nr

0
0

0
0

0
0

10
2

28
nr

9
9

+80
+30

Balanced status: 0.25 • BAL,. + 0.7S • (0J • BAL.-.^ ^ + OS • BAL,
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Short-distance Spatial Variability in Water and Nutrient
Balances: Implications for Nutrient Use Efficiency, Yield
Stability and Sustainability in the Sahel
J.Brouwei-l»2*»
S.R.Gaze3»4,
F.K.van
Evert 1 ,
A.Rotmans 2
and
A.C.Buerkert5. UCRISAT Sahelian Center, BP 12404, Niamey, Niger; 2Dept.
of Soil Science and Geology, Wageningen, The Netherlands; ^Dept. of Soil
Science, U.of Reading, UK; ^Inst. of Hydrology, Wallingford, UK; $Inst. of
Plant Nutrition, U. of Hohenheim, Stuttgart, Germany.
Introduction. Short-distance spatial variability in soils and in crop growth is widespread in the
semi-arid parts of West Africa. The soils there are often very poor chemically and of low
waterholding capacity. They show small absolute differences in soil fertility, clay content and
infiltration capacity, which constitute large relative differences and which cause considerable
variability in crop growth. In agronomic experiments this variability is generally considered to
be a nuisance, and it is usually either ignored or reduced through the use of fertiliser. However,
blanket applications of fertiliser create experimental conditions very different from comditions
found in farmers' fields, with subsequent problems in transfer of technology from experimental
station to farm.
At the same time, the spatial variability found in farmers' fields appears to have a function in
stabilising yields. On poor soils in the semi-arid tropics, water and nutrients often alternate in
limiting crop growth. Uneven and unequal distribution of water and nutrients over a field
reduces the chances of pearl millet Pennisetum glaucum yield being very poor over an entire
field (1). A study was therefore initiated into interactions between natural short-distance soil
variability and crop growth. How such variability can influence experimental design and
interpretation is discussed in (2). In this paper we discuss the nature of the soil variability itself,
and its effects on water availability, crop growth and development, nutrient use efficiency, yield
stability and sustainability of production.
Materials and methods. In a farmer's field near ICRISAT Sahelian Center in Niger, a
100x100 m area was divided into 400 5x5 m plots in May 1992. The farmer involved
continued to manage the area as he would have normally. The field is situated on deep (>2,5
m), aeolian sand deposits (>90% sand), and has a gently undulating topography (height
differences of up to 0.4, mostly less than 0.2 m over 10 m distance). A map was made showing
the adjacent well and the footpaths, trees, shrubs and termite mounds. Soil samples to a depth
of 0.9 m were collected from one auger hole in each plot in July 1992. Samples from groups of
four adjacent plots were combined and analysed to give soil data on a 10x10 m plot basis. Soil
surface condition, manure deposition, natural vegetation and pearl millet growth data were
collected on a 5x5 m basis. Neutron probe access tubes were installed in 21 of the 5x5 m plots
in July 1992 and monitored regularly ever since. Soil samples to 1.9. m depth were taken from
the access tube holes. Around a selection of the tubes root samples were taken in September
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1992. In 1993 above and below ground millet development was monitored closely around ten
of the tubes. Infiltration capacities of the crusts were determined using the crust test.
Results and discussion. 1. Infiltration varied from less than 50% to more than 150% of
rainfall. The variability was related to severity of crusting of the soil surface, topographical
position, and time of year. 2. Where there was more infiltration, soils were generally less
fertile, and nutrient losses are likely to be greater (see also (3)). 3. Where the soils were more
fertile, the millet developed leaf area faster and reached a higher LAI. The millet there also
developed more roots, initiated more tillers and produced more panicles. In more fertile areas
speed of millet development (e.g. days to flowering) was greater, too, if not as much as one
might expect from the differences in biomass production. 4. Timing of intra-season droughts
relative to leaf area development and flowering can mean that eventual yields are less in more
fertile areas: spatial variability of soils can thus have a positive effect on yield stability. 5.
Spatial variability of water and nutrient balances must be taken into account when applying
external inputs, so that the highest level of effiency of resource use and of yield stability and
sustainability are achieved.
Literature Cited.
(1) Brouwer, J., L.K.Fussell and L.Herrmann 1993. Soil and crop growth variability in the
West African semi-arid tropics: a possible risk-reducing factor for subsistence farmers.
Agriculture, Ecosystems and Environment 45:229-238.
(2) Brouwer, J., A.C.Buerkert and R.D.Stern in prep. Soil and crop growth variability on-farm
and in agronomic experiments. Paper presented at the First International Conference of the
West and Central African Soil Science Association, 6-10 December 1993, Ouagadougou,
Burkina Faso.
(3) Brouwer, J. and J.M.Powell 1993. Soil aspects of nutrient cycling in a manure application
experiment in Niger. Paper presented at the conference on 'Livestock and Sustainable Nutrient
Cycling in Mixed Farming Systems of Sub-Saharan Africa', Addis Abeba, Ethiopia, 22-26
November 1993.
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VARIATIONS OF NITROGEN COMPOUNDS IN
ONION CROP (Allium cepa L.)
Uribe, H.R.1, Alcontar, G.2, Tirado J.L.2, Aguilar, A.3, and
Sandoval, M.2.1CIFAP, Cd. Delicias, Chihuahua. 2Department of Soil Science,
Colegio de Postgraduados, Montecillo, México. 3Soils Department, Universidad
Autónoma Chapingo, México
Introduction. The onion crop is important in Mexico; every year 32,000 ha are cultivated with
this plant and the yields reach 600,000 t (1). Nitrogen is one of the most important
nutrients having a great impact on onion yields. However, the available information on the
effect of different N-sources applied to the crop on the contents of nitrogen compounds within
the plant is scarce. The objective of this research was to study the variations of nitrateN, reduced-N, total N and soluble proteins in bulbs and tops of onions grown with ammonium
nitrate or urea as N-source.
Materials and Methods. Onion plants (cv 'White grano PRR') were grown under green-house
field soil
(Calcic
conditions in plastic pots containing 5.5 Kg of a typical onion
YermosolJFAO-UNESCO) from Chihuahua, Mex. Plants were fertilized with ammonium nitrate or
urea (150 Kg N ha ). The experiment was arranged in a randomized complete blocks design and
each treatment was repeated four times considering six sampling dates. The content and/or
concentration of N-total by Kjeldahl method (Nt), reduced-N (2), nitrate-N (3) and soluble
The fresh plant material for analysis was kept in liquid
protein (4) were determined.
nitrogen.
Results and Discussion. Results presented are the mean values from both N-treatments because
no difference was observed between ammonium nitrate or urea application. Total-N concentration
was constantly higher (more than 100% at some growing stages) in the shoot than in the bulb
during the whole plant crop cycle (Figure 1A). The dilution effect observed in the shoot that
was more accented because of the fast accumulation of fresh matter and water in it.
Similarly, the soluble protein shows a reduction when the crop reaches maturity, however during
all the crop cycle soluble protein values were similar in both shoot and bulbs (Figure IB),
but when accumulation of soluble protein was analyzed, a constant increment was observed in the
shoot up to the 133
day and the immediately it decreased. An increase of soluble
proteins of 400% during the fast growth stage of bulb (123-161 days) were detected; they result
from the hydrolysis of nitrogen compounds such as proteins in the tops (Figure 1C). During
the whole crop cycle the main soluble-N form was NO,. After the fast growth stage of the bulb
(110 days after sowing) a considerable
decrease in the concentration of nitrates and
reduced-N in shoots was recorded, it is possible that these compounds were transported
from shoot to bulb at this stage (Figure ID). The N-NO? content on the bulb remains low and
constant, in contrast after the 110 day reduced-N concentration increases about 400%
showing the importance of the metabolic sink of the bulb at this growth period and the
transport of soluble-N to the bulb.
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Figure 1. Total nitrogen (Nt) concentration (A), soluble protein concentration and accumulation
(B, and C) and nitrate (NO3-N) and reduced nitrogen (red-N) concentration (D) in onion shoots
and bulbs at different stages of development.
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Mineralizable Soil Nitrogen under Different Thinning
Levels in two Pinus patula Stands.
B . Gutierrez G., A. Velazquez M . , A. Gomez, and J. D . Etchevers.
Forestry
Program
and Department
of Soil Science.
Colegio de
Postgraduados 56230, MonteciUo, Mex.
Mexico.
Introduction . Several studies have demonstrated that nitrogen availability is a limiting factor
in forest productivity (1). In forest ecosystems the 85 % of total nitrogen is located in the soil
(4). Silvicultural practices produce significant changes in soil moisture and temperature, and
influence the quality and amount of organic matter affecting nitrogen availability. In searching
for a reliable index of N availability to predict changes in soil fertility and productivity in
forest ecosystems, many common procedures used for agricultural soil research have been tested
(1). The choice of one particular procedure will depend on methods' sensitivity, study goals,
and particullary on the nitrogen cycling component. The present study conducted in forest
ecosystems had the following objectives: 1) To determine the potential mineralization of soil
nitrogen in Pinus patula stands subjected to different thinning levels, 2) To evaluate the potential
N mineralization at two soil depths.
Methods. The study was carried out in two even-aged Pinus patula stands: Atlamajac (30 years
old) and Xopanac (20 years old) in Puebla (México). The stands were thinned in 1985 at four
basal area levels (test-plot, 15, 25 y 40 %). The experimental design was a completely
randomized with three replicates. In 1992, 10 randomly selected samples were extracted from
the top 0-30 cm of mineral soil and from 30-60 cm depth in each plot. Samples in each depth
were mixed to make composite sample, air-dried and sieved to 2 mm. N mineralization was
determined by incubation for 17 weeks at 35 °C and constant moisture (Stanford and Smith,
1972). Mineralized nitrogen after 7, 14, 21, 35, 63, 91 and 119 days of incubation was
determined. The labile nitrogen fraction was estimated by adjusting a hyperbolic function to the
cumulative nitrogen mineralized during the first three weeks. The stable fraction was estimated
fitting an exponential function to the nitrogen accumulated between weeks 3 (equal cero
nitrogen) and week 17.
Results and Discussion. In general, soil nitrogen mineralized (cumulative) increased as thinning
level increased and decreased with soil depth (Figure 1). The trends were different in Xopanac
and Atlamajac. In the first site the highest mineralization of soil N was related to the 25 %
thinning level, while in Atlamajac the highest mineralization corresponded to the 40 % thinning
level. The average soil N mineralized ranged from 60.4 to 85.5 ppm in the 0-30 cm depth
increment and from 40.1 to 77.8 ppm in the 30-60 cm depth increment. Labile and stabilized
components of the soil N showed a similar trend in both stands, indicating that the potential N
availability decreases with depth. Mean labile N ranged from 46 to 85 ppm N in the 0-30 cm
depth zone and from 21 to 65 ppm in the 30-60 cm depth zone; while mean values of the
stabilized N fraction ranged from 42 to 75 and from 16 to 73 ppm respectively. The results of
this study may be due to the higher soil temperature and organic material quantity associated
with the thinning level. This silvicultural practice should have stimulated microbial activity,
organic matter descoposition, and mineralizable soil nitrogen(3). The pattern of N mineralized
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with depth was affected by the distribution of total N, which decreased with soil depth. The
irregular results in Xopanac stand, specifically in the third treatment (25 %) probably was
originated by the horizontal variation of the study variable; even thought subsamples of each plot
were randomized, the sampling procedure used in this study only allowed to collect subsamples
from 5 to 50 m apart. An efficient sampling design for estimating the mean value would involve
a minimum distance between subsamples, which is estimated by geostatical analysis (1). On the
other hand, probably the treatments applied in Xopanac had different effect on soil temperature
because of the little variation of the initial structure. The elimination of some old growth trees
caused different quantity of sunlight into the canopy (6).

Figure 1. N mineralized (Cumulative) in time; a) and b) Atlamajac plot, 0-30 and 30-60 cm
depth, respectively; c) and d) Xopanac plot, 0-30 and 30-60 cm depth, respectively.
ACKNOWLEDGMENTS This research was funded by the National Science and Technology Council in México (CONACYT)
Grant 0373-A9108 "Influence of silvicultural practices on productivity of Pinus patula stands".
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Actual and potential Nitrogen mineralization of
Phaeozems and Histosols
F. Riick and K. Stahr. Department of Soil Science, 70593 Universiteit
Hohenheim, Germany
Introduction. For economical (costs) and ecological reasons (nitrate leaching) there is a demand for
a nitrogen fertilization which is adapted (in time and amount) to the uptake of plants, the amount of
inorganic N and the mineralization of the organic N-pool. Therefore a better knowledge of the course
of mineralization during a vegetation period is needed. The aim of this study is to determine a
prognosis of the nitrogen mineralization on arable land during a vegetation period.
Materials and Methods. A luvic Phaeozem and a Calci-Folic Histosol the Danube valley near
Ulm in South Germany are investigated. Elevation of both sites is ca. 450 m, av. temperature is 7.4
C
C and precipitation 730 mm*a_1.The C org and Nt.contents in the lupsoil (0-30cm) of the Histosol are
16.1 and 1.35%, in the Phaeozem 1.76 and 0.19%. Crop rotation is cereals and maize or sugar
beet.To investigate the course of 'actual N-mineralization' in situ incubation experiments (2) were
established. Nearly 200 g undisturbed soil were incubated in polyethylene bags (thickness 50 f*m)
over 6 weeks in the mid depth of the sampled layer. Every 3 weeks a new incubation was started.
Nettomineralization is calculated as the amount of NO3-N+NH4-N (beginning of incubation - end of
incubation). In addition, soil water content, soil temperature and air temperature were measured.
'Potential nettomineralization' was investigated in aerobic lab incubation experiments (3) under
different temperature (5/20/35°C), moisture (pF 0.6-1.8/2.5/3.0-3.5) and incubation time (10-168 d).
Soil material was extracted in 0.0125 m CaCl2 in a soil-solution-ratio of 1:10.
Results and Discussion. The course of nettomineralization increases from spring to summer,
caused by increasing temperatures and decreasing saturation. Depending on dry periods in summer,
the nettomineralization is rather low, but increases in autumn, when soil water content arises.
Nevertheless, the influence of moisture and
temperature on the nettomineralization is not
significant, r 2 is only 0,31 in a multiple linear
regression model.
Lab incubation experiments are carried out to
characterize the dynamics of nitrogen mineralization.
Cumulative N-mineralization shows a (weak) saturation curve, which has been fitted to a l. st order
function. Basing on the parameters of iterative curvefitting it is possible to estimate the 'potentially
mineralizable nitrogen' (asymptotic No) and the
degradation rate (k = 1/d), r2 >0,99. N-mineralization
is calculated on No*k = ppm/d (=> kgN/ha). On the
basis of the results of the lab incubation experiments a
multiple regression model shows the dependency of
the degradation rate k of moisture and temperature (1).
Fig. 1 shows 'potential' N-mineralization of the
Histosol dependant on temperature and moisture.
Rather o b v i o u s is an e n o r m o u s increase of the N - Fig. 1: N-mineralization dependant of temperature

mineralization with temperature, related to the minera-
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and moisture of a Histosol (top soil)

Tab. 1: Parameters of the multiple regression model concerning dependency of degradation rate k to
temperature and moisture, wc % = water capacity, range of moisture as incubated, k = a + b*wc +
c*temp + d*wc 2 + e*temp 2 + f*(wc*temp), k = mineralization rate (/<g N03"-N*kg" 1 *d 1 ), a - f =
constants of the function, wc (%) = (moisture-PWP/max.wc-PWP) *100%, temp = temperature in
K, max. wc = wc at pF 0.6; PWP = wc at pF 4.2; incubation experiment according to (3), modified.

Histosol
Phaeozem

a
(const.)
0.628
0.453

b
(wc%)
0.000309
-0.000164

c
(temp)
-0.00455
-0.00314

d
e
f
wc %
r2
(wc*temp)
(wc%) 2
(temp) 2
-1.13E-06 8.21E-06 6.8E-07 25-85 0.970
-7.74E-07 5.40E-06 9.2E-07 20-85 0.975

lization at 35 °C at 5CC only 5-7% and at 20°C 12-25 % have been mineralized.
Optimal conditions are determined at field capacity and 35 °C. The degradation rate in the Histosol is
along the whole range of temperature (5-35°C) twice times higher in the Histosol than in the
Phaeozem (1). With these functions (fig. 1, tab. 1) with measured data of air temperature and soil
moisture the mineralization rate in the field has been estimated and compared with 'actual in situmineralization'. Fig. 2 shows cumulated over a vegetation period estimated and measured in situmineralization. The courses of both are approximately parallel, total mineralization in the Histosol
amounts 260 kg N/ha, total deviation amounts 22 kg N/ha, consequently the in situ mineralization has
been overestimated about 9%. A loose approximation happened in the Phaeozem, deviation amounts
41 kgN/ha, consequently the in situ mineralization was underestimated about 37%. This is a typical
case in this respect, because deviations have been caused through frequent tillage and fertilization
(here 3 times tillage, 3 times fertilization, total 142 kg N*ha" 1 , following the first fertilization an
immobilization of 6.5 kgN*ha"1*w_1 was measured), besides in February Phacelia was incorporated.
The results allow the following conclusions:
- The estimated mineralization from lab incubation experiments and climatic data show a good
approximation to the actual in situ-mineralization.
- The approximation is better under conditions of low tillage and fertilization, characterizes
consequently a 'basic' mine- [kgN Minim
IIIIII^ sugar beet M-LL111111111M111111111111111 ^
ralization.
/ha
- The approximation is loose
250if mineralization is manipulated by frequent tillage, 200fertilization and crop rotation in the vegetation period.
150-

- To develop a prognosis
average and e x t r e m e
courses of temperature and
soil moisture has to
evaluate.

10C-

50- The estimated mineralization cannot redraw manipuM A
lated mineralization caused
b
X immobilization o r pie.2: Cumulated N-mineralization in situ and estimated
priming effect.
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NITROGEN MINERALIZATION AND PHOSPHORUS
AVAILABILITY IN VOLCANIC SOILS AMENDED WITH FISH
FARMING WASTES
M.J. Mazzarino, F. Laos, L. Rosselli and P. Satti. Centro Regional
UniversitarioBariloche, 8400 Bariloche, Argentina.
Introduction. Concern on the potential for lake eutrophication of intensive aquaculture is increasing
in many countries. Wastes sedimentated under fish cages can adversely affect the natural ecosystem
and the aquaculture production by inducing oxygen depletion in water and sediments, algal blooms
and diseases (1). Preliminary studies in USA and Norway indicate good potential for waste
reutilization as agricultural fertilizers (2) (3)
Aquaculture activities have been promoted in the last years in the Andean-Patagonian Region due to
the attractive oligotrophic characteristics of waterbodies for salmonid culture. Environmental impact
models on the estimated potential of fish production by cage farming indicate that the trophic status
of regional reservoirs could be modified from oligotrophic to eutrophic. Values of total P eight times
greater under fish cages than in control areas were measured after 3 yr fish cage installation (4)
Soil fertility limitations for crop production in the Andean-Patagonian region are due mainly to the
volcanic origin of the soils, which show a high capacity to fix P and to stabilize organic matter.
Advantages of fish waste reutilization in agriculture may be seen in terms of both offering a locally
available manure, and reduced eutrophication risks of regional waterbodies. The objective of the
present study was to estimate nitrogen mineralization and phosphorus availability in volcanic soils
amended with sedimentated fish cage wastes under laboratory conditions.
Material and Methods. Sedimentated fish cage wastes were oven dried at 60°C, ground and sieved
to 2 mm. Soil samples were taken from the top 0-15 cm of a Thaptic Hapludand, sieved to 2 mm and
maintained at field-moist conditions (0.52 kg kg"1 soil water content, equivalent to field capacity).
The main properties of soil and wastes are given in Table 1.
Wastes were mixed with soil at a rate of 1 g of dry wastes to 50 g dry soil and incubated aerobically
at 25°C by a non leaching procedure for 45 days. At each sampling date (5, 10, 17, 24, 31, 38 and 45
d), jars were left open for about 1 h, moisture content was adjusted, and four replicates of the soil +
waste mixture and of a non-amended control soil were analyzed.
Mineralized N was extracted with 2M KC1 at a 1:10 ratio; amonium was determined by the
indophenol-blue method and nitrate by the copperized Cd reduction method.
Phosphorus was extracted with 0.5 M NaHCC^ at a 1:20 ratio and determined by the molybdateascorbic acid method (5).
Results.
Nitrogen mineralization: Ammonium was the predominant inorganic N form at to in
both, the control soil and the soil+waste treatments, being 2.4 times greater in the amended soil. In
the latter ammonium was reduced to similar levels as in the control during the first 24 d, while
nitrification increased exponentially after this period (Fig. 1).
Cumulative mineralized N (NH4-N + NO3-N) fitted to similar curves in both treatments, but was
significantly higher in the amended soil (Fig. 2).Nitrogen mineralization rates ( N mineralized at each
date minus N mineralized at to ) in the amended soil showed a partial immobilization during the first
24 d and remineralization thereafter (Fig. 3).
Phosphorus availability: Inorganic P was markedly increased by the waste application
at to. During the first 10 d of incubation it was reduced considerably, but an apparent equilibrium
between sorption and desorption processes was reached afterwards, at values significantly higher than
in the control (Fig. 4).
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Table 1: Properties of soil and fish cage wastes
Tot. C
Tot. N
g. kg-1

C/N

Extr. P
mgkg"1

pH
1:2.5

Soil
69
5.5
12.5
4.5
6.3
Wastes
30
4.9
6.1
205.0
6.0
Discussion In this volcanic soil available P content was low and N mineralization quite high under
laboratory conditions. The application of fish cage wastes increased 40% the inorganic N and 2.5
times the available P contents. The partial immobilization of N during an initial period of 24 d
followed by remineralization would allow to synchronize crop demand by manipulating
minerali/ation/immobilization relations, in order to prevent leaching and denitrification. As a result of
sorption-desorption processes available P values in the amended soil ranged between 6-9 mg kg-1,
which were lower than critical levels recommended for annual crops (10-15 mg kg-1). Wastes were
taken from the lake bottom under fish cages. Use of collectors placed directly under cages would
improve waste quality and reduce application rates.
Literature Cited
(1) Folke, C. and Kautsky . 1987. The role of ecosystem for a sustainable development of
aquacuhure. Ambio. 18: 234-243
(2) Smith J. H. 1985. Fertilizing agricultural land with rainbow trout manure for growing silage ccrn.
Soil Sci. Soc. Am J. 49: 131-134
(3) Myr, K. 1989. Fish-farm waste material for fertilization of barley for silage. Norsk
landbruksforskning 3 : 71-78
(4) Pedrozo.F., Bonetto,A., Temporetti P.and Lopez W. 1993.Explotation of Alicura reservoir (
Argentina) for fish farming water quality. Proc 5th Int Conf Conserv. Manag. of Lakes, Italy 299-302
(5) Page. A., Miller, R.H. and Keeney, D.R. (eds). 1982. Methods of Soil Analysis. Part 2. 2nd Ed.
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Mineralization potential of organic nitrogen and measurement of
its availability in cultivated soils of Myzeqe (Albania)
S-Sul^e1"2, FJacquin1' I.Kristo2' N.Qafoku2 and D-Palma-López1 l)Laboratoire
science du sol, ENSAIA, 2. avenue de la Forêt de Haye, B.P. 172, 54500
Vandoeuvre les Nancy, FRANCE 2) Agricultural University of Tirana, ALBANIA
Introduction : Having as goal the measurement of the quantities of potentially mineralizable
nitrogen in ten of soil types from the Myzeqe region (Albania), we have adopted the incubationextraction technique (1). In parallel to this test, we have made a experiment in vegetation pots with
eight of the above mentioned soils, under the same controlled conditions of temperature and
humidity ; the objective being to determine if there is a correlation between the quantities of
potentially mineralizable nitrogen (No) and those actually exported by an Italian ray-grass hence
bioavailable during a determined period of time.
Materials and methods : The incubation test (T = 28±2 °C and humidity = 40 KPa) concerns the
Ap horizon of the ten cultivated soils, classified in five classes: 1) Calcaric Arenosols, 2) Vertic
Cambisols, 3) Mollic Gleysols, 4) Gleyic Solonchaks and 5) Ferric Acrisols (2). The mineral
nitrogen (percolated every 2 weeks) was determined by distillation (3) and the microbial biomass
(before and after 33 weeks of incubation) by the direct method: fumigation-extraction (4). After 2
weeks incubation and for the vegetation pots essays, we have proceed by eliminating mineral
nitrogen with CaCl2 0,01 M, then afterwards they have been seeded with ray-grass and placed in
an ecotronic chamber. During 9 weeks of culture we have made 3 harvesting upon which exported
nitrogen was determined.
Resultats and discussion : During the first two weeks of incubation it occurred a considerable
extramineralization (from 17 to 44 mg N kg'of soil), corresponding mainly to the mineralization
of the destroyed biomass, partially by drought of the soils and also by the action tied to the
physical effects resulting from remoistening of sol samples. After this period, the mineralization
kinetic follow a first order exponential equation [Nm = No (1 - e"Kt)] which depends strictly upon
microbial metabolism and physico-chemical factors of the soils. Our results (Fig. 1) show a No
values variable from 66 to 146 mg N kg"1 of soil. Mineralizable reserves of these cultivated
horizons (0-30cm) represent an order of magnitude of 200 to 450 kg N ha"1, or 4,5 to 12,1% of the
organic reserves.
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Fig. 1 Potentially mineralizable nitrogen (No) and the constant of mineralization (K)
In order to determine the contribution of the microbial biomass (MB) to the mineralization rate,
we have measured the nitrogen content of this biomass before and after incubation. In our
experiment (Fig.2), it is observed a weak participation (MB - Nitrogen) upon nitrogen
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mineralization (1 to 4%) in relation to other references (5). Significative differences (MB-Carbon
between two measurement periods) correspond to he soils having disturbed their ionic
environment or the soil structure during 12 percolations of mineral N by CaCl2 in 33 weeks.
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Fig. 2 MB-Carbon before and after 33 weeks by soil types
Despite the fact that the incubation method allows the characterization of the mineralizable
nitrogen stock of the soil (No) and its constant of mineralization (K), it demands a very long
period of incubation and numerous leachings. Inspired by this reasoning, we have proceed in a
different way : the existence of a correlation between No and the bioavailable nitrogen in the
presence of a vegetal test (ray-grass) under controlled conditions. We have ascertained that the
total quantities of N exported by ray-grass are lower than those of No (from 55 to 62% of No),
nevertheless this relation is highly significative (Fig. 3)
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Fig. 3 Correlation between N exported and No
The narrow relationships that exist between No and exported N by ray-grass give credit to the validity
of the present study in vegetation pots in order to estimate the mineralizable nitrogen reserves of
the soil. The former method needs less experimental time (19 weeks instead of 33)
Literature cited
(1). Stanford G. and Smith S J., 1972. Nitrogen mineralization potentials of soils. Soil Sci. Soc. Amer. Proa, Vol. 36;
465^72.
(2). FAO-UNESCO, 1974. Carte Mondiale des Sols. Légenderevisee.Rapport sur les ressources en sols du monde.
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nitrogen: a rapid direct extraction method to measure microbial biomass nitrogen in soil. Soil Biol. & Biochem., Vol.
17, N° 6; 837-842.
(5) Juma N.G. and Paul E.A., 1984. Mineralizable soil nitrogen : Amounts and extractability ratios. Soil Sci. Soc.
Amer. J. Vol. 48; 76-80.
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Effect of six rice genotypes on apparent nitrogen
mineralization in a submerged soil
D. K. Kundu, J. K. Ladha and E. Lapitan-De Guzman. Soil &
Water Science Division, International Rice Research Institute, P.O. Box
933, 1099 Manila, Philippines.
Introduction. Organic forms of nitrogen (N) in soils have to undergo mineralization
before they could be utilized by plants. Several factors like moisture, temperature and other
treatments or amendments are known to influence soil N mineralization. Presence of
growing plants may also exert considerable influence which is generally attributed to the
microbial activities supported by the plant root systems and popularly termed "rhizosphere
effect". Since N demand of wetland rice crop can hardly be met by the supply of
mineralized N from soil and many resource-poor farmers of tropical Asia are unable to use
recommended dose of costly N fertilizers, it is important to identify rice genotypes that are
more efficient utilizers of soil N. We examined effect of six rice genotypes at two different
growth stages on apparent mineralization of N in a submerged soil of Philippines.
Materials and methods. One short-term greenhouse experiment was conducted at the
International Rice Research Institute, Philippines during March through May 1993, using
Maahas clay soil collected from plow layer of upland area of the research farm. The soil is a
typic Tropaquept with pH 6.1, organic C 1.22% and total N 0.10%. Six rice genotypes
viz., Delrex, Halsuduwee, Murungakayan 302, Oking seroni, Rathuheenati and Telean
were included in this study.
Air-dried soil was ground to pass through 2 mm sieve and 500 g soil was placed in
each black polythene bag of 6 cm diameter and 18 cm height. Soils in polythene bags were
first saturated with demineralized water, single rice seedling was established in each bag by
dibbling pregerminated seeds, and then submerged to maintain about 2 cm floodwater.
Plants were grown for 4 weeks with parallel maintenance of unplanted control soils. Each
treatment was replicated 4 times. Plants were then uprooted, soils were extracted with 2
(M) KC1 solution and the extracts were analyzed for mineralized nitrogen. Plants were
analyzed for total N uptake and N uptake from soil was estimated by subtracting the seed N
content from the total uptake. Nitrogen uptake by plant plus mineral N remaining in the soil
was taken as measure of total N mineralization in planted soils. Differences in mineralized
N measured between planted and unplanted soils were considered the plant effects on
apparent mineralization of soil N.
Four-week old seedlings of same rice genotypes were transplanted in 500 g soils:
just after submergence in one set and two weeks after submergence in another set.
Transplanting in these two sets were done on same day and the plants were grown for next
one month with maintenance of appropriate unplanted control soils. Nitrogen in the
seedlings at transplanting were determined and deducted from total N in plants at harvest to
estimate plant N uptake from the soils. Plant effect on soil N mineralization was then
worked out in same way as for the first set.
Results. Mineralization rate of N in the soil was low. In the first set (soil submerged on
5 March and extracted on 5 April), only 0.96% of total N in the unplanted soil was
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mineralized. In the second and third sets (soils submerged on 22 March & 5 April
respectively, and extracted on 5 May), mineralization in unplanted soils was only 0.70% of
total N. In all the 3 sets, presence of growing rice plants increased apparent mineralization
of N in the soil. An average 31% increase in mineralized N was measured in presence of
the first month's plant growth. The increase was considerably more under the genotypes
Murungakayan and Oking seroni than under Delrex and Halsuduwee. Stimulating effect of
the plants on apparent N mineralization in soil was much higher during their second
month's growth. Average 61 and 123 percent increases in mineralized N were recorded in
presubmerged and freshly submerged soils respectively. Higher amount of mineralized N
measured in freshly submerged soil could be attributed to plant recovery of NO3-N initially
present in the soil that could have been lost through denitrification, and of the NH4-N
resulted from an early mineralization flush much of which could have been lost by
volatilization and nitrification-denitrification in absence of growing plants. The 61%
increase in mineralized N recorded in the presubmerged soil may be attributed largely to
growing plants' role in stimulating N mineralization rather than retarding loss of mineral N
from soil. Through the second month of their growth, genotypes Halsuduwee and
Rathuheenati were distinctly superior to Telean and Murungakayan in enhancing apparent
N mineralization in soil.
Conclusion. Growing rice plant enhances apparent mineralization of N in submerged
soils: the influence exerted through its second month's growth is generally much bigger
than through the first month. Rice genotypes vary in this trait which offers scopes of
selecting and breeding varieties that are more efficient utilizers of native soil N.

Table. Effect of six rice genotypes on apparent N mineralization in a submerged soil.
Rice
genotype

Soil N mineralized (ftg N/500 g soil)*
In presence of
1st month's
plant growth

In presence of 2nd month's
plant growth**
A
B

Delrex
Halsuduwee
Murungakayan
Okingseroni
Rathuheenati
Telean

5754(19.8)
5902(22.9)
7095(47.8)
6607(37.6)
6312(31.5)
6066 (26.3)

7275(108.1)
8008(129.1)
7156(104.7)
7581(116.9)
9874(182.5)
6981 (99.7)

5742(62.9)
7170(103.4)
4693(33.2)
5711(62.1)
5988(69.9)
4749 (34.7)

Unplanted control

4801

3495

3524

*Figures in parentheses indicate % increase over unplanted control.
** A - Seedlings transplanted in freshly submerged soil,
B - Soil submerged two weeks before the transplanting.
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Variations of Nitrogen Potentials in Soil
N. A. Kanunnikova, and V. P. Kovrigo. AgriadturdInstitute, 426033, Izhevsk, Russia
I n t r o d u c t i o n . The foriulas of the thermodynamic potentials and the buffering indices for the
evaluation of the exchange eguilibriui of NH; nitrogen redox reactions in soil [1-2] and ticrobiological
interactions of the nitrogen compounds have been proposed. To define the doiinant process, «hich is the lost
effective for adjusting the nitrogen regime of soil, is very iiportant. The nitrogen potential pNOj+pH is loner
for chernozem than the one for other soils. The soil exhibited natural differences in desorption potentials of
the exchange NH« depending on the lagnitude of pe-pH of the redox reactions, and also in buffering capacities
and licrobiological activity.
M a t e r i a l s a n d m e t h o d s . The nitrogen indices have been deteriined froi the soil solution
cotposition. lie have considered the soils on the arable land and under the forest. The soddy-podzolic, grey
forest, soddy-calcareous and peaty soils and chernozei have been investigated.
NH") desorption intensity of soil on If*, Ca'+Hg**, K* has been deteriined froi the exchange potentials pNHrpH ,
pNHi, -0.5(Cal1g), pNH^-pk, which have been denoted as pk. The less the lagnitude of the potential is, the lore
intensive the desorption of NH becoies. The intensity of the nitrogen redox reactions has been deteriined froi
the potentials derived froi the expressions for the eguilibriui constants, and they are as follows: (1) NO..0.5Ni pN03+pH+5(pe+pH); (2) N Q J - O . D N J O pNOj+pHMtpe+pH); (3) MOJ-NO pN0/pH*3(pe+pH; (4) Nf^-NO pN0 3 -pK0 £
+2(pe+pH);(5) NOJ-NHJ pNO5-pNH*2pH+BCpe+pH);(&) 0.5N2 -NH, pH-pNH„ +3ipe+pH). The lagnitude of the eguilibriui
constants and nitrogen ion concentrations of the soil solutions have ai lowed us to build up the diagrai of the
variation of pe depending on pH for each separate reaction (l)-(6). In addition to the full nitrogen potentials
we have used the short ones, which do not contain (pe+pH). The proof has been given for the index of the
buffering capacities in the redox reactions of the soil in the fori of dpe/dpH [2, 3 ] . The biological activity
of the soil has been evaluated using the lethods described elsewhere.
R e s u l t s a n d d i s c u s s i o n . The energy of displacement of the exchange NH* is different depending
on the kind of the active ion. The average potentials «ere as follons: (1) pNH^-pH -it-2" (2) pNK,-pK 0*0.5;
(3) pNH^-0.5pCaHg 2*3. It is evident that the potentials (1) having the sialler size present the lore active
process than the one represented by the potentials (2) and (3). The indices of the buffering capacities oiS/dc
for NH*; are higher than the ones for the other ions. The lost high indices are found for peaty soils,in this
case they play the greater role for NHj-H* exchange than for the NH'-Ca',RQ" exchange.
The eguilibriui for various types of nitrogen ( froi NOï up to NH?) is affected by the soil solution
composition, the lagnitude of Ep, pe, pH and reaction eguilibriui constant. The nitrogen content varied
significantly ( Al of the soddy-podzolic soil NO] =8-40 ig/1, NH.; 2-13 ig/1). In the soils the lagnitude of
pe(Eh) varied froi 12 up to -5. Froi the eguilibriui constants (l)-(6) in the diagrai pe vs. pH the reactions
in the soil solutions have been differentiated in the following nay: denitrification reaction for chernozei NO}
N?0 and NOJ-NH^for soddy-podzolic and soddy-calcareous soils; for the peaty soils the reactions are varying
through the «hole diagrai depending on the level of cultivation. The short nitrogen potential pN0 3 +pH has
deteriined the availability of the nitrate, its value for different soils «as as follow: 9-10.5 for chernozei,
9.5-12.2 for soddy-podzolic and soddy-calcareous soils. The buffering capacity has been evaluated froi the
•agnitude dpe/dpH. It is three tiies less for soddy-podsolic soil than that for soddy-calcareous one, in «hich
one can observe the high stability of the redox properties.
It is iiportant to note that the redox reaction of nitrogen in soil can be described by the theriodynaiic
indices. The lagnitude of the theriodynaiic indices of the denitrification reaction proves the possibility of
the independent feasibility of the reactions, but if the kinetics is taken into consideration these reactions
art not useful. To reach the eguilibriui catalysis is necessary, which can be in the fori of non-organic and
biological catalysts represented by microflora. Mien the licrobes are present the reactions occur very quickly,
but the theriodynaiic indices do not change in their presence; the type of the reaction and the eguilibriui
state depend on the conditions of the environment and they can be defined by the proposed indices.
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These criteria are iiportant for nitrogen and they are necessary for further investigation of their application
in coibination Kith the evaluation of the role of the open biological systei ticroflora. Microbiological
activity nas the tost high in the upper horizon of the soil compared to the loner one. In the soddy-calcareous
it Has higher than the one in the soddy-podzolic soil. The ticroorganisi ratio in different soils does not
correspond to the variation of the soil solution theriodynaiic indices. Microbiological characteristics
represents the soil nitrogen in its nay. In this case theriodynaiic indices describe the lodelling of the
processes with the greater aiount of the soil nitrogen and they can be used to predict losses and doses of
nitrogen compounds. The average content of •icroorganisis, bacteria, aiionificating and nitrificating compounds
in the soddy-calcareous soil «as two tiies higher. Biological stability Has sialler in the soils under the
forest coipared to the soils under the arable land.
The given results shon the advisability of the application of the following lethods of investigation of soil
nitrogen: the lethods of definition of the redox conditions for the nitrogen reactions froi the pe-Ph diagrai,
of the nitrogen potential values and the nitrogen compounds biological activity. The use of both characteristic
allows reliable prediction of the predoiinant processes where non-organic nitrogen compounds also take part.
The predoiinant nitrogen reactions give an opportunity to define the techniques of their control and to
evaluate the availability level of nitrogen in the soil systei.

Literature cited:
(1) 6hosal S. 1983. Studies on nitrate and nitrite reduction in soil under lodelled conditions of anaerobiousis
reduction potentiality and systematic leaching. Acta agr. scand. 33(2);177- 193.
(2) V'anunnikova, N.A. Theriodynaiic Indices of Cheiical Equilibriui in Soil. Soviet Soil Sci. 19: 63-75.
(3) Kanunnikova, N.A. 1987. Nitrogen Potentials. Soil. Soviet Soil Sci. 19(3): 30-40.
(4) Van Cluiput 0., Baert L. 1980. Calculation of the cheiical stability of nitrite in soils. Agrochei. Soils.
Oxford, p. 21-32.
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Nitrogen Transformations in Mine Soils Amended with
Fly Ash/Sewage Sludge Mixtures
P. Saini', D.K. Bhumbla, R.N. Singh, and R.F. Keefer. Division of Plant and Soil
U.S.A.
Sciences, West Virginia University, Morgantown, WV 26506-6108,

Introduction. Revegetation of mine soils is often inhibited by unavailability of suitable top soil.
Natural soils in many coal mining areas of the world are very shallow and thus burrowed soils
are not available for revegetation. Fly ash, a waste product of coal fired power plants which
is in need of safe outlets for disposal, has many soil like properties. However, these materials
are deficient in nitrogen and phosphorus. Another waste product, sewage sludge which also
needs avenues for utilization, is rich in N and P. Mixtures of these materials can be used as
a medium for plant growth.
Physical, chemical, and biological properties of fly ash are different than those
of natural soils (1). No work is known to the authors where nitrogen transformations are
compared between sludge amended natural soils and fly ashes. This information is vital as
rate of N mineralization determines N availability to crops and consequently governs crop
establishment and production. On the other hand, high rate of N mineralization can result
in a potential water pollution problem. The experiments reported in the present investigation
attempt to determine the maximum amounts of sludge that can be used to revegetate mine
soils without any adverse impact on water quality.
Materials and Methods. Fly ash and top soil were compared as plant growth media in a field
experiment on a mine site in West Virginia, USA. Experiment was set up in a completely
randomized design with 6 treatments and 4 replications each. Treatments consisted of three
rates of sewage sludge on two top soil materials i.e. fly ash and natural soil. Sewage sludge
was applied to supply 0, 1200, and 2400 kg N/ha, whereas fly ash and top soil were used to
provide 15 cm top soil thickness. Plots were seeded with grass legume mixtures in the fall of
1991. After planting soil samples were collected at monthly intervals. During winter months
samples were collected at three months interval followed by monthly sampling in spring and
summer. Soil samples were analyzed for total, NH 4 + , and N0 3 +N0 2 ~- N. Mineralized N was
calculated by summation of N H / , N03", and N 0 2 - N. Leachate composition was determined
by collecting samples via pressure vacuum lysimeters installed at 60 cm depth. Leachate
samples were analyzed for NH 4 + , N 0 3 + N 0 2 - N. Above ground vegetation was harvested in
summers of 1992 and 1993. Dry matter yield was determined for each treatment and plant
tissues were analyzed for N.
Results and Discussion. Largest amounts of N 0 3 - N were recorded in plots receiving mixture
of fly ash and sewage sludge (Fig. 1). Soil N0 3 '- N increased with time and recorded a peak
value two months after the application of treatments. On this sampling date KC1 extractable
N exceeded 10 mg N 0 3 - N/kg soil in each treatment. All of the extractable N came from soil
solution because nitrates are not retained by soil components. Thus, in soil solution,
concentration of nitrates far exceeded 10 mg/L of soil solution as soil solution is only a
fraction of total soil mass. Fly ash amended with sludge had higher levels of nitrates than the
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Fig. 1 Extractable and leachate nitrate -N concentrations in fly ash and
top soil amended with sewage sludge containing 1200 kg N/ha.

soil amended with sludge. Microbial populations are lower in fly ash as compared to the
top soil. The differences in rate of nitrification are related to the physical properties of these
materials. Unlike soil, ash particles are spherical and thus have high porosity and large
number of mesopores (2). Due to this increased porosity and large number of mesopores,
soil environment was favorable for nitrification. Crop yields were lower in sludge amended
fly ash than in sludge amended top soil despite the fact that soil nitrate levels were higher
in fly ash treatments than in top soil. Sludge has an easily mineralizable N pool (EMNP).
In fly ash treatments nitrogen from EMNP was mineralized at a faster rate than in top soil
treatments. However, this early mineralization happened when crop was too young to utilize
all of the available N. On the other hand in top soil treatments slower rate of
mineralization of EMNP resulted in availability of N at active growth stage.
In the early growth stage of the crop, leachate samples in all treatments had
nitrate in excess of drinking water standard. Leachate samples from sludge amended fly ash
had higher levels of N0 3 ' than sludge amended top soil. These differences were again due
to the difference in morphology of the two materials. After the initial six months, even in
plots receiving 2400 kg N/ha, nitrate levels never exceeded 10 ppm.
Results of this study show that sludge amended fly ash can be successfully used
as a top soil substitute. However, a marginal adverse impact on water quality from nitrate
leaching<tvas observed during the crop establishment phase of revegetation.
Literature Cited.
(1) Carlson, C.L., and D.C. Adriano. 1993. Environmental impacts of coal combustion
residues. J. Environ. Qual. 22:227-247.
(2) Bhumbla, D.K., R.F. Keefer, and R.N. Singh. 1993. Ameliorative effect of fly ashes on
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Influence of Successive Cropping on NTransformation in Tropical Soils
Dipankar Saha. Department of Soil Science, BCKV, Mohanpur-741252, India
INTRODUCTION
Introduction of crop in the system disturbes the equilibrium of
different forms of N in soil. Continuous cropping causes a marked
depletion of all forms of hydrolysable organic and inorganic N
except fixed NHJ-N in soil (Salam and Saha, 1990). N-mineralization
in in soil is further influenced in presence of fertilizer N (Koyama
and Niamshrichand, 1973).
The present study was, therefore,
conducted to investigate the effect of successive cropping and Nfertilization on changes in different fractions of inorganic and
organic N in tropical soils.
MATERIALS AND METHODS
Two soils namely, Ustiflavent and Haplustalfs were used in the
present investigation. Four treatments with a basal application of
60 kg ha - 1 each of P9O5 as superphosphate and K«0 as muriate of
potash, were adopted for each of the soils under study, of which
two were cropped with maize and the other two were maintained
uncropped. One of each of the said two categories was fertilized
with N at the rate of 150 kg N ha-1 as ammonium sulphate and the
other was maintained unfertilized.
Each treatment was replicated
three times.
In cropped set, maize crop was allowed to grow for 30 days and
then harvested for soil and whole plant analysis. Three more
successive croppings followed exactly in the same manner without Nfertilization .
The levels of NHt and NOö -N were determined using procedures
outlined by Bremner and Keeney (1966), fixed NHt by the method of
Silva and Bremner (1966), organic N by the method of Bremner (1965)
and total N in plant samples by the micro-kjeldahl digestion method.
RESULTS AND DISCUSSION
The levels of exchangeable NH4
decreased and fixed NH^ -N
increased significantly with increase in number of cropping.
The
levels of NOö -N did not show any similar trend of results.
Comparatively higher amount of decrease in inorganic N in Nfertilized system is perhaps due to immobilization of a part of
exchangeable NH£ to clay fixed or organic form or a loss of another
part from the soil through the process of volatilisation and
denitrification. Presence of crop further accelerates the decrease
in inorganic N by utilizing some amount of available N in soil. The
lower rate of increase of fixed NHv -N in cropped situation is
perhaps due to higher amount of utilization of exchangeable along
with recently fixed NHt form of N by the growing crops (Saha and
Mukhopadhyay, 1986).
In general, the levels of organic N decreased with increase in
number of cropping in both the soils under investigation. Nfertilization resulted in an increase in N-uptake in all the four
crops grown in succession. The observed sharp decrease in total Nuptake in the fourth crop in both the soils was a likely effect of
N-stress situation in the system.
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N-balance study showed that in absence of growing crop, a major
part of available and hydrolysable organic N could have been lost
through the process of volatilization and denitrification. Presence
of crop shows an exactly opposite trend of results. The recorded
positive value of unaccounted N was due to conversion of organic to
available form of N by the active microbial population present in
rhizosphere soils (Saha e t a1.,
1982). Fertilizer N addition resulted
comparatively higher amount of difference of unaccounted N in
uncropped than the cropped system (Table 1).
Table - 1 "
Effect of successive cropping and N-fertilization on changes in
unaccounted N (mg kg"') in soils
.
SniK
Sequence
of harvest
at 30-day
interval

1st
2nd
3rd
4th

Usti f 1 nvent
Without cropping With cropping
Without With
Without
With
N
N
N
N

- 2.0
- 3.0
- 4.0
-11.0

-10.0
- 770'
-32.0
-18.0

+ 5.42
+ 3.67
+10.07
+28.60

+ 1.0
+ 3.01
+16.89
+22.58

Haplustalfs
Without cropping With cropping
Without With
Without
With
N
N
N
N

-22.0
-15.0
-22.0
- 4.0

-41.0
-62.0
-74.0
-65.0

+ 1.70
+ 4.50
+ 9.83
+15.45

+ 1.33
+ 3.33
+ 0.46
+10.31

CONCLUSION
The increase in certain N-forms coupled with decrease in others,
indicates conversion of one form to other in both the uncropped and
cropped soils. The results further suggest that different fractions
of inorganic and organic N including fixed NHt-N can be better
utilized by growing crops in succession.
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Movement and Distribution of Fertilizer Nitrogen in Soil
under Different Cultural Practices and its Management for
Sustained Crop Production
Patwary, S. U. Chief Scientific Officer, Bangladdesh Institute of Nuclear
Agriculture, P. O. Box 4, Mymensingh, Bangladesh.

EXTENDED SUMMARY
Introduction :
Nitrogen is an indispensable nutrient for the growth and
development of all crops. Proudction of every pound of food, feed
and fiber requires a near constant amount of nitrogen (1). So for
a sustained crop production, the amount of nutrients removed in
harvested crops must be replaced or soil productivity will decline
(2,3,). Therefore, to have a Sustainable agricultural System, we
need to study in depths the efficiency of fertilizer nitrogen
utilization by various crops and how to raise the efficiency of
applied nitrogen and unused nitrogen carried over from one growing
season to the next from applied and biologically fixed nitrogen .
Methods and Materials :
Seperate field experiments were conducted using Rice (T.
flman)- wheat-Rice (T. Aus) cropping patern adapted to he growing
conditions of Bangladesh using two water regiones (Ig= rainfed and
l!= Saturation to 3.0 cm irrigation as and when necessary) and four
tillage treatments (8,15,20 and 30 cm deep ploughing) having 100kg
N'Vha as urea (1% atom excess) applied in two splits. The relative
availability of residual N to the following rice (T. Aman) crop was
also determined using the isotope sub-plots of an earlier
experiment designed to determine the amount of BNF by chickpea and
Lentil taking wheat as a reference crop. All the experiments were
ónducted using Calcareous Brown Flood Plain Soil under Sara Series
at RARS, BARI, Ishurdi. The Soils Contain pH-8.3, Org. Carbon0.38%, Total N-0.04%, Available P-3.0 ppm. Exchangeable K-0.13
m.e.% having Sandy Loam texture with 59% Sand, 30% Silt and 11%
Clay.
Results and Discussion:
The results of Study showed no significant effect of depth of
ploughing either on accumulation of total residual N in 0-40 cm
profile or on fertilizer use efficiency for all the crops both
under irrigated or rainfed conditions except for T. Aus rice where
the N use efficiency was nearly 11% higher at 30 cm plough depth
compared to other depths under both the water regimes.
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Results from plant recovery of. residual M revealed that the
relative availability of the residual N to the following rice crop
«ere 17, 9 and 9% with respect to N present in 0-40 cm profile
after preceding wheat, chickpea and Lentil respectively.
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A holistic approach to study nitrogen turnover in soils
different in cultivation and climate regime
Ralph E. Hantschel , Ruth Rackwitz, Rolf Hoeve and Friedrich Beese.
GSF-Forschungszentrum fur Umwelt und Gesundheit, Institute of Soil Ecology,
Neuherberg, Postfach 1129, 85758 Oberschleissheim, Germany.
Introduction. Nitrogen has been shown to be one of the nutrients with open cycles in most of
the intensive agricultural land use systems. Consequently, any kind of sustainable land use
system has to aspire to closed nitrogen cycles. A detailed comprehension of the basic processes
of the N-cycle is necessary to optimize the utilization of nitrogen derived from the soil itself and
from added fertilizers. In spite of nearly one century of research on nitrogen mainly the soil
internal processes are understood not well enough to manage agricultural soils in an appropriate
way. During the 80s N03-leaching to the groundwater in relation to kind and amount of
fertilizer was the discussed topic and in the early 90s the N20-losses to the atmosphere as
influenced by land use started to come up. But the complete N-balance could still not be
evaluated in most studies because important compartments and fluxes are not analysed. One
main gap is the understanding of the role of soil biological parameters and their interaction with
environmental factors.
Therefore we want to identify the soil biological parameters in soils from two different climatic
regions in Germany, which are differently cultivated. Also the response of those soils on
mineral and organic fertilizers are under investigation. To evaluate a correct N-balance all
compartments are analysed for N - using 15N to seperate soil and fertilizer induced fluxes - as
well as the liquid and gaseous fluxes are determined. One hypothesis we want to test is the
statement that under ecological farming systems the active organic substances are increasing and
building a kind of buffer system for pulsing N-concentrations in soil solutions.
Material and Methods. Two sites in Germany were chosen for the studies. They are both part
of long-termed, interdisciplinary research networks on agroecosystems. One site, Scheyern (Sch)
situated north of Munich, is an experimental farm of 150 ha which is investigated by the
"Forschungsverbund Agrarökosystem Miinchen". In this project strategies of cultivation should
be developed which combine economical benefits with the preservation and regeneration of
natural resources. An ecological farming system is compared with an integrated one. The
average annual temperature ranges around 7.4°C and the yearly amount of precipitation is about
833 mm. Soils are mainly developed on a molasse and leoss sediments, but the texture and depth
of soils is very different.
The second site, Bad Lauchstadt (BL) situated west of Leipzig, is an experimental farm with the
so-called "Static Fertilization Experiment", a long-termed experiment of several fertilization and
cultivation treatments and crop species which started in 1902. Now the research network STRAS
is using some of these plots to investigate the regeneration of agroecosystems loaded with high
amounts of nitrogen. The average annual temperature is about 8.7°C and the yearly amount of
precipitation is about 480 mm. Therefore there is nearly no percolation of soil water beneath the
rooting zone. The whole region is charcterized by very fertile mollisols derived from loess.
We took undisturbed soil cores (height 25 cm, diameter 14 cm) in autumn 1992 from both sites.
In Scheyern five soil types, ranging from Typic Udorthent to Typic Agrudalf and Aerie
Endoaquepts, were sampled with four to six replicates each. In Bad Lauchstadt Haplic
Phaeozems cultivated with six different long-termed treatments were sampled. They include no
fertilization, with NPK and with NPK and farmyard manure since 1902, as well as fallows and
slurry deposits. All soil cores were installed in a microcosm system (1). With this closed system
we are able to incubate the soils under controlled environmental factors such as temperature
(14°C) and irrigation (4mm/day). C0 2 - and N20-emissions from the soils were measured three
to four times each day, soil percolates were sampled weekly from the columns to which we
applied 100 hPa suction. After an equilibration time of about eight weeks 150 kg/ha 15NH4C1
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(enrichment 96%) was applied by spraying on the soil surface. To trace the break througn
curves of NOj in comparison to water CI" was used. The development of gas emissions and
solute fluxes was done over about five months. Afterwards the cores were sacrificed and
sampled in 5 layers. As before incubation basic soil chemical parameters were determined as
well as soil biological ones as biomass, adenylate energy charge, heat production, and fatty
acids of phospholipids (2). Different extractions were done to characterize the different nitrogen
pools (mineral, active organic, microbial). 15N was analysed by mass and emission
spectrometry.
Additional microcosm incubation were done with one Scheyem soil to study the effect of
incorporating mustard residues in comparison to surface application on the nitrogen cycle (3).
Results and Discussion. Soils of the experimental areas could be well seperated according to
their total organic carbon and nitrogen content. Highest values of more than 50 gC/kg are
typical on slurry deposits, whereas plots without any fertilization showed lower contents than
both ones fertilized in Bad Lauchstadt. The Scheyem soils are characterized by half this amount
of carbon at most. The values of nitrogen are along this gradient with maxima of 5 g/kg in BL
and minima of 0.7 g/kg. The first characterization of microbial activity by substrate induced
respiration (2) showed good correspondence to carbon and nitrogen contents of all soils. The
application of mineral nitrogen fertilizer showed nearly no effect on the activity of microbes in
most treatments, whereas introducing plant residues caused a sharp but rather short increase of
respiration (3). N20-production of all soils were below detction limit of 1.5ug N 2 0-N m"2h"1
before applying any fertilizer. Their response curves on the addition of NH4C1 were very
different but all showed an increase. The non fertilized plots as well as those treated with
mineral fertilizers only showed the highest increase of emissions. At this moment of
investigation we can not describe the responsable processes very well. After analysing the 15Ncontent of the different nitrogen pools we hope to come closer also by calculating the different
turnover rates of the nitrogen pools. The evaluation of N0 3 in soil percolates will deliver
information of N-loss during the incubation and the transport conditions of the soils under
investigation.
Net nitrogen mineralization of the mustard treated Scheyem soil , as calculated from the N0 3 leaching during incubation, could be well fitted by first-order kinetics. Although the high
variability of the net nitrogen mineralization of the four replicates mustard application
significantly rises the nitrogen release. However, no difference could be proved for the different
techniques of application - mixing to the top 8 cm and surface application. The annual
decomposition of the mustard (k-value), derived from the kinetic, ranges between 0.44 y"1 and
0.51 y 1 .
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Nitrogen Transformations of Land Applied Biosolids
in an Arid Environment
R. E Zartman*, R. D. Harmel, C. A. Moffet, R. G. Gatewood, D. B.
Wester, and R. E. Sosebee. College of Agricultural Sciences and
Natural Resources, Texas Tech University, Lubbock, Texas
79409, USA
Introduction. In 1988, the U.S. Congress passed the Ocean Dumping Ban Act which
prohibited ocean dumping of biosolids (sewage sludge). This forced New York, New
York and other cities to seek alternative management options for their sewage sludge.
One management alternative for the city of New York was the land application of
biosolids for beneficial purposes in Sierra Blanca, Texas. This area was chosen
because of large amount of land which could be purchased and very favorable
application conditions (infrequent rainfall or freezing events, deep ground water, and
high soil pH).
Land application of biosolids to arid grasslands has many environmental benefits and
offers lower risk assessment than many agronomic reuse areas. At this site, biosolids
are applied to meet the nitrogen requirement of the plants. When properly managed,
arid rangeland has lower potential for surface runoff than most agronomic sites in
higher rainfall areas. Low rainfall and deep ground water (=300 m) minimize leaching
potential for pollutants to the aquifer.
Materials and Methods. These experiments were conducted in the Trans-Pecos
area of far west Texas. The site has been classified as desert grassland in the
Chihuahuan desert. Soils range from Aridisols (Camborthids and Calciorthids) to
Mollisols (Haplustolls) to small areas of Vertisols (Torrerts) in the drainage areas.
Most of our experiments have been conducted on the Mollisols. The soils are
calcareous and moderately alkaline throughout with pH ranging from 7.7 to 8.4.
Permeability is moderate and water holding capacity is high. While a typical
application of biosolids on the whole application site is 7 Mg dry weight/ha (3T/A) our
experimental application rates range from zero to 90 Mg/ha. The biosolids are
typicallly applied on an 80% wet weight basis. A typical dry weight TKN is 3.0% with
0.76% ammonium nitrogen. The phosphorous and potassium contents are 1.12 and
0.09% on dry weight basis, respectively.
One study evaluated initial ammonia volatilized as a function of time and temperature.
This volatilization experiment quantified the loss of ammonia at three rates (0, 7, and
18 Mg/ha) of biosolids applied. Biosolids were placed on the soil surface in a closed
chamber (0.6m x 0.3m x 0.3m) with a fan blowing air through the chamber at a rate of
5.7 L/sec for 56 min/hr. The remainder of the hour gas (0.025 L/sec) was removed
from the chamber and bubbled through a 2% boric acid solution to measure ammonia
volatilized. Two soils of similar surface texture but different gravel contents were
evaluated.
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A second, long-term nitrogen loss study was conducted. In this experiment, biosolids
were applied at 0, 7, 18, 34, and 90 Mg/ha rates to 250 mm diameter soil cores and
exposed to the natural weather. Biosolids were removed and weighed on a weekly
basis from each application rate. In addition to the total mass of biosolids lost, the
TKN, ammonia and nitrate nitrogen contents were measured.
Results and Discussion. For the short term experiment, most of the ammonia was
lost during the daytime and volatilization rates decreased exponentially with time. The
rate of loss was also a function of ambient temperature with greater rates of losses at
the higher temperatures. For the long term experiment, there were significant
biosolids mass losses on a week-to-week basis. The mass of biosolids decreased
weekly for a 6-month period in this arid environment. Rate of application and date of
sampling interacted in their effect on biosolids mass loss. In general there where more
differences in mass loss at the lower rates than the higher rates.
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The fate of nitrogen fertilizers in some soil types
F.Jacquin, S. Alfaia, L. Florentin, F. Ganry, A. Niane, D. PalmaLópez and S. Sulce Laboratoire science du sol, ENSAIA, 2 Avenue de la forêt
de Haye, B.P. 172 54500 Vandoeuvre, FRANCE
Introduction : When nitrogen fertilizers are used, except for plant absorption and losses via
volatilization, dinitrification and lixiviation, an immobilization by the soil microbial biomass does
exist. In this paper, we essentially point out the competitive dynamic of nitrogen between plants
(Real Utilization Coefficient-RUC) and microorganisms (immobilization).
Material and methods : With the use of 15N (1), the fate of four nitrogen fertilizers (urea,
potassium nitrate, ammonium sulfate and ammonium nitrate) was examined in a range of soil types
under various climates : three soils from Albania (Calcaric Fluvisols) ; two soils from Brazil
(Ferralsol and Acrisol); seven soils from France (Rendzina, Vertic Cambisol, Eutric Luvisol, Ferric
Luvisol, Calcaric Regosol, Dystric Cambisol and Orthic Luvisol); two soils from Mexico (Chromic
Vertisol and Eutric Fluvisol) and two soils from Senegal (Ferralic Arenosols). Analyses were done
on mineral 15N, 15N taken up by plants and soil organic 15N (3) and its fractionation by acid
hydrolysis (4).
Results and discussions : First, we are interested in the utilization of fertilizer by plants (field
and laboratory conditions) and then the interaction of these fertilizers on the internal nitrogen cycle
(Added Nitrogen Interaction - ANI) - (5) (fig. 1). From these experiments, majors conclusions can
be drawn : a) Real Utilization Coefficient (RUC) varies from 17 to 75 % and depend on: soil types,
climate, chemical forms and rates of applied fertilizers and experimental technics; b) in the field the
apparent ANI effect is positive while the fertilizers applied act positively, c) in laboratory conditions
the ANI values are always positives; this fact is due to the homogeneous exploitation of soils by the
root system demonstratly the influence to the rhizosphere effect.
U 100
X

-40 1
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kg N ha-1
Figure 1 :RUC and ANI in function of soil types and rates of N applied

We also examined, on two long term field trials in Sénégal.the 15 N incorporated into
différents organic fractions: the RUC values are lower than 17 % but the immobilization of nitrogen
in the soil is very high, its values vary from 50 to 80 % of the 15N applied and are proportionals to
the microbial biomass. The soil plough and farmyard manure application increase the 15N
immobilized in the a-amino fraction (NSAnD), itself dependent on the increase in total biomass and
immobilization percentage (fig. 2).
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Figure 2 : The fate of the ammonium sulfate in two Arenosols

In parallel a pot experiment whith rye-grass to quantify the 1 5 N immobilization (fertilizers :
K NC>3 and (15NH4)2 SO4) in seven types of soils was carry out (fig. 3). The high amounts of 15 N
immobilized correspond to the clay and carbon-enriched soils, these values range from 17 to 27 %
of 1 5 N applied. Qualitatively, the a-amino fraction represent the stand point of the immobilization;
the 15 N incorporated in this fraction is very important (50-70 % of 15 N immobilized).
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3

1- Calcaric Fluvisol
2- Calcaric Fluvisol
3- Calcaric Fluvisol
4 Rendzina
5- Ferric Luvisol
6- Vertic Cambisol
7- Eutric Fluvisol
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Figure 3 immobilization of 15N (70 mg N/kg soil) in seven soil types
After one month of incubation and removal of mineral N, we have studied the
biodisponibility of the different organic N compartments ; the availability of 15N immobilized
concern essentially the a-amino fraction and to a less extent the non hydrolysable fraction (NnH)
and the ammonical fraction (NSAD); the intensity of this biodisponibility is dependent on soil types.
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Wheat yield as affected by fallow length and N application to
sorghum residues
R.A. Rosell, J.A. Galantini, J.O. Iglesias and R, Miranda. Laboratório de Humus
(IAHBIS), Dpto. de Agronomia, UniversidadNacional del Sur & Asociación de
Cooperativas Argentinas (ACA). 8000 Bahia Blanca. Argentina.
Introduction. The effects of the partial decomposition of sorghum (Sorghum bicolor L.) residues
fallowed during and N-fertilized at different time periods on the next winter wheat (Triticum
aestivum L.) yield were evaluated.
Materials and Methods.
The site description and climate of the experiments (NE of Bahia
Blanca, Argentina; 30° 44' S and 62° 11' W), the physical and chemical properties of the petrocalcic
Haplustoll soil, fine sandy loam, thermic, with a calcareous hardpan (caliche) layer at 0.5 m depth,
were already presented (1)
Fallowing periods:
After harvesting the grain the sorghum stover was machine-chopped and disked in. The
following fallow periods were established before the wheat was seeded:
- Short (Sh, 3-month up to wheat seeding time)
- Medium (Me, 5-month)
- Long (L, 14-month)
The fallow periods (Sh, Me and L) received a nitrogen (46 kg N ha" ) application at:
- the beginning of the fallowing period (F)
- wheat seeding (S)
- wheat tillering (T)
A check treatment (Ch) without N was also carried out.
Results and Discussion. Table 1 presents the main soil hydrological data related to the fallow
periods. The longer fallow lengths increased water and NO3-N accumulation in the soil. However,
the efficiency in the use of both parameters by the crop was limited by the shallow soil which had a
calcareous (caliche) layer at 0.5 m depth.
Table 2 contents the wheat yields as affected by the fallow periods and N application time to
the sorghum residues. N broadcasted at wheat seeding (S) and/or tillering (T) increased always (in
the Sh, Me, and L fallow periods) the crop yields as compared with the Ch (no N) and F (N applied
at the beginning of the fallow) treatments. The higher efficiency of these applications was obtained in
the short (Sh) fallow period.
The number of fertile spikes (data not shown) depended directly upon the presence of soil
available nitrogen (NCK-N). On the other hand, the number and weight of grains were directly
correlated with available water (AW) accumulated during the fallow periods.
The length of the fallow, from short (Sh) to long (L) periods, would have shown a more
important effect on wheat productivity in deeper soils than the one used in this study, which has a
calcareous (caliche), impervious layer at 0.5 m depth
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Table 1. Precipitation (mm), available water at seeding (AW, mm), fallow efficiency (FE, %) and
soil NO^~-N (kg N ha* ) as a function of fallow length.
AW*

FALLOW PERIOD
Rainfall
(Months)
(mm)
Sh(3)
Me (5)
L(14)

64.5
201.5
646.5

FE**

SOIL
NO3-N
(kg ha"1)
44.2
68.3
170.0

(mm)

(% of WHC**)

(%)

36.0
44.3
67.0

42.2
52.0
78.6

55.8
22.0
10.3

* AW, available water
**WHC, water holding capacity = 85 mm
***FE, fallow efficiency = (AW : Rainfall) x 100
Table 2. Wheat yields as affected by fallow periods and N application time
FALLOW

N

BROADCASTED

AT
S

PERIOD

Ch

F

Sh

1621 c

1937 b

2685

a

2558 a

Me

2108 c

2300 b

2850

a

2920 a

L

3808 a

3921

a

4540

b

3847 3

T

Means on each line followed by the same letter do not differ significantly (P < 0.05; Tukey's lest)
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Spatial Variability of Denitrification in a Pasture
J. Luo', R.W. Tillman, and P.Roger Ball. Department of Soil Science, Massey
University, Palmerston North, New Zealand.
Introduction. Denitrification rate in field soils has been reported to exhibit high variability. This
was found to be attributable to the heterogeneous distribution of "hot-spots" of particulate organic
matter on a micro-scale (Parkin, 1987) and of macroscopic aggregates where microbial activity
produces anaerobic conditions conducive to denitrification (Smith, 1980). More information about
variability of denitrification rates under various field conditions and management practices is
required to fully understand the variability of denitrification, and to estimate precisely
denitrification losses.
Materials and methods. This study was carried out on a poorly-drained, silt loam soil, located
at Palmerston North, New Zealand. The acetylene-inhibition technique on soil cores was used to
measure denitrification regularly in various topographical sites in a pasture. Individual soil cores
were collected and separately incubated in tubes, or fourteen cores in ajar, under field conditions.
Following the last gas sampling, soil cores were amended with N03" and glucose solutions singly
or in combination, or imposed with anaerobic conditions. Denitrification was again measured in
the laboratory to identify the influences of water, substrates and anoxia on variability among
denitrification rates. The coefficients of variation, skewness and frequency distributions of
denitrification rates at each sampling date were evaluated.
Results and Discussion. Table 1 summarises some statistical properties of the denitrification rates
obtained in this study. Coefficients of variation and skewness of denitrification rate varied with
sampling dates and sites. The log-normal distribution provided a better fit than normal distribution
in 76 out of the 82 data sets. The rates from incubations with larger samples in jars still appeared
to be log-normally distributed, although variance was smaller. The results from this pasture were
consistent with some of the previous studies in arable and forest soils. Other soil properties such
as mineral nitrogen level and denitrification enzyme activity measured in this study exhibited the
similar distribution to denitrification rate. Variance among denitrification rates showed a temporal
pattern, which was mostly influenced by rainfall and grazing. This study indicated that the variance
in denitrification rate was low in relatively dry soil, and increased with rainfall. However, it
eventually decreased in wet soil after prolonged rainfall. High variance among denitrification rates
usually occurred for a few days after grazing, along with high denitrification rates. The effects of
substrate and anoxia on spatial variability among denitrification rates are summarised in Table 2.
Amendment with N03" and glucose, either singly or together substantially decreased the skewness
of the frequency distribution for denitrification rates on all occasions. One of the important factors
controlling denitrification and its variance in this pasture was the heterogeneity of soil NOj",
resulting from the clumped distribution of urine and dung from cattle.
Conclusions. Denitrification rates were generally log-normally distributed in this pasture. The
skewed distribution among denitrification rates was attributable to the heterogeneous distribution
of both available C and N0 3 ' in the soil. The study of variability in this pasture is complicated by
climate, weather and grazing events.
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Table 1: Summary of Statistical Characteristics among Denitrification Rates
C.V. (%)'

Distributionb

Number of
Sampling
events

Min.

Max.

Min.

Max.

Normal

Log-normal

Gully Bottom

15

46.0

241

1.67

5.35

0

15

North Slope

13

26.4

133

-0.16

3.91

2

11

South Slope

13

34.3

297

0.32

3.96

1

12

Flat

28

20.9

337

-0.25

6.95

3

25

Gateway

13

55.6

185

0.37

3.41

0

13

Site

Skewness

a. C.V. (%) = Coefficient of Variation(%)
b. Numbers include all data sets which fit better in normal or log-normal distribution,
respectively
Table 2: Influence of Substrates and Anoxia on the Coefficient of Variation (%) among
Denitrification Rates (Selected Sampling Dates)
Date

Control

Treatment
water

NGy

Glucose

NOy & glucose

anoxia

17-11-92

337

131

30.5

55

n.d.'

260

08-12-92

79

72

22.0

36

16.9

65

25-01-93

157

30

6.1

33

6.1

120

20-04-93

170

263

103

109

30.7

115

09-06-93

101

114

65.1

39

8.1

94

20-07-93

81

120

34.5

28

6.6

139

08-08-93

110

63

20.3

54

8.1

153

07-10-93

120

39

16.4

25

9.3

100

a. n.d. = not determined
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Nitrate-N accumulations in the soil profiles of long-term
fertilizer experiments
T. Németh. Research Institute for Soil Science and Agricultural Chemistry of the
Hungarian Academy of Sciences, Budapest,

Hungary

Introduction
One of the most important problems is the increasing nitrate contents of waters. Nitrate in different depths of the soil profile or in groundwater may come from different polluting sources, such
as industrial and communal establishments, animal husbandry, fertilizer storage, but it may also
take its origin from mineralization of organic N-forms, geochemical processes, leaching and transport by precipitation and surface waters. Fertilization with organic and mineral fertilizers could also
take part in this process (2, 3)
Methods
The experimental series chosen for our measurements, was set up in 1968 on 9 experimental
stations in different parts of the country, on different soil types, under diverse environmental
conditions (supervised by PANNON Agricultural University, Keszthely).
In the first four cycles (1968/69 - 1983/84) winter wheat, maize, maize and winter wheat were
grown, and in the following period winter wheat, maize, sunflower and winter wheat represented
the plant order. The basic soil analysis data of this network was published by DEBRECZENI (1).
Deep-drilling was carried out at 8 experimental stations following the harvest of winter wheat in
July 1988. Soil samples were collected on the unfertilized plots and on the plots which received 50,
150 and 250 kg N/ha/year each. Deep-drilling was done down to 3 meters and the samples were
taken after every 20 cm.
In this paper the results of three (Iregszemcse - calcareous chernozem, Karcag - solonetz-like
meadow chernozem and Bicsérd - forest soil deposition) of the above mentioned 8 experimental
stations are presented.
Results
Iregszemcse Experimental Station - The soil is a calcareous chernozem. In the soil profile the
loess layer (C-horizon) begins at 90 cm, above which lies a humous loam. The calcareous layer was
found at a depth of 60-90 cm in July 1988. All horizons found down to 3 meters belong to the
group of loams, regarding their physical properties. The average depth of the groundwater table
was 4-5 m.
The yearly given 50 kg/ha N-fertilizer dose caused no increase in the nitrate-N content of the
soil when compared to the control treatment. The 150 kg/ha/year N-dose over the average of 20
years resulted in a nitrate-N content of the soil exceeding the N-demand of the plants. This fact was
evidenced by a nitrate accumulation in the deeper layers of the soil. In the plots fertilized with 250
kg N/ha/year, a total accumulation of 750-780 kg nitrate-N could be detected in the upper 300 cm.
The peak of accumulation was found at a depth of 180 cm. It was also found that the nitrate-N
contents of the plots fertilized with 150 and 250 kg N/ha/year, respectively, exceed the ones of the
control plots throughout the studied soil profile. In the same way, the nitrate-N data of the plots
fertilized with 250 kg N/ha/year exceed those of the plots fertilized with 150 kg N/ha/year
throughout the soil profile.
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Karcag Experimental Station -The soil is a solonetz-like meadow chernozem. The soil profile
consists of the following horizons: down to 60 cm heavy black clay rich in humus, from 60 to 95
cm heavy, light brown clay, from 95 to 200 cm yellow clay with iron and manganese concretions.
Below 200 cm the soil is clayey, the moisture content of which increases con ' ierably below 250
cm. The average depth of the groundwater table was 3-4 m.
A real increase of the nitrate-N content of the soil could be detetermined in the profiles of the
two higher (150 and 250 kg/ha/year) N-treatments. In the heavier soil of Karcag, the accumulation
zone is more expressed than in the lighter soil of Iregszemcse. The accumulation peak appears
nearer to the soil surface, at a depth of 120 cm. The differences existing between the single Ntreatments are smaller in the upper 50 cm of the profile than in the case of Iregszemcse soil.
Bicsérd Experimental Station - The soil is a forest soil deposition. The soils in the profile
belong (down to 3 meters to the group of loams, regarding their physical properties. From 90 cm
down to the bottom of the profile lies a loess layer, in the deeper parts of which lime clods, as well
as iron and manganese concretions can be found. The average depth of the groundwater table was
3-4 m.
This forest soil is a loamy one throughout its 0-300 cm profile. The yearly given 50 kg/ha Nfertilizer dose caused no increase in the nitrate-N content of the soil when compared to the control
treatment. In this soil no distinct nitrate-N accumulation zone could be found. As a result of
fertilization with the two higher (150 and 250 kg/ha) N-doses, the higher nitrate-N content achieved
by fertilization remains almost unchanged in the single treatments, from a depth of about 50-75 cm
down to 300 cm of the profile.
Literature cited:
1. Debreczeni B. (1992) AGROFORUM, 1. 24-28.
2. Németh T. and Buzas I. (1990) Kungl.skogs-och Lantbruksakademien, Stockholm Rapport Nr 51
169-186.
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Nitrate in Soil Solution under Sorghum and Pigeonpea Plants
in Mono and Intercrops
O.Ito, R.Matsunaga, KKatayama, S.Tobita, J.J.Adu-Gyamfi, T.P.Rao, and
Y.Gayatri Devi. International Crops Research Institute for the Semi-Arid
Tropics, Patancheru, Andhra Pradesh, 502 324, India.

Introduction. In soil solution mineral nitrogen is in a dynamic state. Nitrogen moves in
and out of soil solution, even though its concentration may remain constant. The major
inflow processes include fertilization, mineralization, rainfall, and flow from neighboring
soil layers. Mineral nitrogen flows through plant uptake, immobilization, volatilization,
denitrification, and leaching. Although we can only easily measure the net balance of those
complex processes, plant uptake seems to have an overriding effect on pool size (1),
especially near the rhizosphere. Nitrate is the major form of nitrogen in soil solution under
upland conditions and its fluctuation could reflect root development and the nutrient uptake
activity of roots more clearly than the nitrate extracted with potassium chloride (KC1),
which is commonly used to assess nitrogen available to plants.
Intercropping is a common agricultural practice used to stabilize crop production and
maximize resource utilization. It provides soil scientists working on nitrogen dynamics with
an interesting research subject as roots from each component crop compete or share in the
uptake of nutrients and water. The present study aimed to investigate how the status of soil
solution nitrate is affected by intercropping.
Materials and Method. A medium-duration pigeonpea [Cajanus cajan (L.) Millsp.] cultivar
(ICP 1-6) and a sorghum [Sorghum bicolor (L.) Moench] hybrid (CSH 5) were sown in a
shallow Alfisol at the International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) Center near Hyderabad, India on 18 June 1991. The spacing was 60 x 15 cm
for the sorghum monocrop, 60 x 30 cm for the pigeonpea monocrop and 60 x 10 cm for
each crop of the intercrop in a 2:1 row arrangement. There were three replications. The
size of each 13-row plot was 7.5 x 12 m. Phosphorus was applied before sowing as single
superphosphate at 20 kg P ha'. A basal application of 50 kg N ha"1 as urea was given to
each cropping treatment. Porous cups (0.7 cm diameter and 6 cm high) were embedded
at 15, 30, and 45 cm depths under plants in the rows. Soil solution was collected regularly
from the cups by suction with a 50 mL gas-tight plastic syringe. The nitrate concentration
of this soil solution was measured spectroscopically with a salicylic acid-sulfuric acid
mixture.
Results and Discussion. Both crops showed their typical growth patterns of rapid initial
growth for sorghum and slow prolonged growth for pigeonpea. Pigeonpea growth in
intercrop was reduced to 30-40% of that in monocrop, whereas sorghum growth in
intercrop was around 55-85% of that in monocrop. The land equivalent ratios for shoot dry
mass calculated at every sampling date were greater than one, ranging from 1.06 to 1.91.
The nitrate concentration in soil solution was high at the beginning of the study and
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then rapidly
declined
(Fig.1). Only a trace of
nitrate was found in soil
water at 50 days after
sowing (DAS), except for
the soil of the monocropped
pigeonpea.
Nitrate
concentration
in the
monocropped pigeonpea soil
was always higher than in
other treatments
and
remained detectable even
after 50 DAS. This may be
mainly attributed to the
lower planting density in
this cropping system and
slow of nitrogen (N)
utilization by pigeonpea
during its early growth
150
stage. The same spacing
within a row for each crop
in an intercrop allows
direct comparison of the
difference in N utilization
between component crops.
The result suggests that
nitrate depletion through
the upper soil layers under
both crops in intercropping
150
is almost identical to that in
Days after Sowing
sole sorghum.
In other
words, the intercropping Fig. 1. Nitrate concentration in soil solution collected from sorghum
pigeonpea with sorghum (S) and (P) pigeonpea plants in monocrop (M) and intercrop (I).
may improve the N-use
efficiency of the system as a whole by enhancing utilization of N at the uppermost soil
layer. This N would otherwise have been leached out to deeper soil layers.
Although problems associated with soil solution sampling have been reported (2), in this
instance, nitrate in soil solution proved to be an adequate indicator by which the nitrogen
dynamics in soil-plant interactions could be estimated.
Literature Cited
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crop rotation and nitrogen fertilizer application. Fert.Res.26:197-207.
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Confirming the Increasing Level of Residual Nitrate Nitrogen in
Greek Soils by Sugar Beet Cropping
N. Maslaris, and A. Simonis. Hellenic Sugar Industry, Agronomy Research
Service and Soil Science Institute, Thessaloniki, Greece.
Introduction. The concept that soil NOj-N is "easily leachable"
influenced any interpretation on soil nitrogen availability for
many years. However, the lack of direct assessment on nitrate
leaching
in Greek agricultural conditions and the nonquantitative evaluation of some basic parameters affecting it,
such as annual rainfall, soil texture, residual-N, led to
misconception and contributed to N-fertilizer overuse with
substantial accumulation of mineral N in soil profile (4).
The distinctive effect of residual N03-N to sugar beet
performance (1) (high N-level causes: high foliage development,
reduction in root sugar content, increase in both root-Na and
petiole-NO, cone.) was used as an indicator of soil NO,-N
availability and verified the already realised extensive
accumulation, in spite of the cover up by other growing, high Ndemanding, species (maize, etc.) in the sugar beet crop rotation.
Materials and Methods. Twenty nine N-fertilization
field
experiments with sugar beet were conducted in 1991 and 1992 on
different sites and soil types in order to verify nitrogen effect
on yield estimates and their relationship. Plant samples were
collected in 1991 from forty commercial sugar beet fields,
representing the whole area in Northern Greece, during July where
growth rate is usually maximum, and were classified according to
their petiole-N03 level. Integrated data, from extension surveys,
gave insight into this particular area of interest.
Results and Discusion. Evaluation of N-experiments reassured the
nitrogen adverse effect on sugar content and the positive relationship
with Na uptake or Na/K ratio in roots (2) (Fig.1).
Fig. 1. Sugar content and its relationship with Na and K/Na ratio of
sugarbeet root, as affected by applied N (summary of 29
fertilization experiments, 1991-1992).
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Classification in Table 1 showed that petiole-N was closely
related with sugar beet performance. Thereafter the plant and
yield components functioned, in some extent, as indications (3)
of NO, uptake. Averaging fields, under different circumstances,
provided an unquestionable measure of residual NO,-N. A fully
representative sample of about 10,Q00 fields classified according
to petiole-N level (Table 1), showed that the no. of fields per
class was A=10%, B=25%, C=35% and D=30% of the whole sample. Soil
samples data, taken after the end of the preceding growing season
and before sugar beet planting, are illustrated in Table 2. They
also confirmed the high and increasing level of residual N03-N,
in Greek soils, during the last six years.
Literature cited
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dessen Aufnahme und Vertwertung durch die Rube. Inter. Inst.
Sugar beet Res., 54th Winter Congress.
2. Hill A Walter, 1984. Effect of N nutrition on quality of three
important root/tuber crops. In Nitrogen in Crop Production, ASA
Madison, Wi.
3. Maslaris N ana P Christodoulou, 1992. The role and the
significance of Na in the technological value of beet of
Mediterranean origin, CITS, Bratislava.
4. Tabatabai M A , M H Fu and N T Basta, 1992. Effect of cropping
systems on nitrification in soils. Commun. Soil Sci. Plant Anal.,
23: 1885-1891.
Table 1.Sugar beet yield, sugar content, top weight, root/top
ratio, theor.sugar yield and root Na content in relation
to soil N supply level as depicted by the N03-N content
in petiole (harvestig results 1992)

F i e l d c l a s s i f i c a t i o n according to petioles
NOT-N cone, of recently matured leaves
(NOj-N
( n u t r i t i o n a l level)
ppm)
A:
B:
C:
0:

Insufficient
(< 600)
Adequate
(601-3.000)
excessive
(3.001-10.000)
Over-Excessive (> 10.000)

no
of fields

Root
yield
tn/ha

Sugar
content
M

Top
*<iaht
tn/ha

Root/Too
ratio

tneor.
sugar
yield

Na
rre/IQOg
root

tn/ha
12
12
39
35

37.46
46.92
43.54
43.16

13.33
12.38
11.53
11.11

13.32
52.93
56.32
64.80

87S
922
673
689

.4.99
.5.31
.5.02
.4.33

2.95
3.25
5.10
6.28

Table 2. Soil residual NO,-N determined by soil analysis
(soil sambles talcen before sugar beet planting)
Percentage of f i e l d s , in each year, « i t h N0,-N > 20 ppm
Tear:
Percent:

1988

1989

1990

1991

1992

1993

K

«

12X

20»

3K

33X

Average of. at least. 3000 soil samples per year.
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Effect of Aluminium on Nitrate Reductase Activity of Different
Wheat Cultivars.
F. Gallardo A. , C. Riquelme, M. Alvear and M.E. Pino. Depto. de Ciencias
Quimicas. Universidad de La Frontera. Temuco - Chile.
Introduction. The toxicity caused by Al is one of the most important factors limiting plants growing in
acid soils.
One of the practices better used for correcting the problem of soil acidity is the liming. However, this
practice has limitations since its application is restricted to the superficial horizons of the soil.
Therefore, it is of interest to know the plants Al-tolerance mechanisms for selecting cultivars of the
main utilized species tolerant to this element.
The main Al-toxicity symptoms in plants are present in the radicular system since length is significantly
reduced diminishing water and nutrients utilization (2).
Al-tolerancy seems to be related with the differential capacity that certain plants have to modify the
environment pH where they grow. The environment pH modifications are determined by the differential
absorption of cations and anions and therefore, they depend on the nitrate and amonium availability (1).
Studies on nitrate absortion show a direct Al effect on the enzyme nitrate reductase involved in the
nitrate absorption and reduction. The most tolerant cultivars seem to have a less Al- sensitive enzyme,
and therefore, they present a high activity opposite to more sensitive cultivars (3,4).
The objective of this work consisted in evaluating the different cultivars response to Al distinct levels
and its relationship with the enzyme nitrate reductase activity.
Materials and Methods. Sterilized wheat seeds were germinated in sand. Three seedlings were put
into liter pots containing a nutrient solution (8). Two wheat cultivars were used: Triticum aestivum L.
(Perquenco and Pitufo) grown in a nutrient solution for period of 21 days with four Al levels (0, 100,
150 and 200 uM) and two pH levels (4.8 and 6.0).
The experiment was carried out in a growing chamber with controlled temperature and light. At the end
of the experiment, after 21 days, the enzyme nitrate reductase activity was determined in the plant
leaves. Afterwards, plants were divided into shoot and root determining both lengths and weight for dry
matter.
Little pieces were taken out from the terminal part of wheat leaves so as to get a mass of 0.250 g. The
vegetal material was put into erlenmeyer glasses of 25 mL containing 5.0 mL of incubation (6,7). Each
erlenmeyer was taken to vacuum for a minute (5). Afterwards each erlenmeyer was taken to bath
incubation with a controlled temperature of 30 °C in darkness, during 40 minutes. After this time,
incubation aliquots were taken to quantify the nitrite formation according to the method described by
Harper and Hageman (5).
Results and Discussion. Pitufo cultivar is Al-tolerant compared to Perquenco whose radicular system
was clearly affected (Fig. 1).
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The activity of enzyme nitrate reductase shows to be less affected in the Pitufo cultivar, which is Altolerant. (Fig. 2).
Conclusions show that the nitrate reductase activity was less affected by the Al presence in the tolerant
cultivar.

100

150

Aluminium (uM)
100
Q Pitufo
pH4.8

I Pitufo
pH6.0

• Perquenco
pH 4.8

150

200

Aluminium (uM)

mPerquenco
pH 6.0

Fig. 2:

Fig. 1: Root length of wheat genotypes in
relation to pH and Al.

Nitrate reductase activity of wheat
genotypes in relation to Al with pH 4.8.
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Potassium in Soils and Crops of Bangladesh
M.I. Ali and M.Q. Haque. Bangladesh Institute of Nuclear Agriculture, P.O.
Box 4, Mymensingh, Bangladesh
Introduction. Although potassium is not a constituent of any plant
structures or compunds, its essentiality has.long been.proved for.
several plant processes. Plants take up a large quantity of
potassium from, the soil for its normaJL. physiological functions,
unlike N and P, most of the potash is contained in the foliage and
stalks of field crops. In Bangladesh, straw or foliage of crops is
completely removed during harvest causing high export of potassium
from the field. This_ process is being supplemented by high crop
yield under intensive cropping system resulting in quick depletion
of available K from soil. However most of the cultivable areas of
Bangladesh covered with floodplain soils (80%) which are usually
rich in potash bearing minerals and have the capacity to supply
liberal amounts of K during crop growth for which many of the field
crops specially rice do not respond to potassium application. But
a fact that during active growth stage of the most field crops do
not get sufficient potash to meet their requirements particularly
because of slow release of K. from difficulty available form.
Moreover readily available K in soil is also being lost through
leaching because of intensive rains in the country. Further more,
it is to be mentioned that Terrace (8%), Hill (12%), and light
textured and piedmont areas (3.5%) are inherently deficient in K
because of low content of easily weatherable minerals. With.these
points in view, a coordinated study on the potassium in soils and
crops has been undertaken through out the country..
Materials and Methods. The investigation involved the determination
of exchangeable, non exchangeable, and total K and K bearing
minerals in soils samples collected from 47 Soil Series covering
the major soil groups and landforms of the country. Studies further
included the K release behaviour by successive extractions with IN
NH40AC and 0.3N NaCl, K fixation under different moisture
conditions, depletion of soil K due to continuous cropping, Q/I
relationship and crop response to applied K fertilizer. The study
has been undertaken by the Seven Research Institutions including
two universities of the country.
Results and Discussion. Based on K-bearing minerals particularly
primary mica from sand fraction Muscovite and biotite) and
secondary mica from clay fraction (illite), the soils of Bangladesh
has been categorized as having Hill Soils low. Terrace Soils low to
medium and Floodplain soils medium to high amounts of K-bearing
minerals. Status of exchangeable (IN NH.OAc) and available (IN HNO,
with 10 minutes boiling and 1.4N HtS0,) K in 43 soil series
indicated a wide variability among the series. Data (average of 2-3
Institutes) reveal about 70% of the soil series to be low (<0.2
meq/100g) and rest to be medium in exchangeable K. Capacity
of different soil series to supply K from non exchangeable or fixed
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fraction also varied widely. For example, Chandina soil -Series
(Terrace Soil) released 36 and 23 mg kg"' K whereas pirojpur series
(Floodplain Soil) released 380 and-355 mg kg"1 K by NH,0Ac and NaCl
extraction procedures, respectively. Potassium fixation varied
widely among different soils, according to the perod of incubation
and soil moisture status. The K fixation was low initially at 30
days of incubation, but gradually increased to a maximum at 105
days. Depletion of soil K due to continuous cropping in pot culture
resulted in a reduction in yield at the subsequent cutting/harvest
stages. Exchangeable K in soil also followed the same trend. Data
indicated that plant takes up K not only from the exchangeable but
also from non exchangeable pool. The exchangeable K after being
removed by the crop seems to be continually replenished (extent of
replenishment varied among the soil series) by the soil K reserve.
A quantity/intensity (Q/I) index was used to show that labile
potassium varied among the soil series in the range of 0.05-0.41
m.eq./100g. The equilibrium activity ratio, potential buffering
capacity and readily available potassium in soil solution varied
considerably among the soil series.^ It is evident from the
potential buffering capacity of soils that some soil series
irrespective of their origin and parent material have high K
supplying power while others have low capability of supplying K to
the growing crop indicating the need for regular dressing of K
fertilizer for optimizing crop production in the latter case.
A large number of crop response field trials were conducted all
over Bangladesh by different Institutes on various field crops.
Response of rice to K application was sporadic and not as sharp as
that in many of the upland crops. In the floodplain soils rice did
not respond to .K in the areas where the exchangeable K was above
0.1 m.eq/100g soil. Rice grown in Tertiary hill deposits and
Terrace soil of Madhupur tract, having exchangeable K status of
upto 0.15 m.eq/100g soil responded to K application. Maximum
increase in grain yield (52%) of T. Aman rice was recorded in a
soil series of Himalayan Piedmont Plain, having exchangeable K
status of 0.07 m.eq./100g soil with 50kg applied K ha'1. Response
of wheat to K application was more prominent than that of rice.
Increase in grain yield was from 28 to 150%, where exchangeable K
concentration was 0.14-0.17 m.eq./100g soil. Response of potatoes
to K application was very sharp compared to other upland crops.
Striking response was recorded in some soil series of. Meghna River
alluvium origin having increase in yield of 144 and 200 per cent
with application of 62.5 and 125 kg K ha"1. Response of mustard and
sweet potatoes was also obtained in a number soil series depending
on the status of exchangeable K.
Although K response is sporadic for rice crop which is grown all
over the country and covering over 80% cultiable area, K
application must be ensured particularly incase of intentive
cultivation even in areas where crop response is nil,formaintenance
and balancing of K supply.

55

Predicting the Incidence of Iron Chlorosis in Peach: Some
Useful Soil Parameters
R. Yanguas, M.C. del Campillo*, and J. Torrent. Departamento de Ciencias y
Recursos Agricolas y Forestales, Universidad de Córdoba, Apdo. 3048, 14080
Córdoba, Spain.
Abstract. Iron chlorosis affects many economically important crops cultivated in calcareous soils
of Spain. To determine the soil properties related to iron chlorosis in peach orchards and the
corresponding critical levels, we sampled peach leaves and soils at depths of 25 and 50 cm. Leaf
chlorophyll content was estimated: (1) with a Minolta apparatus (giving SPAD units), and (2)
measured spectrophotometrically in a methanol extract. The total chlorophyll content (TCC) was
correlated with SPAD data (R= 0.94'**). Thus, the Minolta apparatus can be used to measure iron
chlorosis in the field. The soil property better correlated with TCC was ammonium oxalate
extractable Fe (FeJ in the upper 25 cm of the soil. The Fe0 critical level calculated using CateNelson method, was 0.9 g kg"1 soil. Fec is useful in separating the soils which induce iron chlorosis
in peach from those which do not.
Introduction. Iron chlorosis is a major problem from some crops cultivated in calcareous soils,
which occupy wide areas of Spain. To avoid erroneous decisions when a new crop is planted and
to carry out a balanced fertilization in calcareous soils, it is convenient to know the Fe status in
the soil. Since iron chlorosis occurs in calcareous soils the role of carbonate and its properties have
been intensively studied. Also, a large number of Fe extractants have been tested in relation with
iron deficiency. Recent works have shown that ammonium oxalate extractable Fe (Fe0) is a good
parameter to predict iron chlorosis in soybean and sorghum (1, 2). Moreover, its combination with
active calcium carbonate equivalent (ACCE) improved the prediction of iron chlorosis in sunflower
and chikpea (5). The objetive of this work was: (1) to test if these soil properties can be used to
predict the appearance of iron chlorosis in peach, and (2) to establish the critical levels of these
properties.
Materials and Methods. Twelve peach orchards located in north-eastern and southern Spain were
selected. In each one, several trees with different degrees of iron chlorosis were sampled. Three
soil samples were collected at 25 and 50 cm deep on the tree dripping area. Samples taken at the
same deep were mixed to have two compound samples per tree. ACCE was determined according
to Drouineau (4), and oxalate extractable Fe (Fe„) according to del Campillo and Torrent (J). Iron
chlorosis diagnosis included the use of the MINOLTA apparatus (SPAD units) and chlorophyll
extraction with methanol of four leaves per tree. Total chlorophyll content was calculated in /ig
cm'2 of leaf surface. Regression analyses were done with the COSTAT program. Critical levels
for soil properties were calculated by the statistical procedure of Cate and Nelson (6).
Results and Discussion. The correlation of the SPAD units with total chlorophyll content (TCC)
was highly significant (Fig. 1). Therefore, the Minolta apparatus can be used to estimate the iron
chlorosis degree in the field without damage to leaves; in addition, it is a rapid method. The

56

correlation coefficients between TCC and ACCE were not significant (R=0.32 foe the 25 cm depth
and R=0.36 for 50 cm). The correlation coefficients between TCC and Fe0 were highly significant
(R= 0.70*" for 25 cm (Fig. 2) and R=0.60*" for 50 cm). The amorphous iron oxides which are
dissolved by ammonium oxalate seem to be the main source of iron to plants in calcareous soils.
The better correlation for the 25 cm depth can be due to the presence of most of the active roots
in the upper part of the soil, for all orchards were fertirrigated. The Fe„ critical level that separates
Fe chlorosis-inducing soils from which do not is 0.9 g kg 1 . The parameter ECCA/Fec was equal
to Fe0 in predicting iron chlorosis, the critical level being 90 g ECCA/ g Fe0.
Literature Cited.
1. Loeppert, R.H., S.C. Geiger, R.C. Hartwig, and D.R. Morris. 1988. A comparison of
indigenous soil factors influencing the Fe deficiency chlorosis of sorghum and soybean in
calcareous soils. J. Plant Nutr. 11:1481-1492.
2. Morris, D.R., R.H. Loeppert, and T.J. Moore. 1990. Indigenous soil factors influencing iron
chlorosis of soybean in calcareous soils. Soil Sci. Soc. Am. J. 54: 1329-1336.
3. del CampiUo, M.C., and J. Torrent. 1992. Predicting the incidence of iron chlorosis in
calcareous soils of southern Spain. Commun. Soil Sci. Plant Anal., 23:399-416.
4. Drouineau, G. 1942. Dosage rapide du calcaire actif des sols. Nouvelles données sur la
repartition et la nature des fractions calcaires. Ann. Agron. 12:441-450.
5. del CampiUo, M.C., and J. Torrent. 1992. A rapid acid-oxalate extraction procedure for the
determination of active Fe-oxide forms in calcareous soils. Z. Pflanzen. Bodenk. 155:437-440.
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Figure 1. Relation between chlorophyll
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(TCC) in methanol extract (fig cm 2 ).
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ammonium-oxalate extractable Fe (Fe0),
showing the Fe„ critical level.
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Incidencia del Contenido en Calcio y Magnesio del
Complejo de Cambio Sobre el Rendimiento de Ia
Variedada de Tabaco Virginia (Flue-Cured) en el Valle
del Tietar (Caceres, Espana)
R. Bienes, M . Nieves, C. Rodriguez y J. Moscoso. Subdirección General de

Investigación Agraria. Comunidad Autónoma de Madrid, Espana.
INTRODUCTION. En nuestro pais existen importantes regiones en las
que el tabaco constituye la principal fuente de riqueza agricola,
y en ellas, el desconocimiento del suelo es una lacra que incide
negativamente tanto en la producción como en la calidad del
tabaco.
La importancia otorgada al pH ha conducido a realizar, como
practica habitual de cultivo., encalados sucesivos con la finalidad
de elevarlo hasta valores próximos a 7,0, lo que ha conducido a
una paulatina disminución del rendimiento, la cual ha sido
achacada a un "agotamiento" del suelo como consecuencia del
monocultivo que supone el tabaco.
La zona de estudio se halla al N de la provincia de Caceres
(Espana) y abarca el tramo medio del valle del Alagón.
MATERIAL Y METODOS. Del estudio del clima del valle del Alagón se
concluye que el régimen ténnico del suelo es mésico y el régimen
de humedad del suelo, considerando una reserva de 200d/! mm y un
agotamiento de la misma segün la expresión: R = 200xe" °° , y en
base a una sección de control de la humedad comprendida entre 20 y
60 cm -limites estos correspondientes a las texturas francas
gruesas- es xérico.
El area de estudio presenta un paisaje definido por formas
suavemente alomadas. Este relieve sensiblemente llano es el
responsable de que, con frecuencia, encontremos niveles freaticos
. elevados y un desarrollo completamente irregular de la red
fluvial, asi como capas colgadas de agua, originadas por cambios
texturales bruscos. Con frecuencia, estas capas estan provocadas
por el riego, el cual no ha hecho sino agudizar mas esta
circunstancia, ya que la red de drenaje es insuficiente.
Se han observado horizontes con enriquecimiento de arcilla de
neoformacion (horizontes cambicos) y, alli donde la estabilidad
geomorfológica ha permitido el proceso de iluviación, encontramos
horizontes argilicos (terrazas altas).
RESULTADOS Y D I S C U S I O N . En un primer momento se aplicó la
metodologia
de Riquier,
desarrollada a
partir de
la de
Mitscherlich, no obteniéndose buenos resultados.
En contra de lo que se esperaba en un principio, el pH, la
textura, el contenido en
materia organica no han mostrado
correlaciones significativas con el rendimiento. Sin embargo, si
se ha observado una correlación negativa altamente significativa
entre el calcio y el rendimiento, en discrepancia con diversos
autores (19) segün los cuales el aporte de caliza se ve reflejado
por un aumento del rendimiento.
Esta sensible disminución del rendimiento conforme aumenta el
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contenido de calcio es debida a la saturación del complejo de
cambio por este elemento, lo que da lugar a un gran desequilibrio
catiónico, dificultandose la absorción del potasio [(12) y (28)].
La regresión obtenida que define el rendimiento estimado en
función del calcio (ponderado) del complejo de cambio viene
definida por la siguiente ecuación:
Y, = 3,5932*Ca - 0,271
donde Y, = rendimiento estimado en Qm/Ha
Ca = meq/100 g de calcio (ponderado) del complejo de cambio
El coeficiente de correlación es R = 0,849 (RJ = 0,7215),
altamente significativo para el nivel del 99%
Puesto que el calcio y el magnesio pueden sustituirse
mutuamente (31), procedimos a estudiar el efecto de la saturación
del calcio+magnesio en el complejo de cambio.
La curva de regresión
obtenida en este caso mejoraba
ligeramente la anterior. El hecho de que ambas curvas fueran
similares se debe al gran peso que tiene el calcio en el complejo
de cambio del suelo.
La
regresión obtenida viene
definida por la ecuación
siguiente:
l/Y, = 0,1302*X - 0,0742
donde:
Y, = rendimiento esperado en Qm/Ha
X = porcen.taje de Ca+Mg en el complejo de cambio
El grado de ajuste de esta regresión viene dado por el valor
del coeficiente de correlación, el cual toma el valor R = 0,8774
(R2 = 0,7698).
Este
efecto fuertemente
negativo
del
porcentaje
de
calcio+magnesio en el complejo de cambio es debido al antagonismo
que ambos cation'es mantienen con el potasio [(7) y (26)].
LITERATURA CITADA.
(7) Cripps,R.W.; Young,J.L. and Leonard,A.T. 1989. "Effects of
potassium and lime applied for coastal bermudagrass production on
sandy soil". Soil Sci.Soc. of Amer.Journ. 33:127-132. Jan-Feb.
(9) Fassbender,H.W. 1972. "Equilibrios catiónicos y disponibilidad
del potasio en suelos de America Central". Turrialba 22(4):388397.
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sobre la extracción de N, P, Q, K, O, Ca y Mg en Nicotiana tabacum
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(19) Perez,S.; Garcia,G. y Cala,0. 1987. "Influencia de diferentes
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UPTAKE OF ZINC IN A WHEAT-MUNGBEAN-RICE
CROPPING SYSTEM ON A DystricFluvisol OF NEPAL
K. B. Karki* and W. E. H. Blum. Nepal Agriculture Research Council,
Khumaltar, Lalitpur, Nepal and Institute of Soil Science, Vienna University of
Agriculture, Gregor Mendel Strasse 33, 1180 Wien, Austria.
Introduction. Expansion of irrigation facilities has helped Nepalese farmers to harvest three
crops per year. This intensive cropping has led to a continuous decrease of organic matter in
agricultural soils. Moreover, availability of organic manures is decreasing In addition, farmers
have little knowledge about legumes in their crop rotation and about balancing fertilization,
which has led to excessive soil mining and a decline in crop production (2 ). Deficiency of
both macro and micronutrients have been observed all over the country (3 ). Therefore, the
organic manure and compost made of organic refuse from the town of Kathmandu was made
available to the farmers. But, besides macro and micronutrients, these composts also contain
heavy metals which may endanger the environment and contaminate the food chain. Even
considering that zinc (Zn) is a deficient nutrient in Nepalese soils, the high content of this
element in the refuse compost of Kathmandu made it necesssary to examine the behaviour of
the element in soil and crops after compost application. Therefore, a comparative study was
carried out on a Dystric Fluvisol with a total zinc content of 14.5 mg/kg, developed on an old
terrace of the Trishuli river with rotation of wheat, mungbean and rice.
Materials and Methods. The field experiment was conducted from November 1991 to
November 1992 with the following treatments: 28 tons of town compost/ha (total Zn 110
mg/kg ), farm yard manure (FYM) (16.75 mg/kg Zn), 120: 60: 40 kg NPK fertilizer and a 0
plot. In addition 0 and 10 kg of Zn/ha were applied to all 4 treatments. Fertilizer was applied
only once (to the wheat crop) in the whole rotation. The experiment was conducted in a split plot design with two rates of zinc (0 and 10 Kg Zn per hectare in the form of chelated Zn)
applied in combination with the three other sources of fertilizer. The treatments were replicated
three times. After wheat, mungbean was sown. Ripened mungbean pods were picked 3 times
and the plants were incorporated into the soil as green manure. Subsequently, rice was planted
on the same plots. Ten plants were collected from each plot before flowering. They were
washed shortly with distilled water, dried in a hot air oven at 50° C and ground for laboratory
analyses. Both, grain and straw of wheat, rice and mungbean were analyzed . Before the start
of the experiment a representative soil profile was opened and soil samples were collected
from each soil horizon. Moreover, composite soil samples from each plot were collected from
the plough layers after the experiment. They were air dried and sieved through a 2mm sieve.
Plant samples were digested in a tri-acid mixture and soil samples were digested in aqua regia.
Zinc was measured using atom absorption spectrophotometry The values presented are
averages of duplicate determinations. The zinc contents in the plants and soil samples were
compared using MSTATC statistical tools.
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Results and Discussion. The zinc content of 14.5mg/kg in the soil can be categorised as low
(4 ). But the town compost contains substantial quantities of Zn (110 mg/kg), which is
sufficient to meet the zinc requirements of the crops. Experimental data revealed that fertilizers
responded significantly to wheat and rice grain yields but not to mungbean. Zn applied in
combination with FYM, town compost and the control plot resulted in significantly higher
grain yield than grains produced by zinc alone or- in combination with NPK Wheat straw
produced with the application of NPK alone or with Zn produced the significantly highest
yields of all treatments. AH other treatments showed no effects.
The analysis of variance shows no significant result for Zn content in the wheat plants. The
highest content (8.617 mg/kg) was found in the control + Zn treatment and was lowest in
town compost + 0. Even considering that dicotyledons absorb more heavy metals than
monocotyledons (1), the highest Zn content in the plants was found in the FYM + Zn treated
plots. The control plot had taken up the lowest amount. In the rice plants NPK+Zn showed the
lowest rate of uptake. When calculating the amount of Zn extracted by the different plant
systems, still high amounts of Zn remain in the soil, indicating a positive balance of Zn through
the different treatments. The highest amount of Zn remained in the treatment control+Zn
followed by town compost + Zn , NPK+Zn, FYM+Zn town compost +0, FYM+0 , 0+0 and
NPK+0. The measured Zn content in the soil was positively correlated with that in the wheat
(r=0.83) and mungbean (r=0.79) but not in the rice plants. We found no correlation between
the Zn content in the plants and the yields of the individual crops but positive relation between
Zn content in the soil and in the plants. From this the conclusion can be drawn, that even the
high amounts of Zn applied with the waste compost produce no harmful effects to the soil or
to the plants at the given application rate.
Literature Cited.
(1) Sherchan, K and B. K. Baniya 1991. Crop Production and its Trend in Response to Soil
and Nutrients pp 51-60. In: Workshop Proceedings: Soil Fertility and Erosion Issues
in the Middle Mountains of Nepal. IDRC, Kathmandu
(2) Sillanpaa, M. 1982. Micronutrients and the Nutrient Status of Soil. A Global Study. Soil
Bull. 48. Food and Agriculture Organisation of the United Nations, Rome.
(3) Sillanpaa, M.. 1990. Micronutrients Assessments at the Country Level: an International
Study. Soil Bull. 63. Food and Agriculture Organisation of the United Nations, Rome.
(4) Sauerbeck, D R . 1991. Plant elements and Soil Properties Governing Uptake and
Availability of Heavy Metals Derived From Sewage Sludge. Water-air- and Soil
Pollution 57-58:227-237.

61

A Comparison of Organic and Conventional Wheat Production
with particular reference to Soil Fertility
R.W. Bell, A. Deria, I. Kanabo and J. Rowdon. Division of Environmental
Murdoch University, Murdoch, Western Australia, 6150

Science,

Introduction. In organic productions systems, farmers in Europe and North America achieve
comparable financial returns to conventional farmers because their yields which are generally 1015% lower, are offset by decreased costs of production (1, 2). Yield depressions in the organic
system compared to the conventional system, were greater for wheat crops than for other crops
including oats, and maize. By contrast with the soils of Europe and North America, those in
southern Australia are often highly weathered and have very low nutrient reserves (3). In
conventional farming systems in south-west Australia, nitrogen inputs from symbiotic nitrogen
fixation in legume-based pastures may be appreciable but phosphorus fertiliser rates barely replace
what is removed in the wheat grain harvested. The present study was conducted to quantify wheat
production levels in organic and conventionally grown wheat fields in south-west Australia, and to
relate these to soil nutrient status.
Materials and methods. A wheat field at each of four certified organic farms in the wheatbelt of
south-west Australia was selected for the study (Table 1). Each site was paired with a nearby wheat
crop on the same soil type and with a similar previous cultivation history apart from the relatively
recent conversions of the organic sites. Oats were grown at site 2 on the organic plots but this site is
retained in the study to illustrate the impact of low soil P levels on wheat productivity. Two of the
paired sites (sites 1 and 3) were on the same farm and under the same management. At each site,
four 20 x 20 m plots were selected for measurement of soil properties and wheat production in the
1992 season. Rainfall in 1992 for each site was as follows: Site 1, 350 mm; Site 2, 352 mm; Site
3,350 mm; Site 4, 485 mm.
Results. The similarity of soil properties between the organic and conventional plots suggests that
the sites were well paired for the purpose of comparing the organic and conventional systems for
wheat production (Table 1). There was no difference in soil organic matter levels between the
organic and conventional plots. Soils ranged from strongly acid (Site 1) to moderately acid and
varied in texture from sandy loam to clay loam: these are typical of the range of properties of the
soils on which wheat production currently occurs in south-west Australia (4).
In organic plots at sites 1, 3 and 4, shoot dry matter at anthesis was depressed by 20-67% compared
to the conventional plots (Table 2). However, grain and stubble yields were depressed at only site 4.
Grain yields in this study were generally higher than average for south-west Australia which may be
because rainfall in 1992 was 7-19 % higher than average rainfall at all sites. The one exception was
the very low wheat yields obtained at site 2.
At sites 1 and 3 where wheat yields were similar in conventional and organic crops, the pre-planting
soil P levels were adequate for wheat and exceeded those of the remaining sites where grain yield of
the organic plots were depressed. That P fertiliser was applied in the conventional wheat crop at site
4 which had a low pre-planting level of P, probably largely accounts for the strong grain yield
response obtained. At site 2, grain yields of both organic and conventional crops were low
reflecting the fact that both soils had extractable P levels regarded as deficiency for wheat: the higher
yield obtained from oats on the organic plots may indicate better adaption of oats to the low P soils
than wheat (1).
Grain nitrogen concentrations varied among the sites but were not affected by the system of
production at any of the three sites where wheat crops were compared. Amounts of P removed in
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grain from each site varied from 1 to 16 kg/ha and was closely related to grain yield. In the organic
crops, 5-10 kg P/ha were removed in grain.
Discussion. In soils with adequate P levels, grain yields of the organic wheat crops equalled those of
the conventional crops at two sites in south-west Australia. However, the present results point to a
serious limitation in yield of organic crops on low P soils where yields were depressed by 64 % at
one site. Moreover, grain harvesting removed 5-10 kg P/ha/crop in the organic plots suggesting that
some form of replacement of the P is required to avoid depletion of the available soil P resource. By
contrast in conventional crops, amounts of P fertiliser applied (8-10 kg P/ha), would be sufficient to
replace amounts removed in grain except wnen grain yields exceed 3 t/ha.
References
(1) Lockeretz, W., Shearer, G., Koli, D.H. and Klepper, R.W. (1984). Comparison of organic and
conventional farming in the corn belt. In: Organic Farming: Current Technology and its Role in
Sustainable Agriculture. ASA Spec. Publ. No. 46, pp. 37-49.
(2) Stanhill, G. (1990). The comparative productivity of organic agriculture. Agric. Ecosystems and
Environment 30, 1-26.
(3) Stace, H.C.T., Hubble, G.D., Brewer, R., Northcote, K.H., Sleeman, J.R., Mulcahy, M.J. and
Hallsworth, E.G. (1968). A Handbook of Australian Soils. Rellim Tech. Publ., Glenside, Aust.
pp.435.
(4) Perry, M and Hillman, B. (Eds) (1991). The Wheat Book. A Tachnical Manual for Wheat
Producers. WA Dept of Agriculture, Bull. No. 4196.
Table 1. Soil properties in the 0-30 cm layer prior to sowing on organic and conventionally farmed
sites. Values are means of four replicates.
Site

Production
system

1
1
2
2
3
3
4
4

Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional

Texture 3 pH
(1:5,
CaCl2)
5.2
1
1
5.6
si
4.2
si
4.3
5.7
cl
cl
6.0
si
5.8
1
6.6

Colwell
P
(mg/kg)
28
21
3
3
19
19
8
11

Colwell
K
(mg/kg)
366
305
47
50
265
231
115
186

NH4-N

NO3-N

(rr >g/kg)
4
4
3
2
4
4
3
5

(mg/kg)
3
3
7
7
5
5
5
2

Organic
C
(%)
0.40
0.54
0.56
0.57
0.91
0.95
0.55
0.53

A. 1- loam; si- sandy loam; cl- clay loam
Table 2. Shoot dry matter (DM) at anthesis, grain and stubble yield (kg/ha) at maturity, and grain N
concentration and P content in paired organic and conventionally farmed sites. Values are means of
four replicates (standard errors). Note: oats wer esown as the organic crop rather than wheat at site 2.
Site
Production
Shoot DM
Grain yield
Stubble dry Grain N
Grain P
system
(kg/m^)
(kg/ha)
matter
concn (%)
content
(kg/ha)
(kg/ha)
1
Organic
0.77 (0.03) 2613 (127) 3616 (253) 1.8 (0.1)
10.4 (0.5)
1
2
2
3
3
4
4

Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional

0.96
0.37
0.22
0.60
0.75
0.20
0.60

(0.10)
(0.01)
(0.03)
(0.05)
(0.04)
(0.02)
(0.08)

2664
1743
296
2427
2023
1790
5038

(55)
(644)
(50)
(157)
(289)
(109)
(282)
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3216
1469
708
3405
2997
3178
9307

(231)
(147)
(150)
(224)
(369)
(281)
(475)

1.9
1.2
2.0
1.9
1.9
1.3
1.3

(0.1)
(0.1)
(0.2)
(0.1)
(0.1)
(0.1)
(0.1)

8.0
4.6
0.6
9.5
6.2
5.9
16.2

(0.2)
(1.3)
(0.2)
(1.2)
(1.9)
(0.5)
(1.4)

Integrated Use of Green Manures and Fertilizer N on
Sustaining Productivity in Rice-based Cropping Systems
SP. Palaniappan* and K. Siddeswaran. Centre for Soil and Crop Management
Studies, Tamil Nadu Agricultural University, Coimbatore 641 003, India
Introduction. Integrated nutrient supply approach by judicious combination of organic and
biological sources with fertilizers is not only a reliable way of obtaining fairly high yields with
substantial fertilizer economy but also a concept that is ecologically sound leading to sustainable
agriculture. This study was taken up to develop an integrated nutrient supply system for
sustainable yields in a rice-based cropping system.
Materials and Methods. A field experiment was conducted from 1988 to 1990 (two cropping
cycles) at Tamil Nadu Agricultural University farm, Coimbatore, India, to formulate an integrated
N management practice with green manure/grain legumes and fertilizer N for the rice-ricemungbean cropping system. The green manure, Sesbania rostrata was included before the first
season (June-Sept.) rice and in between the tworicecrops (Sept-Oct) in the above system. Grain
legumes viz., balckgram, soybean and cowpea were raised during summer after rice harvest, their
pods harvested for grains and haulms incorporated as a source of green manure to the first season
rice crop. Thus, six systems were evaluated with three levels of fertilizer N (0,50 and 100 kg/ha).
The effect of these factors on grain productivity, soil organic carbon, total and available N, soil
available P and K were monitored after the harvest of each crop. Soil N balance was also worked
out to identify a suitable system to maintain the soil fertility.
Results and Discussion. The green manure, S.rostrata, accumulated 143 to 160 kg N/ha during
summer when grown before the first season rice and 84 to 92 kg N when grown in between the
two rice crops in therice-rice-mungbeansystem. The grain legumes yielded 500 to 700 kg grain/
ha and the haulms provided 34 to 52 kg N/ha to the subsequent rice when incorporated. Green
manuring resulted in the largest yield increase of 25.7% in the first and 19.2 % in the second rice.
Addition of balackgram and cowpea haulms enhanced the rice yield by 7.9 and 10.4 %
respectively when compared to no organic manuring. Application of 100 kg N/ha to each of the
rice crop and green manuring to any of the rice crops resulted in the highest yield increase of the
system.
There was considerable build up of soil organic carbon content after two years of intensive
cropping. Green manuring to either of thericecrops in the system resulted in 17 to 19% increase
in soil organic carbon content and inclusion of grain legumes in the system improved it by 9 to
12% compared to the initial status. The results indicated that there was perceptible improvement
in soil organic carbon content whenever green manure was incorporated to the current season rice
crop and declined slightly after the harvest of subsequent crops.
Inclusion of green manure and cowpea in the rice-rice-mungbean cropping system
improved the soil total N status after two annual cropping cycles. The total N content of the soil
remained unchanged compared to the pre-experimental status even when no fertilizer N was
added continuously, indicating the N supplying capacity of the soil (2). Whenever green manuring
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was done or grain legume haulms were incorporated, there was an improvement in the soil
available N. Besides the release of N from the incorporated organics, the legumes, when grown
in rotation with lowland rice, can scavenge soil mineral N, which might.otherwise, be lost, thus
effectively recycling the soil N for use by rice (1). The soil available N balance showed a net loss
when no fertilizer N was applied, even with green manuring and incorporation of grain legume
haulms, which brings out the unsustainability of the system (Table). With 50 kg rtyha there was
Table. Soil available N balance (kg/ha) inrice-basedcropping system (GM/GL-Rice-Rice-Mungbean)
N added
System

N removed
by crops**

Computed
balance

Actual

255

55

214

-79

251

268

-25

286

295

+2

A

R

T

-

17

17

50kgN

200

26

226

360

100 kg N

400

36

436

443

Control

Net loss
or gain
on actual*

-

344

344

310

327

237

-56

GM+50 kg N

200

353

553

425

420

296

+3

GM+100kgN

400

380

580

502

370

326

+33

-

119

119

309

109

226

-67

GL+50 kg N

200

133

333

420

206

275

-18

GL+100kgN

400

138

538

491

341

301

+8

GM alone

GL alone

'Initial soil 293 kg N/ha
N applied to rice crops (4) only
**Two annual cropping cycles of 8 crops
A: Applied
R : Residue
T: Total
GM : Green Manure
GL: Grain Legume

no substantial loss or gain when green manuring was done to the rice crop. The balance was
positive when 100 kg N was applied either alone or in combination with green manure/grain
legume haulms. Thus, the soil fertility is related to the quantity of N added through green manures.
In conclusion, the soil organic carbon and total and available N were improved by green manuring
toeitherof thericecrops in therice-rice-mungbean system. Incorporation of grain legume haulms
also conferred similar benefits. Inclusion of green manure and / or grain legumes in therice-based
cropping system, conjunctive use of inorganic N and proper residue management will help not
only to increase yield levels but also to sustain the long range productivity of the soils.
Literature Cited.
(1) Buresh, R.J. and S.K.De Datta. 1991. Nitrogen dynamics and management in rice-legume
cropping systems. Adv. Agron. 45:1-52.
(2) Inubushi.K and I.Watanabe. 1988. Dynamics of available nitrogen in paddy soils - Relationship between microbial biomass and soil fertility. Proc. First Int.Sym.Paddy Soil Fertility.
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Contribution of Vetch in Maintaining a Sustainable
Cropping System under Rainfed Mediterranean
Conditions
I. Papastylianou, Agricultural Research Institute, Nicosia, Cyprus..
Introduction: The current interest in sustainable agriculture has drawn attention to the role of
legumes in cropping systems and evaluation of such systems are of increasing importance1.
Published results from long-term rotation trials in the semi-arid mediterranean region are limited,
and the nitrogen fertilizer requirements of cereals following the legumes were not determined under
these conditions.
In most field studies the atmospheric nitrogen (N2) fixed by legumes consider the nitrogen in the
tops of the legumes. In long-term legume/non-legume rotation systems the total amount of N 2
could be estimated in the legume tops removed, in the non-legume crop which follows the legume
and in the changes of the soil N pool 2 . A non-fixing reference crop should be used during both the
legume and the non-legume phase of the rotation.
This study aims at evaluating different cropping systems as far as productivity, economic
profitability, nitrogen balance and the protection of the environment are concerned, for promoting
in the practice the most sustainable system.
Materials and Methods: Rotation studies were carried out during 1981-89 at two locations (Laxia,
Dromolaxia) in Cyprus. The climate is typical Mediterranean and the average rainfall for the growing
season was 250 and 350 mm, respectively. The soil is classified as clay-loam, pH 8, low in P and
N but high in exchangeable K. The rotation treatments were a) Vetch (Vicia sativa) for hay - barley
{Hordeum vulgare) for grain: VB, b) fallow-barley for grain : FB, c) barley for hay -barley for grain:
HB, d) continuous barley for grain: CB and B2. Barley for hay and the first phase of B2 received
60 kg N ha"1 while barley for grain received 0, 30, 60, 90 kg N ha"1 in sub-plots (5x6m). The same
N treatment was applied in the same sub-plot throughout the study. Phosphorus was applied, at
sowing, at the rate of 50 kg P205ha"1. The rotations had an entry-phase. The rotation treatments
were randomised in the main plots, which were divided into four sub-plot for the N fertilizer
treatments.
Vetch and barley hay were cut and removed at the pod formation and early dough stages,
respectively. For barley grain the grain and straw yields were measured. Total N was estimated in
all crops by the Kjeldahl method. Soil total N was measured at the begining and at the end of the
study at the 15cm depth.
The tops N 2 fixed was estimated using the N-15 methodology and the total N 2 fixed using the
Rotation Method 2 Soil moisture was measured for three growing seasons at Laxia at 1 m depth
using neutron gauges.
Statistical analysis was done over years. Orthogonal polynomial were used to determine the type
of response to N rate.
For the economic evaluation of the rotation systems all products were compared based on their
total metabolizable energy and crude protein content evaluated at different prices of barley and
soybean.
Results and Discussion: As far as grain yield is concerned, barley in the vetch-barley system was
more productive then in the fallow-barley and continuous barley systems. Nitrogen fertilizer applied
to continuous barley was not sufficient to compensate for the rotation effect than vetch had on the
subsequent barley. Barley after vetch gave an economically optimum yield without N fertilization
while in the continuous barley system 60 kg N ha'1 fertilizer was needed for optimum yield (Figure
1).
Using the "Rotation Method" and the N-15 methodology the total amount of N 2 fixed by vetch was
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estimated to be 150 and 210 kg N ha"1 per year at the 250 and 350 mm rainfall sites, respectively.
Of the total amount of N 2 which was fixed 60% was estimated to have remained in the roots after
vetch was harvested for hay. Of the amount of N, left in the roots 26% recovered in the subsequent
barley and the rest remained in the soil N pool.
Soil moisture conservation after the fallow year was clearly shown however, rainfall use efficiency
of the fallow-barley system was lower than the other systems because two years rainfall produced
one crop.
The relative economic returns of the crop rotation systems studied, based on the prices of
metabolization energy and crude protein, suggest that the vetch barley system is superior to the
other systems, overcoming the continuous barley system by US$ 166 per hectar.
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Figure 1 . Grain yield response to nitrogen fertilization of barley grown in five rotation system, at
two locations.
Conclusions: The vetch-barley system was also superior to the continuous barley system from
the production of animal feedstuff and the economic profitability point of view. It was concluded that
vetch-barley system compared to the continuous barley and fallow barley systems is more
profitable, is better for the economy of the country, improves soil fertility and is environmentally
friendly because it is sustainable and chemicals are not used.
Literature Cited:
1. Heichel, G.H. 1987. Legume nitrogen: Symbiotic fixation and recovery by subsequent crops.
In Helsel Z.R. (Ed). Energy in plant nutrition and pest control. Amsterdam: Elsevier Science
Publishers pp.63-80.
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Evolution and incidence of the organic matter content in
soils cultivated by means of the ecological agricultural
model.
J. Labrador*, A. Garcia Navarro ** and L. Fernandez Pozo.**
* Servicio de Investigación y Desarrollo Tecnológico. Consejerta de Agricultura y
Comercio, Apdo.217, 06071 Badajoz, Spain.
**Cdtedra de Edafologia y Quimica Agricola., Universidad de Extremadura,
06071, Badajoz, Spain.
Introduction. The ecological agriculture is a way of agrarian production that can be included away
the socalled "alternative agricultural models". This form combined both traditional agricultural
wisdom and newly acquired knoldewdge about agronomy. Its priority is to obtain high quality food
respecting the environment and maintaing the fertility of the soil at the same time by making the best
use of the resources and leaving behind chemical synthesis products (1).
The ecological agriculture is based on agroecological techniques in wich the search for a dynamic
balance as regards nutrients, macro and microorganisms, crops and habitat is encouraged. The
organic fertilization, together with the organic improvements used, the quantity and quality of the
organic matter in croplands, is of great importance in this agricultural model.
Materials and methods. The samples correspond to a 32-Ha farm situated in Extremadura
(Spain). It has been divided into 4 plots and 47 subplots to this pourpose. The predominant soils is a
Typic Xerofluvent with an area in the south of a 30 % of Ultic Haploxeralf which has developed on
slate. The analytical determinations have been carried out according to the Soil Survey Manual (2) and
the separation of humic substances according to Kononova (3).
Results and Discussion. During the 5 years of crops under study (1987-91), the soil of the
whole farm was fertilized in an uneven way with 35.000 Kg/Ha of sheep manure biannually,
alternated with green manure, either lupin or mustard-rape, which amounted to 12.000 Kg/Ha.
Average
Min.
Max.
The evolution of the soil
was observed, and samples
Initial Final
Initial Final Initial Final
were
taken
every
1,7
1,9
1,3
0,2
0,7
o.c. % 0,9
September and October,
E.C. %*
36
38
9
23
56
66
year after year from 1987,
F.A. %*
17
24
4
8
38
44
when
the
experiment
H.A. %*
15
14
3
6
38
36
started. The values of the
H.A./F.A. 1,4
0,7
0,3
4,0
3,8
0,1
main parameters analysed
O.M. T/Ha 36
53
O.C.= Organic carbon. E.C.= Extractable carbon.F.A.= Fulvic acid
are shown in table The
H.A.= Humic acid O.M.= Organic matter. *= Related to total O. C.
evolution of this organic
Table i
matter after 5 years has not
been regular because the
organic matter has been carried out in each rotating subplot which became free, and besides at the
right time for its application; the same applies to the 2 types of green manure which depend on
rotations and on its alternation with the use of manure.
As a consecuence of what has been mentioned above, the content in organic matter evolves in a zigzag line in which the highest points correspond to those years during which the addition of manure
has been more insistent; the differences coincide with the time that each plot has had until the matter
added has gone throug a process of mineralization and changed into humus. However there is a very
slight net increase. The mineralization of this organic matter, very high at the beginning presents,
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after 5 years of crops a clear tendency
towards balance; this tendency is more
evident in the areas with lesser contents.
When we compare the evolution of the
extractable carbon (fig. 1) with the formation
of humic acids (fig. 2), we find a strong
increment in the formation of humus during
the second year which gradually becomes
stable; whereas the formation of polymer, as
it is a slower process, has its highest
increment in the 4th year, although we can't
establish the presence, of a balance in such
process due to the fact that we are working
with a short period of time.
We have carried out a series of correlation
and regression analyses between the
parameters mentioned and the rest which
define the soil. It has been really interesting
to see the influence of the organic content on
the structural stability and the CEC. As far as the CEC is concerned, apart from the increase in the
correlation, the slope of the regression line went up, which showed the largest contribution of organic
matter to the CEC.
Conclussions. We can finally conclude
that the use of this agricultural technique
makes the soil richer in organic matter which
improves the structure and the capacity of the
CEC and, as a consecuence, it increases the
resistance of the soil to erosion.

Evolution of humic acid
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Figure 2

Agro-ecological applications of organo-clays
Leon Margulies. The Hebrew University ofJerusalem, Department of
Soil and Water, Faculty ofAgriculture, Rehovot 76100, Israel.
Specially designed organo-clays can be used for solving environmental problems in
modern agriculture posed, for example, by the excessive use of pesticides in the field.
The application of pesticides in excess is a common practice in cases where the
lifetime of biological activity is shortened either by volatility of such agrochemicals or
by their photochemical lability to sunlight. Examples which illustrate the potential use
of organo-clays for extending the biological lifetime of pesticides for agricultural use,
will be presented and discussed. We will also present a method for detoxification of
water contaminated with organic pollutants.
1. Slow-release of herbicides. By adsorption of the volatile herbicide S-ethyl dipropyl
thiocarbamate (EPTC) to montmorillonite, to sepiolite and to their complexes with the
organic cation methyl green, the half-life time of the herbicide was extended to more
than 5 days, whereas its half-life time in its free form is lOh. When incorporated into
the soil,, the half-life times were 4 and 9 days for the free and adsorbed forms,
respectively. The interactions between the herbicide molecules and the clay surface
were studied by Fourier-transform infrared spectroscopy. The vibrational spectra
revealed for both clays the presence of two different populations of EPTC in the clayorganic complexes.
2. Photostabilization of pesticides. Photolabile pesticides can be stabilized by adsorbing
them on organo-clays containing an additional coadsorbed chromophore. In such
systems, efficient energy or charge transfer processes between the photoexcited
pesticide (donor) and the chromophore (acceptor) result in an extension of the
biological activity of the pesticide enabling its use in agricultural formulations. This
approach has been successfully used for photostabilizing both synthetic insecticides
and herbicides as well as insecticides of microbial origin.
3. Purification of water. A method has been developed for removal and destruction of
organic pollutants from water The method consists of adsorbing the contaminants on
organo-clays to which a cationic organic photosensitizer was previously adsorbed,
followed by irradiation with visible light. The feasibility of the method was
demonstrated by using pentachlorophenol as a model contaminant in water and
montmorillonite adsorbed with hexadecyltrimethylammonium with loads above the
cation exchange capacity of the clay and with small amounts of methylene blue. After
6h of irradiation with visible light, the concentration of the toxicant was reduced to
less than one-tenth.
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Recycling of Organic Wastes for Sustainable
Agriculture
P.P. Ramaswami. Department of Environmental Sciences, Tamil Nadu Agricultural
University, Coimbatore 641 003. India.
Introduction. Due to energy crisis as a result of limited availability of fossil fuel, every
effort is to be made to explore the possibilities of utilizing all the available waste
resources. By adopting proper technologies the waste can be profitably utilized for
better crop production.
Materials and Methods. The waste materials available in and around the farm like
coirpith, pressmud, crop residues, tannery waste, arecanut waste and seaweed extract
residue were utilized as amendments to different soils and rice, groundnut, lab lab,
were grown as test crops and the performance of crop growth, yield and soil fertility
were assessed.
Results and Discussion. Coirpith at 10 t/ha as amendment in a sodic soil with rice as
test crop recorded the highest grain yield and with higher N balance followed by other
amendments gypsum and pressmud application. Coirpith due to its acidic in reaction
responded better in sodic soil (2). In an alkali soil application of coirpith at 5 t/ha to
lab lab along with pressmud at 5 t/ha + 75% NPK recorded the highest green pod yield
of 89.5 q/ ha and also recorded higher soil moisture than the other treatments.

Treatments

Table. Influence of Coirpith on lab lab
Green
Haulm
Total Soil
Pod yield
>ield
N
q/ha
q/ha
kg/ha

Soil
Moisture
%

Control

43.9

NPK 100%

62.3

105
125

1280
1433

5.9
5.4

Coirpith 5t + pressmed
5t + NPK 75%

an «

147

1713

13.3

Coirpith 5t + Gypsum
5t + NPK 75%

oi i

139

1620

6.5

Coirpith lOt + NPK 75%

6Z2

128

1600

7.4

The soil total nitrogen was also found to be higher (1713 kg/ha) in the treatment with
coirpith + pressmud + 75% NPK in this experiment. The same treatment has also
recorded higher soil moisture content in the soil which contributed for higher pod yield.
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Coirpith application at 15 t/ha recorded the highest yield of 6.22 kg grapes/vine
which is 50.6 per cent higher than NPK treatment. The results indicated greater water
use efficiency.
Coir Waste recorded significantly higher; ield of groundnut pod than pressmud
and farm yard manure, Coir pith enhanced the hydraulic conductivity and improved
the pore space and aided in peg formation.
Rice straw incorporation under submerged condition with super phosphate
recorded higher rice grain and straw yield and also enchanced the N balance in the
cropping sequence. There was a gain of balance N to the extent of 380 kg N/ha.
Seaweed residue after extration of agar agar, arecanut factory waste and tannery
waste were found to influence on the pod yield of groundnut and also protein and oil
yield of groundnut (1).
All available organic wastes near farm can be used profitably for sustainable
agricultural production and at the same time the environment is also cleaned and made
free from pollution problems.
Literature Cited.
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Florida State Hort. Soc. 101: 26-28.
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Sustaining Productivity By Organic Amendments Under
Rice Wheat Cropping System
R.P. Agrawaf, D.S. Mehla and Tek Chand, Department
Agricultural University, Hisar - 125 004 (India)

of Soil Science,

Haryana

Introduction: The state ofHaryana with less than 1.5 per centof the India's geographical area accounts
for more than 5 per cent of country's food grains production. The production of rice and wheat in
Haryana recorded a growth of 712 and 528 per cent, respectively between 1966-67 to 1991-92. The
production of food grains on the whole witnessed a growth of 259 per cent during the same period. In
north-eastern Haryana, the region along the grand trunk road, is highly urbanised and has well
developed means of transportation and communication which has been instrumental in the diffusion
of modem agricultural technology. There are some farmers in this part, known as the rice bowl of
Haryana, who are successfully raising two crops of rice (early and late varieties) a year alongwith
wheat. Although modem agronomy has rejected the idea that soils have to be rested between cropping
season (2), but continuous cropping has deteriorated the soil health as is evident by diminishing
agricultural returns and increased use of various inputs. With passage of time, the green revolution
strategy has led to decreased productivity and increasing use of farm inputs (3).
For the third world development, organic agriculture as a requirement in the foreseeable future
has been suggested (1). This paper describes the role of organic amendments in improving and
sustaining the declining productivity of rice based cropping system in this region of India
Materials and Methods: A field experiment was conducted on fine, mixed hyperthermic vertic
ustocheptat HAU Rice Research Station, Kaul, Haryana, India Organic amendments (green manuring
using Sesbania aculeata about 33 tonnes ha 4 green matter, Farm yard manure (F.Y.M.) @ 10 tonnes
ha-1 and burnt rice husk @ 7.5 tonnes ha"') were applied prior to rice transplanting. Nitrogen levels
were 0, 80, 120 and 160 for rice and 90,120 and 150 kg N ha 1 for wheat and applied in two splits.
Undisturbed soil cores (7 cm I D . and 7 cm in length) were used for determining saturated hydraulic
conductivity using constant head and bulk density at the harvest of rice and during wheat crop season,
drain and straw yields of rice and wheat were recorded.
Results and Discussion: Green manuring decreased the bulk density, increased the saturated
hydraulic conductivity and available water capacity in surface 15 cm soil layer. This treatment
increased the average rice yield by about 100 and 30 per cent when compared with control at 0 and 80
k g N h a 1 , respectively (Table 1).
Table 1: Average grain yield of rice Kg ha 1 (1990-1992)
Treatment

N

Ho

N120
N160
3177
7337
Control
6190
7780
3570
6430
7517
8297
Burnt Rice Husk
7217
5047
8073
8113
F.Y.M.
6397
8067
7967
7783
Green manuring
Mean
6976
7724
7993
4548
C D . (0.05) Amendments (A) 89.2, Nitrogen (N) 65.0), NXA 112.5
0
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Mean
6121
6454
7113
7554
6810

Application of 80 k g N h a 1 alongwith green manuring gave 8.0 tonnes h a ' rice yield, which
was significantly higher than that obtained with and without green manuring at 160 k g N ha'1. Rice
yield declined at 120 and 160 kg N ha' in green manuring, but F.Y.M. and burnt rice husk treatments
increased the yield upto 160 kgN ha 1 . Highest rice grain yield (8.3 tonnes ha ') was obtained in burnt
rice husk treatment at 160 kg N ha'1. The residual effect of green manuring on wheat grain yield was
lesser than either burnt rice husk or F.Y.M. treatment (Table 2). Burnt rice husk consistently gave
higher wheat grain yield followed by F.Y.M. and green manuring at 90,120 and 150 kgNha 1 . Grain
yield (Rice + Wheat) of 12.8 and 13.0 tonnes ha'1 was obtained in burnt rice husk and F.Y.M.
respectively at 160 k g N ha 1 .
For sustaining good yield of rice and wheat, green manuring, where N input is lower and
application of F.Y.M. or burnt rice husk at higher N input is suggested.
Table 2: Average grain yield of wheat kg h a ' (1990-91 to 1992-93).
Treatment

NM

N 120

N 150

Mean

Control
Burnt rice husk
F.Y.M.
Green manuring
Mean

3605
3943
3927
3775
3813

4171
4458
4438
4300
4342

4542
4748
4705
4632
4657

4106
4383
4357
4236
4271

CD (0.05) Amendments (A) 53.9, Nitrogen (N) 79.7, AXNN.S.
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Investigation on the Mechanism of ISFOM in Paddy-rice Field
Dou Sen. Department of Soil Science, Jilin Agricultural University, Changchun,
130118, P. R. of China.
Introduction. It is well known that organic matter plays an important role
in soil fertility. The improving soil fertility by organic manure (ISFOM)
has long been a measure adopted in production. Much work has been done on
the effect of organic manure on the physical, chemical, biological properties of dryland soil, but few work has been reported on these aspects,
particularly about the effect of ISPOM on the chemical characteristics of
humic acid (HA) in the paddy soil. Therefore, comparative studies were
initiated on the mechanizm of ISFOM of paddy soil. The present paper mainly
deals with the effect of pig manure (PM) and rice straw (RS) on the grain
yield'of"rice, the agrochemical and physical properties of the soil, the
status of organo-mineral complexation and humus composition, the optical
properties and struotural characteristics of HA.
Materials and Methods. Soil Samples. Soil samples were taken in autumn,
1986, from the plow layer (0—15 om) of six plots, CK, 0 p , 0 r , N, 0p+N and
Op+N, of a long-term field experiment at Dawa county,Liaoning province,
China. The experiment was laid out in 1978 on a coastal paddy soil with the
texture of loamy clay derived from the Quaternary period marine sediment.
CK represents no application of fertilizer for consecutive 9 years; 0 p is
application of carbon in PM of 1.43Vtt» every year; 0 r is application of RS
carbon 1.43 t/ha yearly; N is annual application of fertilizeiv-N 138 kg/ha;
0_+N and 0 r +N represent the amount of PM and RS for 0 p and Or plus the
amount of fertilizer for N, respectively. Measurements. Activities of C, N
and HA were measured as Dou Sen (1988)^ '. Degree of complexation was
determined as Pu Jiping method. The ALogK value and RF value of HA and
humus composition were analized by Simon-Kumada technique(2). 13C-NMR of
HA was recorded on a Varian-FT-NMR apparatus according to the method described by Hua et al. (1989) and Dou et al. (1990),
Results and Discussion. 1. Effect of ISFOM on the grain yield of rice and
the agrochemical properties of the soil. The rankings of different treat»ment for the mean yield of 9 years were as follows: Op+N(7962 kg/ha)>Or+N
(751l)»p.(7248)>N(715l)>Or(6023)?CK(3823). It can be. seen that the ISFOM
not only increased the contents of organic matter and total N(table l), but
also greatly raised the activity of organic C(C^) and availability of N
(N^). Among these treatments, the RS helped to increase the C^. while PM
helped to increase the NA of the paddy soil. 2. Effect of ISFOM on the

Table 1. Effect of ISFOM on some important p r o p e r t i e s of the paddy s o i l
Treat.
Poros i*y
HCH
Do "

Or
Op+N
0r+N

2.07
3.05
2.45
2.33
2.70
2.17

Ö.126
0.163
0.140
0.138
0.155
0.133

(t)

4276'
43.8
46.5
43.6
44.5
51.8

(t)

5.39
6.04
5.99
5.42
6.13

m
3>_ 4H.7

63.2
64.8
84.7
6O.9
82.7
67.O
60.9
84.4
11.5__ _5_2. 2 _.

8617

75

57.4
55.9
50.9
57.4
52.5

'T8T3""'
80.2
73.9
73.2
80.2
84.I

O.29
0.17
0.18
0.17
O.24
0.18

status of organo-mineral complexation and humus composition of the soil»
Although the content of organic matter increased, the organo-mineral complexation (DC) and the proportion of HA in the extracted humus (PQ) dropped
after the ISPOM except Op for PQ,. This trend can be seen the most obviously
in Or+N, and then in 0 r 'table l ) . These agree with our previous researches
on dryland soil and again demonstrate that high PQ and DC do not necessarily
mean high soil fertility(3),
3. Effect of ISPOM on the physical properties
of the soil. It can be seen from table 1 that the soil porosity and tfee
microstructure coefficient (MC), which was calculated by the formula MC=100<0.01 mm microaggregate $ X 10Ó/<0.01 mm mechanical composition fcf were
markedly increased while the ratio of characteristic microaggregates (RCM),
which was calculated by the formula RCM=<10 /Urn microaggregate TyTlO Aim
microaggregate $, was greatly decreased because of the ISPOM. These results
show that ISPOM increased tie structure capability and the proportion of
large microaggregates in the paddy soil, which resulted in the improvement
of soil physical nature. 4« Effect of ISPOM on the optical properties and
the activity of HA. It can be seen from table 2 that ISPOM led to the
increase of ALogK value, and decrease of the RP value of HAs, which reflect
a low degree of aromatic condensation and infer the presence of relatively
more aliphatic, simple and young HA moleculars.However, single application
of N fertilizer did not have such effect, or the effect was even on the
contrary, which corresponded well the result of our previous researches on
dryland. Application of RS increased the activity of HA (Ha), but the effect
of EM and N fertilizer was just the opposite. 5. Effect of ISPOM on the 1 3 Q Table 2. Effect of ISPOM on some important properties of HAs
üfreat. ~2GögK
SP
Tïa
'Ca.rbonyT"^ Aromatic 'f Ö-Alkyl-^
Alkyl %
(f)
(l60-200i>pm) (I10-I60ppm) (50-110ppm) (0-50ppm)

ÜE

Ö75ÜÖ"—7&nritt

3T7Ï

3577

227?

2575

Op
0r
N
Op+N
Or+K

0.653
0.628
O.598
O.676
0.651

10.7
12.3
9.7
13.3
13.8

28.7
34.2
34.3
29.5
31.1

26.5
27.8
29.1
31.4
30.2

34.1
26.8
26.9
25.6
_23.4

36.7
43.2
53.7
36.3
32.9

68.4
76.0
68.0
85.2

NMR spectra of HA. Table 2 showed the changes of the relative contents of
various kinds of C in HAs after ISPOM according to the results of 13C-NMR.
In general, ISPOM decreased the content of aromatic C while increased the
content of aliphatic C in HA ( aliphatic C = O-alkyl+alkyl). The ratios of
aliphatic C to aromatic C increased remarkably, from 1.23 of CK to 2.11 of
Op and 1.60 of 0 r . However, the PM mainly increased the alkyl C content and
the RS increased 0-alkyl C content in aliphatic C of HA.
Literature Cited.
(l) Dou Sen. 1988. Systematic studies on effects of application of organic
materials on the structural characteristics of humic acids in soils.
Ph. D« thesis. Shenyang Agricultural University. 229 P«
\ 2 ) Kumada, K. et al. I967. Humus composition of mountain soils in central
Japan with special reference to the distribution of P type humic acid.
Soil Soi. Plant Nntr. 13: 151-157.
(3) Dou Sen. et al. 1988. Effect of application of organic materials on the
humus composition and optical characteristics of humic acids in organomineral complexes. Acta Pedologica Sinica. 25: 252-261.
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The application Advantages of Non-Conventional Mineral
Resources of Azerbaijan for Stabilising Fertility
I.Sh. Iskenderov. Institute of Soil Science and Agrochemistry, Baku
The last decades have been characterized by gross infringements of agricultural practices and land
improvement measures because of lack of the owner of the land. This caused exhaustion of land
fertility and, as a result soil is degradated in different regions nutritive regime violated,
salinization, packing, erodibility, industrial waste and soil production pollution and sometimes
heavy metal poisoning are observed. It tells in a very marked way on the drop of fertility of the
major agricultural crops (cotton, cereals and fodder crops) inducing various ecological
consequences. The goal in view is the reduction and stabilization of the lost fertility
improving soil properties.
On the development problem there has been made an attempt to group principal trends and sections
of modern soil minerology: minerology of soil formation process, minerology of soil formation
process, minerology of soil mass, organic mineral compound, minerological backgrounds of soil
fertility, minerology and energetics of soil formation, soil micromorphology, methods for
minerological analysis, non-conventional mineral components and effects on mineral part of soil
and soil improves. Generalizing world's experience in non-conventional mineral components applied
in husbandry we distinguish soil improves for solonetz and salty soils, physical properties and
agrochemical indexes.
Soil improvers of non-conventional mineral components are presented by natural zeolites, sediments
of high turbid river waters and high magnesite serpentinites.
Zeolites (klinoptilomite) are used to prohibite crust formation in the process of coton growing,
to improve water-air regime in the conditions of dry and irrigated agriculturel for corn growing
Investigations results on application natural zeolites in soils have been reported by the author
at the 1st International Congress for soil science. We present here the results on the other
pearlite encountered in Azerbaijan is of two ages: mezozoics and of re-crystallization, water
content and other components. They are mainly of Whitish, light-grey, sometimes brown, light
violet color. If carried out, investigations using microscope show exclusively glass of sinus
structure.
Porosity of pearlites varies within 39-43%, more porous differences are classed among pemuches.
Dimension of pores are over 0.01-0.06mm. Pores have rounded, oval, elongated sharp. The increase
in water and gas content is observed with increasing porosity. Index of refraction changes within
1.493-1.500. After high-temperature hot processing (1000-1100C) they swell and transorm into
porous light mass due to emitting volatile component. Pearlites are classified: mong potassium
bearing rocks in accordance with potassium bearing rocks in accordance with potassium content.
Works in pearlite applications have been carried out in sierozemlike meadow heavy-packed soils.
Experiments showed favourites effect of swelled and wet pearlite on cotton growth and development.
Swelled and wet pearlite has been applied into soil in account of 5,10,20,40 t for I ha. The best
effect on raw cotton yield was achieved at applying swelled pearlite into the soil in account of
20 t for I ha, the total yield was increased by 4.3 centner/ha or 28.6% against the test one.
Better effect when applying raw pearlite was obttained at or 1.3% against the test one.
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Favourite consequeces of swelled pearlite application for 5 years after one-time application allow
us to recommend it as soil improver.
Serpentinites, high magnesium raw material over Minor Caucasus, are presented by dense massive
rock of greenish-grey, green and sometimes black color. Application of grinded serpentinite into
sierozems meadow soil against a background of in nitrogen-100, phosphorus-100 potassium-90 kg/ha
in account of 5,10,20 t for I ha proved to be effective and increase in raw cotton yield was
Among these alternatives the best
within 0.5-2.6 c/ha or 2.3-13.9% against test one.
effectiveness was observed at 10 t/ha of grined serpentinite.

Table I. Percentage of chemical elements.
N%

so2

1.
2.
3.

72.9
34.6
66.0

A1 2 0 3 F e 2 0 3 FeO
13.8
1.2
11.7

0.7
5.1
2.2

0.01
2.49
0.01

MgO CaO

MnO
0.01
0
0.1

0.01
42.6
1.32

1.18
0.17
3.80

NH20 K 2 0
4.02
0
1.36

4.17
0
1.28

Ti02

so3

loss.

0.1
0.1
0.1

0.6

3.5
13.4
11.7

0.3

1 - pearlite; 2 - serpentinite; 3 - zeolites.

In the process of river waters purification for communities and big cities in Azerbaijan clay
sediments are formed in amount of 3-5% of the volume purified water. The sediments are
characterized by inducing pronounced potential of fertility. Organic materials amount to 0.80%,
gross nitrogen, phosphorus, clacium to 0.10; 0.40; 2.5% respectively.
Favourite effect of clay
sediments on improvement revealed, after different doses of sediments have been applied the values
of absorption capacity and maximal hygroscopic moisture are have markedly increased, a content of
valuable microagreggates has increased in 1-1,5 times.
Sediments of water classification sturcture have been applied into sand gray-brown soils in
account of 5,10,20 and 30 tons for I ha aganst a background of mineral fertilizers and manure.
Depending on the alternatives of the experiment the increase in egg-plants yield was ranged from
6.6 to 20% against the test one. The most efficient application proved to be that of 20 t/ha
(N120 P120 K90), manure - 20 t/ha.
Nowadays the method for granulating finished products with enrichment of sediments with organic
substances, package and efficient transportation is under development.
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Forage legumes - the means to reverse tropical soil
degradation with low inputs?
R J. Thomas, I.M. Rao, M.A. Ayarza, J.I. Sanz, T. Decaens, G. Rippstein, A.J.
(lijsman and P. Lavelle*
Centro Internacional de Agricultura Tropical, Apartado Aereo 6713, Cali, Colombia,
•ORSTOM, Centre de Bondy, 93143 Bondy, France.
Introduction. Forage legumes have traditionally been used for feed and the replacement of
soil N removed by cropping in ley farming systems. In tropical soils however there is little
tradition of ley farming and yet these soils are undergoing degradation in all of the
agroecosystems of tropical Latin America. Here we present evidence to indicate that forage
legumes have the capacity to reverse soil degradation.
Materials and Methods. Data presented is taken from a long-term grass (Brachiaria
decumbens) and grass/legume (Pueraria phaseoloides or kudzu) pasture at the ICA-CIAT
Carimagua research station in the Colombian "llanos", 4° 30 N, 71° 19 W with 2200 mm
rainfall and a four month dry season. Soils are oxisols (tropeptic haplustox isohyperthermic)
with low amounts of available nutrients and pH 4.5. Details of the pasture establishment
and stocking rates from 1978-1989 have been published elsewhere (Lascano & Estrada,
1989): The legume content of the pasture averaged around 35% over 10 years. Fertilizer
was added at establishment and every two years until 1987. In total the grass only pasture
received over 10 years kg/ha; 73 P, 36 K, 370 Ca, 32 Mg and 44 S, while the grass/legume
received similar amounts of Ca but 76 P, 53 K, 39 Mg, 57 S.
Results. Some chemical, physical and biological characteristics of soil under grass or
grass/legume are shown in Table 1. There were little or no differences between pastures
in soil organic matter or total N. However 13C isotope analysis revealed that there was
around 25% legume C in the top 4 cm soil of the grass/legume pasture and potential rates
of N mineralisation were greater in the soil of the grass/legume pasture compared with the
grass only pasture. Organic P contributed greater amounts to the total soil P under the
grass/legume compared with grass only.
There were little differences between pastures in soil physical characteristics such as bulk
density, infiltration rates, porosity although there were some indications of greater wet
aggregate stability in soil under the grass/legume.
Although rates of organic matter decomposition were similar, the release of nutrients such
as N, P, K and Ca were greater with the legume compared with the grass indicating the
potential for faster rates of nutrient cycling via litter in the grass/legume pasture compared
with the grass only pasture (Thomas and Asakawa, 1993). Soil biological activity as
measured by the biomass of earthworms was substantially greater in the presence of the
legume. The species biodiversity of earthworms and other soil fauna was similar under the
pastures and equal to that of a nearby gallery forest and native savanna. Increased soil
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fertility under the grass/legume pasture has been demonstrated with an extra yield of 1.7
t/ha of upland rice planted after the pasture in 1989 in treatments receiving no N fertilizer
The contribution of legume-N to the crop was estimated to be equivalent to 95 kg fertilizer
N/ha with a further 45 kg N/ha in a second successive rice crop harvested in 1990.
Conclusion. The data demonstrate the ability of a forage legume to improve; soil fertility
and organic matter quality, nutrient cycling, soil structure, soil biological activity; to
maintain soil fauna biodiversity and increase fauna biomass. These findings, together with
the known ability of legumes to fix N and of pastures to drastically reduce soil erosion
compared with monocropping, offer a means to recuperate degraded lands at relatively low
cost in agroecosystems currently being over-exploited by resource-poor land users.
Soil parameter

B. decumbens

B.decumbens/kudzu

Organic matter % 0-10cm

3.81

3.87

Total N %

0.126

0.114

0-lOcm

%legume C in 0-4cm

0

25.1

N mineralization potential ug
N/g/d (0-20cm)

3.86

6.84

% total P as organic P

24

33

Wet aggregate stability
% (high disruptive force) (010cm)

74.5

78.2

Mean aggregate size (mm) (010cm)

1.78

1.82

Rates of litter decomposition k
(day"1)

0.002

0.002

Earthworm biomass(g/m2)

18.7

40.9

1.36
1.40

3.07
2.22

Yield subsequent rice (t/ha) 1st crop
2nd crop
References

Lascano C.E. & Estrada J. XVIIGC, Nice, France 1179-1180 (1989).
Thomas RJ. & Asakawa N.M. Soil Biol. Biochem 25: 1351-1361 (1993).
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maize under dryland conditions
M. S. Maskina and J. F. Power. Punjab Agricultural University Regional
Research Station, Ballowal Saunlchri, P.O. Takarla Via Balanchaur, District
Hoshiarpur 144 521 India.
Introduction. Fertilizer requirement and nutrient availability in the soil are influenced by soil
fertility and crop residue management. All crop residues contain an appreciable amount of plant
nutrients and therefore have values for soil productivity maintenance if they are returned in soil
where they decay and release nutrients for subsequent crops. Returning residue also improves soil
organic matter which is important for soil structure, soil and water conservation and soil microbial
and fauna activity (Doran, 1980).
Materials and Methods. Field experiments were conducted under tropical (India) and temperate
(USA) conditions to study the effect of crop residue under til and no til systems at Ballowal
Saunkhri (India) and Lincoln (USA) on sandy loam and silty clay loam soils respectively. The
climate is continental with 70 to 80% of 900 and 700 mm annual precipitation falling during July
to September at Ballowal Saunkhri and April to September at Lincoln, respectively. The
experimental sites were nearly levelled. Under tropical conditions the residue of previous crop
was mixed thoroughly by tilling the field whereas under temperate conditions it was left on the
surface in no til practice. The yields were recorded on maturity of the crop under both the
situations.
Results and Discussion. Under tropical conditions wheat straw incorporation (4 t/ha) reduced
following maize yield but this adverse effect was got reduced in second year due to release of
nutrients with time under slow decomposition process of wide C:N ratio (70-80) wheat straw.
Maize stover mixing improved following wheat yield (Table la). Similar results were reported by
Hooker et al (1982). Combined application of inorganic nitrogen and crop residue showed
favourable effects on yield of both the crops. A good deal of variation in an uptake was noticed
with source of N applied (Table lb). There was a considerable improvement in organic carbon
and available nitrogen content after incorporation of four crop residue in two years continuosly
(Table 2a). Maskina et al. (1987) reported favourable effect of crop residue under irrigated
conditions. Bulk density and microbial mass varied with quantity of biomass added (Table 2b)
under temperate conditions.
Study conducted in Lincoln showed a significant increase in three year average yield of corn by
leaving the residue of previous crop in the field under no til system (Table lc). Grain yield varied
significantly by rate of previous crop residue and N fertilization. An increase in quantity of residue
left in the field significantly improved corn yield. Power et al (1986) reported favourable effects
of crop residue on maize yield.
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Table la. Effect of crop residue on grain yield and N uptake. Crop yield (Ballowal Saunkhri).
Wheat

Maize

Sources
Fertilizer Crop Residue

r1991

1992

Mean

1060
2320
1570
590
1210
600

1240
2500
2040
990
1990

1150
2410
1810
790
1600

N (kg/ha)

0
0
0
40
-10

P
80
40
0
40
CD 5%

1991
Grain (kg/ha)

1300
2450
1980
1760
2070
313

475

1992

Mean

1550
2600
2030
1940
2420
383

1420
2520
2000
1850
2240

O

\Q
bo

Table 2a. Effect of crop residue on soil properties after 2 years study (Ballowal Saunkhri).
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Available N

Treatment
Fertilizer
Crof Residue
N (kg/ha)
0
SO
40
0
40

0
0
0
40
40
CD at 5%

Content at the start of the Experiment
Table Ic

(kg/ha)

(%)

55.1
63 4
62.71
60 17
68 94

67

0.35
0.39
0.38
0.48
0.56
0.06

51.0

0.32
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3950
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4370
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Maize grain yield as affected by previous residue rate and N fertilization (Lincoln).
Previous residue rate

1

A

bo u> o '-j '—

Organic Carbon

?r

4620
4870
4830
5360
4920
380

The results show that the residue addition could be helpful to sustain the soil productivity on long
term basis under both til and no til soil conservation systems depending upon the climate and soil
conditions
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Yield Components of Beans (P. vulgaris L.) and their Response
to Nitrogen and Population Density
L. Enrique Escalante E., and J. Alberto Escalante E. Colegio Superior
Agropecuario del Estado de Guerrero, Iguala, Guerrero, and Centro de Botanica,
Colegio de Postgraduados, 56230 Chapingo, Mex,. Mexico.
Introduction.The nitrogen ans phosphorus are an essential
component of the biochemical"constituents that drive the
processes of growth and yield of the crops. So,the nitrogen
and phosphorus fertilization is a factor of importance for
crop production. It has been demonstrated that yield of dry
beans was increased with nitrogen (2) and phosphorus (3) but
the dynamycs of this response has been little studied. We did
in this work. On the other hand,with increased population
density, the yield also was increased but no at all (1) . This
indicated that insufficient nutriments can be a possible cause
of this response.
The
aim
of
this
study
was to
determinate the effect of nitrogen and density populations;and
phosphorus on the yield components of dry beans.
Materials and Methods. A series of field experiment were
conducted in Iguala Gro. (18°22'N,99°33'W and 635 m altitud,
hot climate) and Chapingo, Méx.(19°30'N,98°51'W,2250m altitude , temperate climate).
I.Experiments with nitrogen fertilization and population
density. In Iguala and Chapingo the treatments were: N
fertilization to rate of 0 and 100 kg ha-1 and population
density of 10 and 17 plants m-2 in rows of 7 5 cm apart. The
variety used was Michoacan 12-A-3 (M12) an indeterminate habit
growth type bush bean. The planting was in July 15/1988
(Iguala) and May 7/1992 (Chapingo) during rainy season and
unirrigated.
II. Experiments with phosphorus. In Iguala the treatments with
P fertilization were 0 and 40 kg ha-1. The cv. M12 was
planting during rainy season and unirrigated on July 15/1988.
In Chapingo, the P rate were 0 and 100 kg ha-1. The cv.
Cacahuate 72 was planting on July 15/1993. The population
density was 13 plants m-2 in rows 75 cm a p a r t . The
experimental design was a randomized complete block with 4
replicates.
Results and Discussion. The results shown in the figure 1,
indicated that in both localities, the N fertilization and
high population density, the yield of beans was increased.
This was a consequence of the feature that yield principal
components, e.g. seed number and pod number were increased
with these agronomic practices. On the other hand, the P
effect showed in the table 1, indicate that in both localities
the yield was increased with the P fertilization. The seed
size and seed by pod were the component responsable of this
increase. In conclusion these results indicate that with N
fertilization can get increases in the beans yield by the
increase in the seed number and pod number and also with P
fertilization by the increase in the seed size and the seed by
pod.
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Table 1. Yield and components as are affected by P
fertilization.
P

Seed size(mg)
CH
IG

Seed by pod
IG
CH

IG

Yield m-2
CH

63
92

64
116

121
135

452
526

2.4
3.4

1.9
2.7

Prb.F *

*

*

*

*

*

PO
P+

*P<0.05;P0=Soil a t n a t u r a l f e r t i l i t y .
P+=100 kg ha-1 (Chapingo,CH) and 40 kg ha-1 ( l g u a l a , I G ) .
Seed number and pod number do not affected by t h e t r e a t m e n t s .

Fig.1.Yield (a), seeds(b) and pods(c) as are affected by
N fertilization and population density. (NO-^OON)
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INTERACTION BETWEEN FERTILIZER AND WATER AND THEIR
COUPLED MODEL IN DRYFARMING ÏN LOESS PLATEAU
Dian Qing Lu
Institute of Soil and Fertilizer, Shaanxi Academy of Agricultural Sciences, Yangling, China

Low soil fertility and dry weather, especially the deficiency of N and P, 'ack of soil water are
the main limiting factors for agriculture in loess plateau. Although many people have done much
work on it, but most of them only tended to study the a'.oi.e effects of the F (fitilizer) or W (water).
The interaction for F and W and their coupled model almost have not been researched yet. In past
several years we systerr ".tically studied this problem in order to establish the model for "Determining yield with water" and "Determining fertilizer needed with water".
The following methods were adopted in this study: The pot experiments were conducted in
green house with F and W two factors and four levels. The small plot experiments in the field were
finished under the dry house, using regression design with N, P, W three factors and five levels, in
which the water was simulated to the local rainfall in year, month and ten days. The field trails
were carried out in three big zones and eleven agro—ecological regions. Meanwhile the soil moisture and precipitation were measured and recorded. About more one thousand trails have been
done for this study.
I . Response of crops to the fertilizer and water
P applied increased the weight of wheat roots by 2.62 times as compared with no P. The soil
water uptake by plants increased more 1432.5 m3 / ha with P treatment and more 210 m 3 / ha with
N treatment than that of without fertilizer within 2 meters of soil layer. In jointing stage of wheat
the soil water potential and free water content in leaves were increased with the increase of fertilizer and the bound water in leaves was conversed. It means that fertilization could improve the soil
water availability and supply sufficient water to crops. In late stage of wheat growth, the soil water
potential and leaf water potential decreased with the increase of fertilizer. Decreasing leaf water
potential is benifit for resistance to the water stress. Usually rational fertilization in dryland could
make the rainfall to produce wheat yield from 0.2 — 0.4 k g / mm at without fertilizer up to more
0.8 k g / m m .
Sufficient soil water markedly improved the fertilizer efficiency. The correlation between the
N and P uptake by wheat and the soil water content was a linear function, with r= 0.9258* * —
0.9925 * *. The correlation of wheat yield and soil water content was fit the Mitscherlich equation,
with r = 0.91 *—0.99* ". The available P and N in soil with sufficient water could be as twice again
as soil with defficient water.
11. Interaction for fertilizer and water
The pot experiments showed that the interaction for F and W at relative soil water content
54% and 67% were both synergistic and the two components were a Liebig-type limiting factor.
When soil water at 80%, the interaction for F and W were the sequential additivity, and the F and
W were the Metscherlich-type limiting factor. In field plot experiments under dry house the
interaction for N and W were the synergistic, but for P and W were the antagonistic, the former
both N and W were Liebig-type limiting factor, and the later both were the antagonistic factor.
For the later, it is due to high available P in soil. But when the N, P and W three imputs were used
together, each component became a synergistic interaction and Liebig-type limiting factor. The
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order of efficiency was three imputs > two imputs > one imput. It strongly proved that N, P and
W which can limit yield must be brought together and correlated so that the high yields are available. In fact we already have got wheat yield more 7.5 T / ha in this area.
HI. Coupled model of F and W response
1. Direct coupled model of F x W response
On the base of simulated experiment under the dry house, the direct coupled model was established:
y= 168.0+11.096x1+6.523x2+12.4179x3-6.9699x;- 6.9699x1
-1.375x5+3.0OO9x,x2+6.5902x,Xj+3.0237xjX3
•
(1)
in which y • wheat yield, x,,x2,Xj = N, P, W respectively. F = 881.529 (F 005 = 241, F 0 0 1 = 602),t
test for each regression coefficient were significant or extrtrae significant. R • 0.9999. It means that
this model is correct and useful for prediction.
2. Transfered coupled model of F and W response
From results of the pot experiment the fertilizer response equation was derived:
y = b0+b,x+b2x2
(2)
Because bj=f(W), then the linear function could be expressed as follows: b 0 =-3.456+15.5W,
r = 0.97* *; b! =-16.983+57.05W,r = 0.993* *; b 3 = -8.827+28.69W, r = 0.999* *. Then equation (
2) might transfered to the following model:
y=(-3.456+15.5W)+(-16.983+57.05W)x,-(-8.827+28.69W)x2
(3)
for which r = 0.976* * (r001 = 0.606). It proved that this model can be used as the base to establish F
x W response coupled model for the field trails.
Many results have been got from a lot of field trails and established eleven quadratic equations for eleven agro-ecological regions. The general formula expressed as
y = b0+b1x1+b2x2+bjx1x2+b4xj+bsx2
(4)
Substituting the bj = f(W) into equation (4), the transfered coupled model could be obtained:
y = (A0+B0Wi)+(A1+B1Wi)X1+(A2+B2Wi)X2+(A3+B3Wi)XlX2
+(A4+B4Wi)X2+(A5+BsWi)X2:
(5)
in which Wi may be base water ( soil available water content before sowing within 0-200 cm soil
layer), or reception water ( including precipitation and irrigation water) during the growing
seaason, or total water (including base water and reception water). When Wj=base water,
r= 0.9782* "; when W, = reception water, r = 0.9809* "; when W; = total water, r = 0.9669* *, the r
is correlation coefficients between the calculated yields and practical yields. When modle (5) is
used for prediction, the aim yield should be determined at first, for this the following water response modles were set up:
y = -30.652+0.9966WB (r = 0.8917**)
(6)
y = -16.5016+0.825W„ (r = 0.9451")
(7)
y = -113.2975+0.6041 WT(rm 0.9703 * *)
(8)
All the results indicated that interaction for F and W can play a very important role in development of dryfarming and the above coupled models of Fx W response arc very powerful tool for
realization of 'Determining yield with water' and "Determining fertilizer needed with water" in
loess plateau.
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New Concepts of Underground Water Regime and Soil
Reclamation in Seasonal Frozen Soil Regions
Zhao Hongshu. Heilongjiang Province Hydraulic Engineering Surveying
Designing Institute, Harbin 150080, China

and

A new classification of underground water types in seasonal frozen soil
region was made according to determination date of underground water in
earth surface. Based on this new classification, we put forward a new
concept concerning underground water regime and soil reclamation.
X . Distribution of Seasonal Frozen Soil and Underground Water Regime
Heilongjiang Province of Northeastern China has a distribution of
orthic seasonal frozen soils, characterized by a long frozen period,
thick frozen layer and low- rate thawing. Results of two years
determination of underground water regime showed that there are a large
amount of dynamic gravitional water residue before thawing. When the
frozen layer thaws, the gravitional water residue quickly move down to
supplement underground water under frozen layer. Thus, the underground
water table obviously is increased. This showed that the underground
water in earth surface in frozen soil region are composed of water
above frozen layer, water under frozen layer and water which is mixed
by above-metioned two water. It reflect the underground water regime
near earth surface in seasonal frozen soil regon.
H . Underground Water Regime in Seasonal Frozen Soil Region and New Concept
1. Soil Salinization
There are a large area of soda-saline soil with a high salt content
in Song-Nen Plain of Northeastern China. In the past, it is believed
that soil salinization is caused by underground water above critical
depth. But in the strong salinization period, spring, the underground
water is under frozen layer, which is the lowest water table period in
the year. This showed underground water can't result in soil
salinization in spring. However, the new concept of underground water
regime can explain the cause of soil salinization exactly. It means
that the soil salinization in spring in Song-Nen Plain occur in above
frozen layer.
2. The Cause of Waterlogging and Its Reclamation
Before the frozen layer is thawed, it takes a action of impervious
stratum. The soil thawing water, snow water, irrigation water and
precipitation etc form underground water above frozen layer and increase
the water table, which results in waterlogging. In the frozen period,
the horizontal drainage ditch is difficult
to drainage waterlogging
water. Therefore, it should apply drainage well through frozen layer to
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make the waterlogging water supplement underground water under frozen
water as the waterlogging water forms.
3. Irrigation Regulation
In seasonal frozen soil region the irrigation water amount should
calculated as following: Total water consumption = water consumption
irrigation water + water
before frozen layer thawing + increased
consumption after frozen layer thawing. The water consumption
before
frozen layer thawing include soil pore water, soil surface water, water
evaporation, plant evapotranspiration and rice water consumptoin.
The
increased
irrigation water is equal to soil pore content or depth
between low layer of frozen and underground water surface below frozen
layer. The water consumption after frozen layer thawing include water
consumption before layer thawing and percolating water.
4. Analysis of Hydrogeological Output and Input
The water above frozen layer and frozen layer could be applied to
explain the formation process of chernozem and meadow soils.
5. Stickiness of Road and Protect
In the spring there are ofen
stickiness phenomena of road in
seasonal frozen soil region. This road stickiness is related with the
upperwater of frozen layer and its dynamics. According to underground
water regime, the following method
to protect road thickiness are
effective. (1) to prevent the formation of upper water of frozen layer,
(2) to drainage upper water of frozen layer.
These methods are put
forward according to frozen layer and new concept of underground water.
In summary, the underground water near earth surface in seasonal
frozen soil region are composed of water above frozen layer,
water
below frozen layer and water mixed above-mentioned two waters,
namely
upper water of frozen layer, underground water of under frozen layer
and underground water. The new concept of seasonal frozen layer and
upper water of frozen layer can apply to study the soil formation
process, soil salinization,
irrigation and drainage,
hydrogeological
analysis and road stickiness protect etc in seasonal frozen soil
regions.
Literature Citted.
(l)Zhao Hongshu. 1991. Underground water regime and its study methods in
seasonal frozen soil region. Acta Pedologies Sinica 18(4):
(2)He Wanyun (Editor). 1992.Soils of Heilongjiang Province Agriculture
Press, Beijing.
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Nitrogen Mineralization and Nitrification in Piedmont Soils
Mixed with Crop Residues
G. B. Reddy, and J. Shin. Department of Natural Resources and
Environmental Design, N. C. A. and T. State University, Greensboro, N.C., USA.
Incorporating crop residues in soil will have several
beneficial effects such as increased N availability, improved soil
structure, conservation of soil moisture, reduced soil erosion,
serving as a substrate for overwintering of phytopathogens, and
reducing potential N pollution. Nitrogen mineralization potentials
( N Q ) have been widely used as a means to determine the effect of
tillage practices, manure or plant residue soil additions, crop
rotation and N fertilizers on soil fertility. Whereas,
nitrification rates are useful for groundwater contamination.
Nitrogen mineralization and nitrification are being a time
dependent processes, the rate of mineral N supplied by the soil
(when mixed with crop residues) as a function of time should be
considered for N fertilization. The N mineralization of crop
residues was extensively studied. However, such studies are
lacking in Piedmont soils of North Carolina to predict the N supply
of soils when incorporated with crop residues or in no tillage soil
systems. The objective of this study was to determine the net N
mineralization and nitrification in selected Piedmont soils mixed
with corn and soybean residues.
The selected Piedmont soils used in this study were Enon sandy
loam, Mecklenberg silt loam, Chewcla sandy loam and Wehadkee sandy
loam. In all soils pH was adjusted to 6.8 with CaC03Crop
residues were corn and soybean (stem and leaf mixture of 1:1)having
45:1 and 30:1 of C:N ratio, respectively. Each soil was air dried,
crushed to pass through a 2 mm sieve and mixed thoroughly. Plant
residue at the rate of 60 kg N/ha were mixed with 100 g of soil and
placed in a syringe. Moisture in ttie soil-plant residue mixtures
was kept at 6 5 % field capacity. The syringes were incubated at 30_+
1°c. Five grams of soil was collected from each syringe at 1 , 2 ,
3, 4, 6, 8, 10, 14, and 18 weeks of incubation. Inorganic - N
(NH 4 and NO3) were extracted from s'oil in 1 M Kcl solution and
analyzed by using Technicon Auto Analyzer II (Bran-Lubbe).
The net N mineralization and nitrification values were
calculated. Nitrogen mineralization potentials ( N 0 ) were estimated.
Mineralization increased with incubation time in all three soils
(Enon, Chewcla and Wehadkee). Whereas, in Mecklenberg soil with
corn and soybean residues N mineralization was slightly declined
after 14 weeks. Simi 1 ar results were also observed fornitrificatioa
At 14 weeks net N mineralization was 116.3 and 93.3 ug g~1 for
soybean and corn residues, respectively. Piedmont soils showed
significant differences in N mineralization and nitrification at
various incubation times. Interaction between crop residues and
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soils was not s i g n i f i c a n t . N i t r o g e n m i n e r a l i z a t i o n potential
values also varied with soils and pld.it r e s i d u e .
Nitrogen
m i n e r a l i z a t i o n and n i t r i f i c a t i o n rates were s i g n i f i c a n t l y h i g h e r
in soils mixed with soybean plant r e s i d u e than corn r e s i d u e . This
study shows that the crop r e s i d u e s having > 30:1 (C:N r a t i o ) will
take a longer time to m i n e r a l i z e "N in P i e d m o n t s o i l s .

Nitrogen Migration and Losses With Surface and Drainage
Waters on Slopes
Irina Petrova. Department of Soil Erosion, Pushkarov Inst. Soil Science and
Agroecology, Sofia, Bulgaria
Introduction. The determination of nitrogen migration by surface and lysimetric waters plays a
significant role in the evaluation of the ecological problems in agriculture as it servers to
predict the nitrogen non-productive losses which are a potential source of environmental
pollution.
Materials and Methods. A five-years(1985-1989) exaperiment on a leached cinnamonic forest soil,
moderately to strongly eroded, was carried out on the south-eastern side of a 10 ° gradient near
Sofia, Bulgaria. The soil test showed the topsoil to have:pH in KC1 of 4.2 and to contain 1.8
humus; 0.103 % total nitrogen; 0.176% total phosphorus; 13.9 mg/1000g soil-available nitrogen; 8.8
mg P 2 0 5 and K 2 ° 2 7 - 5 mg/100 g s o il.
The experiment included the application of two fertilizer rates and different types of land
use:a/black fallow;b/a closed canopy crop(wheaL sainfoin, pea-oat mixture); c/a row crop(maize,
potatoes). On stationary run-off plots of 16m , hydrologically isolated, with catchers for the
surface runoff and lysimetric appliances for catching filtration water at a depth of 20 and 60 cm
from the soil surface, the quantity and the concentration of nitrogen were dynamically read.
Results and Discussion. The amount and season dynamics of the atmosphere rainfall significantly
influence the size of the water -erosive and the infiltrtation losses of nitrogen connected with
soil fertility.
[no/ha]

L«^/haJ

'heat

p e a - o a t mixture

«ain/oin

[Kj/haJ

mane

potatoes

Fig.1 shows the rate of nitrogen leaching(%) by solid and liquid runoff and lysimetric water.
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The movement of soil nitrogen from the arable land to the rivers and water basins, as well as the
infiltration of rainfall water and water rich in soluble nitrogen, depend on the soil properties,
the nature of rainfall, the type of land use and the vegetative canopy.
In the context of tackling the ecological problems in agriculture the determination of nitrogen
migration by surface and lysimetric water serves to predict the amount of non-productive nitrogen
losses which are a potential source of environmental pollution.
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Nitrogen Leaching from Organic Waste Applied to Pasture
Soils in New Zealand
K.C. Cameron*, A.W. Rate and P.L. Carey. Department of Soil Science, Lincoln
University, Canterbury, New Zealand.
Introduction. Contamination of groundwater can occur following land spreading of organic wastes
(e.g. pig slurry, dairy farm wastes) (1). It is, therefore, important that spreading of waste materials
is managed correctly. Appropriate rates and times of application need to be determined to ensure
that maximum benefit to plant production can be achieved without compromising environmental
quality. The objectives of this study were to measure: (i) nitrogen (N) leaching losses from
lysimeters receiving different rates of pig slurry; (ii) nitrogen uptake by pasture plants, and (iii)
nitrogen losses by ammonia volatilization from pig slurry.
Materials and Methods. Twelve undisturbed monolith lysimeters (500 mm diameter x 450 mm
deep) were collected from a shallow stony silt loam pasture soil above an important aquifer recharge
zone in Canterbury, New Zealand. The potential for edge-flow between the soil monolith and the
lysimeter casing was suppressed using a petrolatum sealant (2). Pig slurry was applied to the
surface of the lysimeters at three rates (with four replicates at each rate): 0 kg N ha"1 ('control'
treatment); 200 kg N ha"1 ('low rate' and current maximum permissible annual rate); 600 kg N ha"1
('high rate'). Natural rainfall received by the lysimeters was supplemented each month by simulated
rain, to bring the total input up to the 75th percentile of the monthly rainfall for the district.
Ammonia volatilization was measured for a two week period after slurry application using an
enclosure method (3). Leachate was collected from each lysimeter in drainage increments of
approximately 10 mm and analysed for nitrate (N03") and nitrite (N02") using anion exchange
chromatography, and ammonium (NH4+) using an autoanalyser technique. Pasture was harvested
at 20 cm height for dry matter yield and nitrogen content determination.
Results and Discussion. Most of the ammonia volatilization loss occurred within the first seven
days after application. The total ammonia loss represented 10% of the N applied at the
200 kg N ha 1 rate and 8% at the 600 kg N ha"1 rate.
Over the first year following application only a small amount of nitrogen (10.3 kg N ha"1) was
leached at the low application rate. This represented approximately 5% of the N applied and only
a small increase in leachate nitrate concentration (see Figure 1 below).
An equivalent of 121 kg N ha"1 was leached from the lysimeters that received the high rate
of slurry. This loss represented approximately 20% of the N applied. High concentrations of nitrate
(> 50 mg N03-N L"1) were detected in the leachate over the first year of the experiment.
Grass nitrogen concentrations were considerably higher in the slurry treated lysimeters
(3.1% N at the low rate; 3.7% N at the high rate) compared with the controls (1.3% N). Slurry
application at 200 kg N ha"1 almost doubled the amount of pasture production over the first year,
with a nitrogen use efficiency of 15 kg dry matter (DM) per kilogram of N applied. Slurry
application at 600 kg N ha"1 also resulted in a considerable yield increase, but a lower N use
efficiency (8 kg DM per kg N applied). Over 47% of the applied nitrogen was recovered by the
pasture at the low rate of application , and approximately 27% at the high rate.
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Figure 1. Nitrate concentrations in leachate after applying different rates of pig slurry to lysimeters.
Conclusions. It can be concluded that the application of pig slurry at 200 kg N h a ' V 1 t o this
pasture soil would not result in any greater impact on groundwater quality than many other
agricultural practices (e.g. plowing pasture) (1). Application at 600 kg N ha^yr"1 would adversely
affect groundwater quality due to the high concentrations of N in the leachate.
Literature Cited.
(1) Cameron, K.C. and R.J. Haynes. 1986. Retention and movement of nitrogen in soils. In R.J.
Haynes (ed.) Mineral Nitrogen in the Plant-Soil System. Academic Press, Orlando, pp. 166241.
(2) Cameron, K.C., N.P. Smith, C.D.A. McLay, P.M. Fraser, R.J. McPherson, D.F. Harrison and
P. Harbottle. 1992. Lysimeters without edge flow: an improved design and sampling
procedure. Soil Science Society of America Journal 56: 1625-1628.
(3) Black, A.S., R.R. Sherlock, N.P. Smith, K.C. Cameron and K.M. Goh. 1985. Comparison of
three field methods for measuring ammonia volatilization from urea granules broadcast onto
pasture. Journal of Soil Science 36:271-280.

95

Simplefieldtesting sites to determine the extent of nitrogen
emission from agricultural areas
P. CEPUDER
Universitv of AgricuUme, Forestry and Renewable Resources,
Institut for Hydraulics and Rural Water-Resources Management'
NussdorferLaende 11
A -1190, "Vienna, Austria
Nitrogen in the form of nitrate is one of the fundamental nutritive substances for plants. High
rates of mineralization beyond the season of vegetation and exaggerated fertilizing increase the
capacity for leaching of nitrogen down the soil profile. In this way the nitrogen is lost from
agricultural areas and may, moreover, pollute the ground water with nitrate. For some years the
Institute for Rural Water-Resources Management at the University of Agriculture in Vienna has
been discussing the problem of nitrogen leaching in agriculturally used areas. The current
research is done with respect to shallow and deep soils with different degrees of cultivation and
different N fertilizer carriers (e.g. mineral fertilizers, liquid manure, seawage sludge). Simple
field testing sites and testing plants have been built up at various locations where specimens of
ground water are taken at different depths to determine the extent of mtrate leaching. In the
following publication the simple field measuring devices als well as their concept will be
described. The introduced field measuring device is primarily designed for determination of the
extent of the loss of nitrogen in agriculturally used areas.
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Nitrate Concentration and d 15N Value of Groundwater in the
Miyakojima Island, Okinawa Prefecture, Japan
Youji Yamamoto, Kwang-Lai Park, Shigeru Kato, and Kikuo
Kumazawa. Fac. ofAgric, Univ. of Tokyo, Bunkyo-ku, Tokyo 113, and Tokyo
Univ. Agric, Setagaya-ku, Tokyo 156, Japan.

Introduction. Increase of the nitrate concentration in groundwater is one of
the problems which the modern agriculture technology is facing. Main sources
of the nitrate in groundwater are soil organic matter, chemical nitrogen fertilizers, animal waste or farmyard manure, and human waste materials. To evaluate the ratio of the contribution of such kind of sources is important to
make effective measures to decrease the nitrate in the groundwater. The measurement of nitrogen-isotope ratios ( ,5 N/ 14 N)of nitrate from different sources
and soil environments and comparison of these ratios to the nitrogen isotope
ratios of groundwater nitrate offer a method for identifying nitrate sources.
In this research, nitrate concentrations and ö , 5 N values in the groundwaters in Miyakojimaislands, Okinawa, were measured during 1992 - 1993.
Miyakojima is a flat coral island situated at latitude 24°45"N and longitude 125°20"E in Ryukyu arcuate islands. It has 158.6 km 2 area, of which 57K
is cultivated, and 80* of arable land is used for the cultivation of sugarcane.
Annual rainfall is ca. 2,250mm and there is no river or lake.
Population of
the island is ca. 48,000. Total number of cows, horses and pigs is ca. 11,000.
All domestic and animal wastes are treated by soil infiltration. All drinking
and irrigation water are supplied from the groundwater. There are about 20
watersheds which are separated with dislocations.
Two underground-dams were
constructed to store the groundwater for irrigation. During the last 2 decades,
nitrate concentration of the groundwater has gradually increased and is reaching to 10 mgL"1 as N 0 3 N .
Materials and Method. Waters from the shallow and the deep wells at the separate ten sites were sampled (Fig. 1 and Table 1). Mineral contents and natural
nitrogen isotope abundance (<5 15 N) were analyzed using the liquid chromatography and the mass spectrometer (Finnigan MAT 252).
Results. Except the waters which were influenced with rainfall directly (sites
1,2) or sea water invasion (sites 1,3,6). most of the groundwater showed small
variation among their mineral contents and 5 1 5 N values.
Average nitrate-N concentrations were 1.4 ~ 11.5 mgL" and average <515N
value were +4 . 3 ~ +9 . 7%o.
From the nitrate concentration and 5 1 5 N value observed, the type of the
groundwater could be categorized into four group as shown in Fig.2, such as
high 5 , 5 N and high nitrate (sites 1,2), high <515N and medium nitrate (sites
4,6), low <5 1 5 N and medium nitrate (sites 3,5), and low <515N and low nitrate
(sites 7,8,9), reflecting the main source of nitrate contamination, such as
animal and domestic waste, animal waste and soil organic matter, soil organic
matter and chemical fertilizer, and chemical fertilizer. The water of site 10
has the lowest nitrate of which 5 1 5 N is + 7%«originated from the soil organic
•atter.
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It was discussed that even the lowest ö IS N value was higher than the
6 N value of the chemical fertilizers used in this islands (-3.9 ~ -1.4 % . ) .
then considerable amounts of nitrogen must be lost by ammonium evaporation or
denitrification after fertilization.
15

Table 1. Groundwater sampling sites and their circumstances

1
2
3
4
5
6
7
8
9
1

Sampling sites
.
Maehama
.
Karimata
.
Hisamatu
.
Sunakawa
.
Uinafuku
.
Nishisato
.
Aragusuku
.
Shirakawada
.
Yamakawa
0 . Tuga-ga

l.
2.
3 .
4.
5.
6 .
7 .
8.
9.

Kinds of source
shallow well
shallow well
deep well
underground-dam
underground-dam
deep well
spring
spring, drinking
spring
spring

Circumstances of the site
sugar cane, farmyard manure
village, sugar cane
vegetable, sugar cane
village, sugar cane
sugar cane, grass-land
urburn district
village> sugarcane
grass-land, forest
sugar cane
natural vegetation, forest
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Fig. 1. Groundwater sampling sites
in Miyakojiaa island.
Okinawa, Japan
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The effect of cover crops on nitrate accumulation, nitrate
leaching and crop growth following ploughing-in temporary
leguminous pasture
G.S. Francis, R J . Haynes and P.H. Williams. New Zealand Institute for Crop &
Food Research, Private Bag 4704, Christchurch, New Zealand.

Introduction. A mixed cropping system of farming is commonly practised on the Canterbury Plains
of New Zealand in which grazed ryegrass/white clover pastures are grown for 2-5 years followed
by 2-5 years of arable crops. The N fertility of the soil improves during the pastoral phase of the
rotation due to substantial symbiotic N2 fixation by clover. However, substantial winter leaching
losses of nitrate have been recorded after ploughing-in pastures in early autumn when soil conditions
are conducive for extensive net N mineralization of pasture residues and soil organic matter.
Delaying the ploughing-in of pasture until later in the autumn when soil temperatures are lower, or
the use of autumn-sown cover crops to reduce the accumulation of nitrate in the profile both offer
possibilities to reduce nitrate leaching losses over winter.
Materials and Methods. The experiment was conducted in 1991/92 and repeated in 1992/93 in
Canterbury, New Zealand on a Templeton silt loam soil (Udic Ustochrept, USDA Soil Taxonomy).
In two consecutive years, four-year old ryegrass/white clover pasture was ploughed either in March
(early autumn) or May (late autumn), with pasture plots included as controls. Plots were either
planted with a cover crop (greenfeed oats and winter wheat for March and May ploughed plots
respectively) or left fallow over winter. With the exception of the winter wheat, all plots were
cultivated in spring and sown with a spring wheat test crop. After harvest in 1992, the entire site
was ploughed in March 1992 and left fallow until planted with another wheat test crop in the
following spring. Soil samples were taken from all plots before the start and at the end of winter
leaching. Leaching losses were based on soil solution nitrate contents in porous ceramic samplers.
Results and Discussion.
1991/92. Rainfall over autumn/winter (352 mm) was similar to the long-term average (335 mm).
The amount of N in pasture residues was very similar at incorporation in March and May (approx
160 kg N ha"1). By the start of winter all ploughed treatments had accumulated mineral N in the
profile from the net N mineralization of pasture residues and readily-mineralizable soil organic
matter. Soil mineral N contents were greater following ploughing in March (131 kg N ha') than
in May (45 kg N ha'1), as a result of both the higher soil temperatures in early autumn and the
longer time for net N mineralization before the start of winter. The greenfeed oats sown in March
reduced the soil mineral N content at the start of winter by about 15 kg N ha"1, but the winter wheat
crop sown in May had no significant effect.
Drainage over autumn/winter was least under the pasture control and increased with the length of
the fallow period (Table 1). Surprisingly, cover crops increased the amounts of nitrate leached from
the soil compared with the corresponding fallow treatments. This was partly due to increased
drainage amounts from the cover crops and their low uptake of mineral N from the soil before the
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major leaching events in early winter.
By spring, more N was present in the pasture (201 kg N ha'1) than greenfeed oats (174 kg N ha"1)
or winter wheat (74 kg N ha"1), and this was partly reflected in different soil mineral N contents.
It appears that extensive net N immobilization occurred following the incorporation in spring of the
pasture and greenfeed oats residues, as grain yields and total N yields of the following spring wheat
test crop were significantly less from these treatments.
1992/93. Rainfall over the autumn/winter was much greater (500 mm), and its distribution was
markedly different to that in the previous year. Major rainfall and drainage events occurred about
2 months later at the end of winter.
Leaching losses from both March and May fallow plots were greater than in the previous year. This
was because both the total amount of drainage and the time for net N mineralization between
pasture incorporation and the start of leaching were greater in this year. Greenfeed oats reduced
leaching losses by more than 50 % compared with March fallow, as substantial amounts of N were
removed from the soil before major drainage events occurred. Winter wheat (ploughed this year
in March, but sown in May) again had no significant effect on reducing leaching losses. Grain
yields of the following wheat test crop showed similar trends to those in 1991/92.
Effects of treatments imposed in autumn 1991 were investigated over the second winter following
pasture incorporation. No residual effects were observed. However, leaching losses over the second
winter (142 kg N ha'1) were almost double those measured over the first winter following pasture
incorporation, partly because of the different rainfall patterns and amounts between years.
Surprisingly, the second year leaching loss was also greater than the first year winter leaching loss
from pasture ploughed in March 1992 (106 kg N ha •).
Results from these two experimental years showed that extensive leaching losses of nitrate occurred
following the ploughing-in of temporary leguminous pastures, with the distribution of rainfall
equally as important as the amount of rainfall in determining the extent of leaching losses.
Leaching losses were reduced both when leguminous pastures were incorporated in late- rather than
early-autumn and when cover crops took up substantial amounts of soil mineral N before the start
of winter drainage. The incorporation of large amounts of cover crop residues produced in such
cases caused yield depressions of the following crop. Leaching losses over the second winter after
pasture incorporation were greater than losses measured over the first winter.
Table 1. Selected data from treatments in their first year following ploughing-in leguminous pasture
1991/92
1992/93
Leaching
Spnng
Grain
Leaching
loss
Drainage
loss
mineral N
Drainage
yield1
Treatment
(mm)
(kg N ha1)
(kg N ha')
(kg N ha')
(mm)
(t ha" )
99
15
Pasture
10
4.0
224
15
March Fallow
164
78
131
6.0
106
273
Greenfeed oats
178
95
17
4.6
45
271
May Fallow
123
52
5
131
5.3
253
Winter Wheat
141
1
102
5.9
269
102
L.S.D.
18.4
24.1
3.3
4.8
0.59
15.3
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Empirical

Relationships Describing the Effects
Preferential Flow on Nitrate Leaching

of

D. Scholefield, E. Lord* and HJ.E. Rodda", Institute of Grassland and
Environmental Research, North Wyke, Devon, UK. 'Agricultural Development
and Advisory Service, Wolverhampton, UK. "Department of Geography,
University of Exeter, UK.
Introduction. The European Community (EC) Nitrate Directive requires that the nitrate
concentration of water draining agricultural land should not exceed 50 mg dm'3. A major
objective of the environmental policies of national governments within the EC is the
optimisation of land use and farming intensity to enable compliance with the Directive, and yet
sustain economically viable production over a range of crops. The agricultural nitrogen cycle
is very complex and therefore the planning to achieve this objective will require the use of
simulation models that operate at the regional scale. Such a model will comprise essentially
of sub-models that describe the accumulation of potentially leachable soil nitrate, linked to a
model of nitrate transport.
The use of mechanistic models to simulate nitrate transport in clays has met with only limited
success because of difficulties in accounting for the effects of preferential flow (1). An
alternative approach is to seek empirical relationships between the quantity of soil nitrate and
its concentration in drainage water. Support for this approach has been provided by data from
a leaching experiment conducted on undrained and mole-drained lysimeter plots (2). It appeared
that peak nitrate concentrations could be predicted from the quantities of soil nitrate leached
annually by linear regressions (Fig 1.), and that peak values were independent of the total
drainage volume and only marginally influenced by the intensity of rainfall during the drainage
period.
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Figure 1. Linear regression of peak nitrate concentration in drainage on the total amount of
nitrate leached from a mole-drained clay loam under grazed grass. (y=2.74 + 0.28x, 1^=0.97)
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The objective of the work reported here was to examine the possibility of deriving similar
relationships with data collected from other leaching experiments conducted on a range of soil
types with both grassland and arable managements.
Methods. Data of nitrate concentration and drainflow were collected from 4 further leaching
experiments, conducted in the UK over a number of years on soils ranging from sand to a
cracking clay. Linear regression were plotted of peak nitrate concentration on the total amount
of nitrate leached annually over the drainage season. Data from years with drainflows <300mm
on clays or <200mm on sands were not used since the total quantity of leachable nitrate could
not be calculated.
Table 1.

Linear regressions of peak nitrate concentration on the total nitrate leached,
peak (mg dm"3 = a x nitrate leached (kg N ha"1) + b.
Depth of
sampler (cm)

Type of
sampler

Agriculture

a

b

r2

loamy sand

90

porous cup

grassland

0.99

1.4

0.88

loamy sand

90

porous cup

arable

0.92

2.4

0.93

loam

90

porous cup

grassland

0.62

3.5

0.99

clay loam
undrained

10

surface
drain

grassland

0.58

3.9

0.96

clay (cracking)
mole-drained

90

tile drain

arable

0.37

2.8

0.33

clay loam moledrained

85

tile drain

grassland

0.28

5.6

0.97

Soil type

Results and Discussion. Table 1 shows that the peak concentration in water leaching a given
quantity of soil nitrate may vary 5-fold according to soil type. The slope of the regression
became steeper with decreasing clay content, presumably as the degree of preferential flow and
soil water capacity became smaller. The soil in which the largest degree of preferential flow
occurred was the clay loam which had been artificially structured by the installation of moledrains. The results indicate that the type of agriculture had little influence on the degree of
preferential flow in the sandy soil, but may have had considerably more influence in a clayey
soil with mole drains, where cultivation would have largely destroyed the structural cracks
induced by the drainage operation. The results demonstrate the feasibility of using an empirical
approach to account for preferential flow in modelling nitrate leaching at the regional scale.
Literature Cited.
(1) Barraclough, D. 1989.A usable mechanistic model of nitrate leaching II Application. Journal
of Soil Science 40, 543-554.
(2) Scholefield, D., Tyson, K.C, Garwood, E.A., Armstrong, A.C, Hawkins, J. and Stone, AC.
1993. Nitrate leaching from grazed grassland lysimeters: effects of fertilizer input, field
drainage, age of sward and patterns of weather. Journal of Soil Science 44 (in press).
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Nitrate Leaching under Two Levels of Fertilization on an
Irrigated Maize Crop (SW Spain)
J.A. Cayuela, F. Moreno, J.E. Fernandez, J.M. Murillo, F. Cabrera, and E.
Fernandez-Boy. Instituto de Recursos Naturales y Agrobiologia de Sevilla (IRNAS,
CSIC), P.O. Box 1052, 41080 Sevilla, Spain.
Introduction. It is well known that many conventional fertilization systems apply higher amounts of
nutrients than plants require. These fertilization philosophies are frequently oriented towards
fertilizing soil more than crop, which can imply a potential environmental risk (ground-water
pollution).
At present, the pollution of natural waters by nitrate is an important problem, especially in countries
of intensive agricultural production. Over the past 30 years the increase of nitrate concentration in
natural waters has coincided with the increase of use of nitrogen fertilizer by farmers (Addiscott et
al., 1991).
In southern Spain, irrigated maize crop is often grown with higher nitrogen fertilization than the
plant needs. In order to ascertain the nitrate leaching, crop development and crop yield a study has
been undertaken since 1991 on an irrigated maize crop with two levels of fertilization.
Materials and Methods. Experiments for the present work were carried out on 1/10 ha plot
situated at 13 km SW of Seville city (Spain). The soil is a Xerochrept with 59.0 % coarse sand, 17.4
% fine sand, 8.6 % silt and 14.7 % clay in the soil layer 0-1.0 m depth. The plot was subdivided into
two subplots of 450 m^ each. Results presented in this work correspond to the experimental period
from June 1991 to August 1992, in which two maize crops (Zea mays L. cv. PRISMA; 75,000
plant/ha) were grown from March 1991 to August 1991 and from March 1992 to August 1992
respectively.Three measurement sites were selected in each subplot in accordance with a previous
study on the spatial variability of soil properties. Each measurement site was equipped with an
access tube for neutron probe to 2 m depth, tensiomters at 0.3, 0.5, 0.7, 0.9, and 1.1m depth and
soil solution samplers at 0.3, 0.6 and 0.9 m depth. A detailed characterization of the hydraulic
properties of the soil was carried out in the measurement sites in order to know the relationship
between hydraulic conductivity and soil water content (K(0)) at different depths.
One of the subplots (subsequently referred as plot A) was fertilized with 1000 kg ha"1 of a complete
fertilizer (15 % N, 15 % P2O5 and 15 % K) as deep fertilization and two applications of 400 kg ha"
1

of urea (46%) as top dressing fertilization each year. The other subplot (plot B) was fertilized with
one third of the fertilization applied in plot A. Nitrogen fertilization applied in plot A is normally
used in the zone. Both plots were irrigated with furrow irrigation and with the same doses.
Measurements of soil water content and soil solution extraction were taken weekly and water
tension (tensiometers) daily during the crop period. The same determinations were carried out
during the rainfall period (bare soil), with a variable periodicity for soil water content and soil
solution extraction according to rainfall. In the soil solution the NO3-N content was determined.
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Results and discussion. The results of the characterization of the relationship between hydraulic
conductivity (K) and soil water content (8) showed the same K(0) equation, at 0.9 m depth, for five
of the six measurement site of both plots and a different K(0) equation for the other site in plot B.
This different soil behaviour for one of the measurement sites was attributed to differences in soil
texture and pore size distribution at this depth, although the differences in clay and coarse sand
contents are not very important.
The drainage flow at 0.9 m depth was estimated using the K(8) equation for each interval between
two consecutive measurements of the soil water content. The drainage flow was different for the
different measurement sites. The nitrate leaching below 0.9 m depth was calculated for every site
from the drainage flow and the nitrate concentration in the soil solution. As the drainage flow and
the nitrate concentration in the soil solution were different for the different sites in both plots, the
nitrate leaching resulted different from one site to other. The mean values of the leached nitrate
below 0.9 m were of 90 kg ha"l in plot A and 10 kg ha"l in plot B for the period June 1991 to
August 1992. In general, nitrate leaching was higher during the rainfall period (bare soil) than during
the crop period.
The crop development was similar in both plots. The mean maximum plant height reached 2.91 m
and 2.94 m in plots A and B respectively during the crop period of 1991. These values were not
significantly different During the crop period of 1992 mean maximum plant height was 2.24 m and
2.30 m in plot A and B respectively, and were not significantly different. The specific leaf area in
1991 was 0.018 m 2 g"1 in plots A and B, and 0.018 and 0.017 m 2 g"1 (not significantly different) in
plots A and B respectively in 1992.
The amounts of nitrogen removed by the crop (aerial part) in 1991 were 260 and 240 kg ha"l in
plots A and B respectively, and 270 and 222 kg ha"' in plots A and B respectively in 1992. In the
case of plot B (low fertilization) the amount of nitrogen removed by the crop, in both years, was
higher than that applied in the fertilization.
The yields obtained in 1991 were 13.0 and 13.2 Mg ha"l in plots A and B respectively, and were not
significantly different. In contrast, the 1,000 kernel weight for plots A and B (313.7 and 334.4
respectively) were significantly different. In 1992 the yields were a little lower than in 1992, 12.3 and
11.6 Mg ha"' in plots A and B respectively. These values were not significantly different. The 1,000
kernel weights in this year, 327.5 and 318.4 g, for plots A and B respectively, were not significantly
different.
From the results obtained in this work it can be deduced that a reduction in fertilization rates of an
irrigated maize crop in southern Spain does not affect the crop development and crop yield after two
consecutive crops. In contrast, the nitrate leaching is strongly reduced, diminishing the risk of
ground-water pollution.
One important point is now under study in our experiments: how long is it possible to maintain the
monoculture of maize with the lower level of nitrogen fertilization used before the yield falls?.
Acknowledgements. Research carried out in the framework of the contract no. STEP-CT90-0032C(DSCN)oftheCEC.
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Pollution of Groundwater with Nitrates under Exploitive
Agriculture followed in the Punjab, India
M.S. Bajwa, Bijay-Singh and Parminder Singh, Department of Soils,
Punjab Agricultural University, Ludhiana 141 004, India
Introduction. In India, the state of Punjab is considered to be the seat of green revolution
where an unparallel success has been achieved in increasing food grain production during
the last three decades. It has been possible because of the increase in cropping intensity
and the realization of the fact that the miracle seeds of the high yielding varieties of crops
cannot produce high yields without the application of adequate amounts of fertilizers. The
consumption of nutrients has, therefore, tremendously increased in this part of India. The
consumption of fertilizer N in Punjab has increased from 0.8 kg/ha in 1960-61 to 189.5 kg/
ha in 1991-92 and a part of it (which is lost from the soil-plant-system due to leaching) can
be expected to increase the nitrate concentration of groundwater and hence creart human
and animal health problems. Since in the developed countries high fertilizer use during 3
or 4 decades has already started showing polluting effects in the forms of nitrates in the
groundwater, it becomes important that the possibility of such polluting effects are properly
investigated and monitored in the Punjab where highly exploitive agriculture is being
followed.
Methods and materials. Samples of groundwater beneath the cultivated areas were
drawn from 236 tubewells (varying in depth from 21 to 38 m) located in regions of Ludhiana
district having the highest fertilizer consumption (227 kg/ha) in the Punjab and in other
regions where vegetables are extensively grown by applying heavy dressings of farmyard
manure and fertilizer. From within village habitations, 367 groundwater samples were
collected from 9 to 18 m deep hand pumps. Another 45 samples were collected from the
hand pumps located within the premises of different feedlots.
Results and discussion. A straight line plot of N0 3 -N content of groundwater samples
against cumulative percentage frequency on a probability scale indicated that sample
poDulation was normally distributed and that possibility of groundwater samples to contain
more than 10 mg N0 3 -N/l (the upper safe limit for drinking water) was less than 0.1 and 2%
for tubewells and hand pumps, respectively. Lowest mean values (3.62 + 1.52 mg N0 3 N/l) were observed in samples collected from cultivated area. In contrast, water samples
drawn by hand pumps from different village inhabited areas and feedlots had mean values
of 5.62 and 4.73 mg N0 3 -N/l, respectively. Coefficient of correlation between nitrate
content of groundwater samples drawn from tubewells in the cultivated area and fertilizer
use in the vicinity of wells did not turn out to be significant.
Out of 236 tubewells located in cultivated area, 144 could be classified to be located
under well defined land-use systems. Percentage of the wells delivering groundwaters
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containing upto 5 mg N0 3 -N/l was the lowest under rice-wheat cropping system (Table 1).
Growing a deep rooted crop like wheat in rotation with potato also did not allow leaching
of substantial amounts of nitrates. Under shallow rooted heavily manured vegetable crops,
17% tubewells contained more than 5 mg N0 3 -N/l (Table 1). Estimates of N0 3 -N present
in 180 cm deep soil profile under rice-wheat, maize'wheat, cotton-wheat, orchards, and
vegetable crops substantiated the results pertaining to nitrate content of groundwaters.
Table 1. Nitrate concentration in groundwater samples under different land use systems
Land use system

No. of
tubewells

Percentage of sarr iples containing
0-5 mg N 0 3 -N/l

Rice-wheat
Potato-wheat
Vegetables

68
34
42

97
94
83

5-10 m g N 0 3 -N/l
3
6
17

Locations of the remaining tubewells could not be clearly classified under a well defined land use system

In 367 groundwater samples collected from 9 to 18 m deep hand pumps within
different village habitations, 64% and 2% samples contained 5-10 and >10 mg N0 3 -N/l,
respectively. In contrast, 78% samples from tubewells in cultivated area contained <5 mg
N0 3 -N/l. In an earlier investigation carried out in Ludhiana district (1), it was observed that
groundwater samples drawn through hand pumps contained about 3 times more N0 3 -N
than in shallow (4 to 10 m deep) open wells located in cultivated area. The geometric mean
of N0 3 -N concentration registered an increase from 0.42 to 2.29 mg/l during 1975 to 1988
(2).
Animal wastes dumped near the feedlots or in the outskirts of the villages act as a
point source of nitrates and possibly increase the nitrate level of groundwaters beneath
villages where hand pumps are used to draw water for drinking purposes. On the other
hand, crop plants absorb substantial amounts of nitrogen applied through fertilizers and
manures spread over a large area in the cultivated fields.
Literature Cited
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Bijay-Singh and Sekhon, G.S. 1976. Nitrate pollution of ground water from
nitrogen fertilizers and animal wastes in the Punjab, India. Agric. Environm. 3:57-67.
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Control of Ground-Water Nitrate Pollution by Means
Nitrogenous Slow Release Fertilizers
J. A. Diez, R. Roman, M. C. Cartagena, A. Vallejo, A. Bustos and R. CabaUero.

Centro de Ciencias Medioambientales. CSIC. 28006 Madrid. Spain.
Introduction. Nitrogen application rates above crops requirements and
unmatched irrigation rates to potential ET, are the main causes of
ground water nitrate pollution in agricultural areas.
The use of controlled release nitrogenous fertilizers (CRF's) in
extensive crops could be an alternative to mitigate these effects due
to the fact that N is gradually released matching the plant's rate of
absortion. The purpose of this paper is to test the effects of two
CRF's on the control of ground water nitrate pollution against
conventional fertilizers like urea, in an irrigated area of Central
Spain under maize cropping. At the same time, te pollution effects of
two sources of irrigation water will be evaluated.
Materials and Methods. The experiment was carried out on the Jarama
river plain (La Poveda Field Station) in 24 single plots. Half these
plots were irrigated with well water (43 mg NOj" L ) and the other half
with stream water (3 mg NO," L ).
Three different fertilizers were applied:, urea, Floranid 32
(isobutylidendiuree) and Multicote 4 (urea coated). The experiment was
laid out in a randomized complete block design with four replications
using 12 single plots on each source of water.
Soil samples were taken for assessing its nutrient dynamics using
the electroultrafiltration (1) technique. Total N in the EUF extracts
(EUF-N) was determined by digestion with U.V. radiation and subsequent
oxidation with persulfate in
alkaline medium (3). The
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using a ceramic candel extraction system with tips at 50, 90 and 140
cm of soil depth. Nine surface irrigation at even rates of 40 L m
were applied.
Results and Discussion. NO," concentrations detected at different
depths showed an important
variability in space and time whose
coefficients of variation were generally high. Average figures for NOj"
concentrations at 140 cm. of soil depth together with the standard
deviation are given in table 1. We can see that NO," content in the
first
samples
is relatively
high, indicating
that, before
the
experiment, there was an appreciable accumulation of NO," from previous
pract ices.
NOj" leached (2) was evaluated (concentration of NOj x volume of
drainage) periodically for each of the treatments and was graphically
represented in an accumulative way together with the evolution of the
drainage water (stream water fig 1 ) .
It can be seen that drainage becomes intense coinciding with
irrigation time and provided the water supplied exceeds actual
evapotranspiration. Quantification of this process during the growing
gives approximately 97,6 L m , which proves that both the flood
irrigation system used and the frequency and dosages applied accelerate
leaching
of
salts
and,
particullarly, of nitrates.
A
loss of
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water
stream water
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Characterization of Content and Distribution of
Micronutrients in Soils of Bangladesh
M. M. U. Miah. Bangladesh Agricultural Research Conuncil, Dhaka, Bangladesh.
Introduction - Recently mucin attention has been paid to the
role of micronutrients in agriculture. Experimental results and
agricultural practices have indicated that the areas deficient
in micronutrients are increasing in Bangladesh due to intensive
cultivation and modernization of agriculture. Therefore, a
systematic appraisal on the content and distribution of
micronutrients is essential for correct application ofmicronutrient
fertilizers. With the data available to date, a picture of these
characteristics and related problems are discussed in this paper.
Materials and Method - Representative soil samples were collected
from different agroecological regions of Bangladesh. Soil analyses
were done by Agro Services International(ASI) extractants. Plant
responses data of greenhouse experiments of different soil series
were compiled, screened and processed by BARC computer to evaluate
the level of different micronutrients in soils.
Results and discussion : Zinc - Available zinc was extracted by
A&I ext^aetanl 49.-2-5 N «aHG©3 +- 0-.01M EBTA + Q.-01N NH F with -0.5
gm superfloc 127 per 10 litres) and determined by atomic
absorption spectrophotometry method. Available zinc is divided
into five levels based on critical value 1.7 ppm by ASI method.
Level of Zn
Quantity in ppm
Location/General Soil type
Very low
less than 1.0 ppmiZn
Calcareous Alluvium
Low
1.0-1.7 ppm Zn
Non-calc Dark Grey Floodplain Soils
Calc-Brown Floodplain Soils
Brown Hill Soils
Shallow & Brown Terrace Soils
Saline Soils
Grey Piedmont Soils
Medium

1.8-3.4 ppm Zn

High
Very high

3.5-5.5 ppm Zn
Greater than 5.5 ppm Zn

Brown mottled Terrace Soils
Grey Terrace Soils
Black Terai Soils
Non- calCAlluvium
Peat Soils
Acid Basin Clay

Soil conditions associated with JZn deficiencies in Bangladesh are:
acid sandy soils low in total ZnJ, calcareous soils and saline
soils.

Ill

Copper - The extractant usea for available copper is the same as
zinc. The available Cu ranges from 0.2 to 8.2 ppm. Copper
deficiency is found in hill soils and calcareous soils. A
significant positive correlation (r=0.5**) was obtained between
available Cu and percent clay content.
Iron - The available iron content of Bangladesh soils ranges
from 12 to 440 ppm. Some responses of Fe have been found in light
textured calcareous soils.
Manganese - The available manganese content ranges from 1.0 to
39.4 ppm. Hill soils were found deficient in Mn where Mn content
ranges from 1-3 ppm.
Boron - The available boron in soil is expressed by water soluble
boron determined by spectrophotometry method.The available boron
content of all the major soils of Bangladesh varied between 0.1
and 1.9 ppm in the surface layer w Most of the light textured
soils of Rangpur and Dinajpur, térrace soils of Gazipur and hill
soils of Srimangal and Ramgahr were found deficient in boron
(0.1-0.2 p p m ) . Boron content in soils was found positively
correlated with clay content and available S.
Molybdenum - The available Mo content (NH.-oxalate extractant) of
some major soils ranged between 0.03 to 0.4 3 ppm. The soils of
Rajshahi, Rangpur, Dinajpur and Bogra locations contain low level
of Mo (0.03-0.27 P P m ) .
Chemical aj»ii)¥S.Ai%F fertilizer experiments and field surveys have
proved that 'there is" a
large area of soils low in mi.cronutrierits
in Bangladesh. The deficient areas are likely to increase in the
future with further crop intensification. Therefore, systematic
investigations are needed for clear delineation of micronutrient
deficient areas.
Literature cited
1) Islam, M.S. and Miah, M.M.U. 4.993. Evaluation of critical limit
of zinc for upland crops of Bangladesh. Bangladesh J.Agril.
16(4).
2) Islam M.S. and Rahman, F.M. 1991. Combating sterility of
wheat through micronutrient management. BARI Annual Report.
3) Miah, M.M.U. 1992. Boron and molybdenum deficiencies in
cereals and vegetables in som*?soils of Bangladesh. XII int.
Plant Nutrition Colloquium, we£ern Australia.
4) Karim, Z., Miah, M.M.U. and Hoj|'sain, S.G. 1992. Zinc deficiency
problems in floodplain agriculture. Proceedings of the
International Symposium on the Role of Sulphur, Magnesium and
Micronutrient in balanced plant nutrition. P P I , Hong Kong,
pp-337-343.
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Quick Tests for Assessing Nitrogen Fertilizer Needs of Maize
in Humid Regions
R. H. Fox, W . P. Piekielek, K. E . Macneal, J. S. Shenk, and J. D . Toth. Dept.
of Agronomy, Perm, State University, University Park, PA 16802, USA.
Introduction. One of the most effective methods for humid region farmers to attain acceptable
maize yields and minimize nitrate pollution of their region's waters is to apply economic optimum
N fertilizer rates. However, this can be difficult because of a lack of a convenient, accurate test
for soil N availability.
Materials and Methods. We have carried out over 250 field experiments throughout
Pennsylvania (humid, continental climate zone) between 1983 and 1993 to evaluate several soil N
availability quick tests for their ability to predict soil N availability and N fertilizer needs of
maize (1, 2, 3). These tests are the nitrate concentration, 200 nm absorbance of a 0.01 M
NaHCC>3 extract (UV 200), and near-infrared absorbance of 0 - 20 cm soil samples taken at
planting (NIRS), the nitrate concentration in the surface 30 cm of soil taken when maize plants
are 20 to 40 cm tall (pre-sidedress nitrate test, PSNT), and leaf chlorophyll meter readings of
maize plants at the V-6 growth stage. In addition, chlorophyll meter readings of ear leaves at the
early dent (early R5 stage) were used to evaluate the adequacy of the N fertilizer rate used. Not
all tests were used for all sites. The number of sites used for calibration and accuracy
determination ranged from 83 for some of the chlorophyll meter tests to 190 for the PSNT test.
Results and Discussion. The PSNT and at-plant UV 200 tests were the most accurate tests in
predicting whether a positive maize grain yield response would be obtained with the addition of N
fertilizer. Both tests correctly predicted a positive response to N fertilizer approximately 84% of
the time as determined with the Cate-Nelson (4) graphical procedure. Also, there were very few
cases (<2%) for either test where the N test level was greater than the critical level and a
positive yield response obtained. It is important to minimize these type of errors because farmers
would quickly lose faith in a test that frequently resulted in obvious, visual N deficiency
symptoms in fields which did not receive N fertilizer because the test predicted none was needed.
Bxcept for the chlorophyll meter reading at the 6-leaf stage test (66% correct), all other tests
correctly predicted positive N response in more than 75 % of the test fields. However, by using a
•atio of the chlorophyll meter reading of leaves in the test plot divided by the reading in a treated
area receiving adequate N for maximum yield and a critical level of 0.95, the correct prediction
rate of positive response to N fertilizer was increased to 79%.
Unfortunately, none of the tests were well correlated with relative grain yield (r^ = 0.08 to 0.37)
or soil N supplying capability (r^ = 0.01 to 0.37) in fields with test values below the critical
level. The PSNT and UV 200 tests were the most accurate in predicting relative yield and soil N
supplying capability in the N fertilizer responding fields (r^ = 0.31 to 0.37).
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The chlorophyll meter reading at the early dent stage proved to be an accurate predictor of
whether there was a positive response to N fertilizer (93% correct), and of the relative yield in
sites below the critical level (r* = 0.81). This late-season N test is an excellent means for
farmers to determine if they have applied adequate N for near-maximum yields.
In conclusion, there are two tests, the PSNT and UV-200, which accurately predict whether a
field will respond to N fertilizer. These are very useful for testing often-manured fields, such as
those in animal-based farms. The PSNT test is currently used in Pennsylvania and several other
states in the U.S. to assist farmers in deciding whether to apply N fertilizer to their maize as a
"sidedress" application and if so, at what rate. However, farmers with animal-based enterprises
frequently harvest their first hay crop at the time the PSNT test is taken and are reluctant to take
the time required to sample and analyze their soils. The UV 200 test taken to only 20 cm at
planting offers a more convenient alternative. It would be more convenient to take the samples
for the UV 200 test prior to planting and limited research indicates that this may be possible with
only minor reduction in test accuracy. Unfortunately, the availability of spectrophotometers
capable of analyzing the UV spectrum in soil testing facilities is limited. The relative chlorophyll
meter reading at the 6-leaf stage is a rapid, convenient test that could be used by consultants and
on large farms. The NIRS test has the advantage that it can be used with samples taken at and
possibly before planting, and in states such as Pennsylvania there are numerous commercial
laboratories throughout the state with near-infrared absorbance spectrophotometers .
Unfortunately, at this point none of the tests can accurately predict the economic optimum N rate
for N responsive maize fields. Using the tests can, nevertheless, increase N fertilizer use
efficiency in maize production by eliminating N fertilizer use on non-responsive fields.
However, continued research is needed to develop a method or combination of methods that will
accurately predict N fertilizer rates needed for economic optimum yields on N-responsive fields.
Literature cited.
(1) Fox, R. H., G. W. Roth, K. V. Iversen, and W. P. Piekielek. 1989. Soil and tissue nitrate
tests compared for predicting soil nitrogen availability to corn. Agron. J. 81:971-974.
(2) Piekielek, W. P. and R. H. Fox. 1992. Use of a chlorophyll meter to predict sidedress N
requirements for maize. Agron. J. 84:59-65.
(3) Fox, R. H., J. S. Shenk, W. P. Piekielek, M. O. Westerhaus, J. D. Toth, and K. E.
Macneal. 1993. Predicting soil nitrogen availability to corn with near-infrared spectroscopy.
Agron. J. 85:1049-1053.
(4) Cate, R. B., Jr. and L. A. Nelson. 1965. A rapid method for correlation of soil test analyses
with plant response data. Tech. Bull. No. 1. In Soil testing Series. N. C. State Univ.,
Raleigh, N. C.
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On-farm Soil Nitrate Test
U. Schmidhalter. Institute of Plant Sciences, ETH Zurich, 8315 Lindau,
Switzerland.
Summary. A simple on farm test for determining residual soil nitrate has been developed. The
procedure is reliable, rapid, inexpensive and requires only small investments. Soil samples
representative of the field site and the crop specific soil depths are composited and well mixed.
A 1:2 moist soil/0.01 M CaCl2 extractant ratio is used. The mixture is vigorously hand-shaken
for one minute and then allowed to settle for 15-30 minutes. Nitrate is directly measured in the
unfiltered supernatant. Close agreement between ion chromatography and quick test was
obtained at concentrations of 2-90 mg L"1 N03". Soil water content is measured on a separate
subsample by weighing before and after drying soil samples. By using estimates for soil bulk
density and coarse gravel ccuü;i!t, nitrate concentrations in the extract can easily be converted
to kg NOj-N ha"1.
Introduction. Numerous studies have demonstrated that crop yield and quality can be improved
when N fertilizer recommendations take residual N03" measurements into account. A soil N test
that accurately accounts for different N mineralization in soils would greatly aid in the
development of N management systems that minimize environmental impacts. At present, there
is no model available which reliably predicts N mineralization in soils. Computer models need
estimations of soil N0 3 levels to initialize the model. A rapid, simple and inexpensive test could
repeatedly be used for estimating temporal and spatial variability of soil nitrate content and thus
reflect N mineralization in soils. Currently recommended rapid nitrate tests are too imprecise at
nitrate levels most frequently encountered in soil and laboratory measurements are unattractive
to many farmers because of costs and time constraints. On-farm measurements could be highly
instructive for farmers and lead to significant improvements in N management
Results and Discussion. The measuring method is similar to a recently described reflectometric
quick test method (1,2,3). However, this test is appropriate only for detecting fairly high soil
nitrate contents (detection limit 5 mg NCyN kg"1 dry soil) and yields rather semi-quantitative
information according to our experience. Very recently, substantial technical improvements have
resulted in significantly improved nitrate test strips (Reflectoquant 16995, E. Merck, Darmstadt,
Germany) and an improved reflectometer (RQflex, E. Merck, Darmstadt, Germany). The method
suggested in this paper has been developed for measuring nitrate contents in field-moist soil
samples immediately after sampling. This procedure is to be preferred because drying of soil
samples or unsuitable handling of moist soil samples can increase nitrate content due to
unwanted mineralization.
Soil samples representative of the field site have to be taken in crop specific depths as
recommended by the Nm„-method or the pre-side N-test Whereas a shovel is well suited for
sampling the surface 30 cm of soil, an auger is needed for sampling lower soil depths (30-60
cm, 60-90 cm). Composite moist soil samples should be well mixed which is best achieved
by sieving (e.g. with a 10 mm mesh width sieve). Extraction of nitrate from soil samples is
immediately performed after sampling. Otherwise, soil samples should be transferred to cooling
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boxes. For longer storage times, freezing of moist soil samples is required. A subsample of 75
g moist soil, weighed to 1 g precision, is placed into a 250 mL flask and 150 mL extractant
(0.005-0.01 M CaClj or distilled water) added and the capped vial thoroughly shaken for 1
minute. CaCL, is preferred as extractant because it flocculates suspended soil. With loamy soils,
a sufficient amount of clear supernatant is obtained after 15 to 30 minutes settling time. Nitrate
is either directly measured in the supernatant or in an approximatively 10 mL aliquot decanted
in a clean vial cap. The nitrate test strip is immersed for 2 seconds in the sample solution and
thereafter inserted into the strip adapter. The stored reaction time is 60 seconds. No filtering is
required. Yellow-brownish coloration of the test solution caused by humic/ferrous compounds
did not interfere with the measurement Comparable nitrate values could also be obtained with
distilled water as extractant but required longer settling times. Close agreement between ion
chromatography and quick test was obtained at concentrations of 2-90 mg L 1 N03". For
converting nitrate contents to kg N ha'1 estimates of the water content, bulk density and gravel
content are required. As an example, in a stoneless soil (with 25 % gravimetric water content
and a bulk density of 1.2 g cm'3) 1 mg L'1 NO,' corresponds to 1.5 kg N03-N ha"1 for a 20 cm
soil layer. Soil water content is determined on a separate subsample by weighing before and
after drying soil samples. We have further developed a procedure using a graduated specimen
vial technique which does not require any weighing for determining soil water content, weight
of soil samples and amount of extracting solution. As a result, the method has considerable
potential for use by field consultants, fertilizer dealers or farmers.
Literature Cited.
(1) Jemison, J.M., and R.H. Fox. 1988. A quick-test procedure for soil and plant tissue nitrates
using test strips and a hand-held reflectometer. Commun. Soil Sci. Plant Anal., 19, 1569-1589.
(2) Roth, G.W., D.B. Beegle, R.H. Fox, J.D. Toth, and W.P. Piekielek. 1991. Development of
a quicktest kit method to measure soil nitrate. Commun. Soil Sci. Plant Anal., 22, 191-200.
(3) Schaefer, N.L. 1986. Evaluation of a hand held reflectometer for rapid quantitative
determination of nitrate. Commun. Soil Sci. Plant Anal., 17, 937-951.
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Introduction. There is a continuous interaction between biological and
geochemical processes to provide P to plants. Extractable P methods have
limitations, so critical values of solution P as well as adsorption
experiments have been used as complementary information for diagnosis of
phosphorus fertility.
The objective of this study was to evaluate the influence of several soil
properties on the levels of Bray-extractable P, taking into account
adsorption.
Materials and Methods. 1) Soils: 82 surface samples from Buenos Aires
province were analyzed. Great Groups of Soil Taxonomy were: Argiudolls,
Argialbolls, Natraquolls, Hapludolls and Udipsamments.
2) Analytical determinations: % clay, pH, total C, total N, C.K.C., Brayextractable P, Pa ( adsorbed P with an addition of 25 jug P and 2 hours
equilibrium ) and Ps ( P remaining in the equilibrium solution in the some
experimental conditions ). The addition of 25 ug P often provided critical
concentration in Mollisolls (2).
3) Statistical analysis: simple regressions were fitted between extractable P
and soil properties. Multiple regression was performed using stepwise
procedure.
Results and Discussion. Clay percentage varied between 0.7 and 33 X, pH
range was 5.4-10, total C was 0.02 % to 6.43 %, total N varied between 0.027
and 6.43 %, and C.E.C. values ranged from 1.9 to 30.7 % Cmolc.kg-1.
There was a great variability on P-extractable values, from 1.1 to 126.5ppm.
Adsorption and desorption P percentages and frequencies are shown in Fig.1.
In 15 soils (18.3 % ) there was desorption ( release of P to equilibrium
solution ), corresponding to high levels of native P and exchangeable
presence of sodium, in agreement with other results in Canadian soils (1>.
In Buenos Aires soils the 32.9 % of the samples were higher than that P
adsorption value. P adsorption related to Great Groups of Soil Taxonomy as
shown in Fig.2. Some soils with medium Bray-extractable P had low Ps and,
on the contrary, low Bray-extractable P was associated with higher Ps values.
Soon et al. (3) presented relationship between adsorbed P and soil
properties. In our work, Bray-P was associated to Pa (r= -0.52 ,P< 0.001),
and Ps ( r = 0.927 , P<0.001 ). According to stepwise procedure:
Bray-P = 13.147 + 15.54 Ps - 1.93 pH ( R2 = 0.86 ).
Conclusions: Bray-P showed a great variability and Pa was higher than 40%
in the majority of the cases. Maximum adsorption value was found in
Argiudolls and the minimum one in Udipsamments. Ps was related to native P
and exchangeable Na. Bray-P was mainly associated with Pa, Ps and pH.
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Soil Tests for Phosphorus Bioavailability
G.M. Pierzynski, R.G. Myers, and S.J. Thien. Department of Agronomy,
Kansas State University, Manhattan, KS 66506 USA.
Introduction. With increased concern over the environment and efficient use of resources,
there is renewed interest in assessing the relative contribution of various soil P pools to plant
available P. Several issues are associated with the general topic of P bioavailability in soils
including the assessment of the total amount of plant-available P in soils, the desorption
kinetics of that pool, and contributions from organic P forms. There exists a need for a
generalized procedure to assess the total amount of P that could be desorbed, dissolved, or
mineralized from a soil and the rate at which that P becomes available for plant growth. The
available P indices in use today meet this need to a limited extent. However, the extractants
are more an indicator of intensity and are poor indicators of capacity. They provide no
information on kinetics or potentially mineralizable P.
To gain a better understanding of P bioavailability in soils we have evaluated the merits
of several soil P extractants. The FeO-strip procedure (1) was extensively investigated to
determine the effects of abrasion, filter paper characteristics and preparation techniques, and soil
contamination on extractable P levels. Two novel methods for assessing soil P bioavailability
will also be presented. One utilizes FêO impregnated filter paper as a sink to determine total
desorbable P and the desorption kinetics of that pool. The second measures changes in labile P
forms after induced microbial activity places a high demand on biologically-available P (2).
Materials and Methods. Eight soils were used in the comparison of soil P extractants
Extractable P was determined with the Bray-1, Olsen's, and 0.1 M NaOH (algal available)
extractants. Ion-exchange sinks consisted of resins and FeO sinks. Loose, bagged, or
encapsulated anion-exchange resin, loose or encapsulated mixed resin, the phytoavailability soil
test (PST,(3)) and the FeO-strip procedure (P,) were evaluated.
A P drawdown study conducted under greenhouse conditions with five soils provided
the soil samples for the evaluation of the two novel methods for assessing P bioavailability.
Eight crops of a sorghum-sudangrass hybrid were grown in succession. Tops and roots were
collected at each harvest along with representative soil samples. The P desorption
experiments were run by weighing 0.5 g soil into a 100 mL glass bottle and adding three
FeO-impregnated filter disks and 50 mL of 0.01 M CaCl2. The filter disks were held in a
nylon mesh envelope to minimize trapping of soil particles in the filter paper. The bottles
were placed horizontally on a reciprocating shaker. Duplicate bottles were destructively
sampled at t=l, 2, 3, 6, 8, 12, 24 ,48 and 72 h. The P was removed from the papers by
several extractions with 0.4 M H2S04. The data were fit to several equations and the
maximum amount of P that could be desorbed (Pib, mg/kg) and the rate constant (k, h ') were
determined. Details of the second bioavailable P procedure have been published (2).
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Results and Discussion. All methods for determining extractable P separated the same 4
soils with the highest P levels from the 4 with the lowest. The greatest amounts of P were
extracted with 0.1 M NaOH from 6 soils and by mixed-resin from 2 soils. Extraction of P
with resin capsules proved the easiest and most problem-free compared with other resin
methods. The PST ranked soils differently than the other testing methods because none of the
other methods could measure diffusion-driven flux. With the exception of the PST,
correlation between all methods was high (r2>0.88).
X-ray diffraction analysis of spent filter paper strips confirmed that silicate minerals
were embedded in the paper and could interfere with P analysis. Several filter paper types
were evaluated for the degree of soil contamination and Whatman no. 50 (low ash, 2.7 nm
pore size) had the least contamination compared to Whatman no.541 and Schleicher and
Schuell no. 589rr. Orientation was either free or fixed (contained in a nylon envelope) during
shaking. The fixed orientation reduced soil contamination to an average of 1.4 mg soil per
paper from 3.6 mg for the free orientation. There was a corresponding reduction in Pr Paper
preparation method also significantly influenced P; values. Papers prepared with NH3 vapor
as compared to NH4OH solution generally had higher P, levels. This was due to unreacted
FeCl3 in the papers that subsequently reduced the pH of the soil-0.01 M CaCl2 mixture. Soil
abrasion was estimated to cause a loss of as much as 4 to 5 % of adsorbed P on the papers
when the free orientation was used. This loss was essentially eliminated with the fixed
orientation.
The initial values of Pib were higher than the initial Bray-1 extractable P
concentrations for all soils, indicating that a larger pool of available P was being measured by
the FeO-coated paper than by the Bray extractant. All samples had a lower Plb value after
harvest 7 as compared to the respective initial values. Each sample experienced an increase
in k with cropping at or before harvest 4 followed by a decline in k beginning al harvest 5.
This suggest that the pool of available P is slower to desorb after extensive cropping.
Bioavailable P, as determined from the incubation procedure, was consistently larger
than extracted with the Olsen's procedure. One unfertilized soil that had been under prairie
vegetation and would have had P fertilizer recommended by the Olsen's procedure was found
to have 55 to 76 mg/kg bioavailable P. The bioactive test revealed that pools or P
unavailable to the chemical extractant were available to soil microbes. Bioavailable P
generally declined with the early harvests and then either remained steady or increased with
later harvests while Olsen's P steadily declined with cropping. The incubation procedure
assumes that stimulating microbes to accumulate P from the most labile inorganic and organic
pools approximates their activities under rhizosphere conditions and that, in turn, rhizosphere
conditions will eventually determine net P availability to the plant. Using microbial capture
of labile P has provided a bioavailable P index that includes both inorganic and organic
sources of P.
Literature Cited.
(1) Menon et al. 1989. Determination of plant-available phosphorus by the iron hydroxideimpregnated filter paper (PJ soil test. Soil Sci. Soc. Am. J. 53:110-115.
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Phosphatase Radical Activity Response of Wheat and Titicale to
Deficiency of Phosphorus in Nutritive Solution
G. Cruz F., J. L. Titado T„ and G. Alcantar G. Centro de Edafologia,
Colegio de Postgraduados, Montecillo, México.
INTRODUCTION. The phosphatase activity (PA) have been estimated
in different vegetables species of agricultural interest and it
has been evaluated as adaptative mechanism to the stress by
phosphorus deficiency (1, 5) The triticale (Triticosecale
X
Wittmack)
a cereal that was produced artificially and wheat are
a good source of carbohydrates and proteins. In acid soils like
Andisols there is a factor that limits the grain production.
This factor is the low availavility of phosphorus wich is
attributed to fixation in amorphous mineral (8). This situation
induce high applications of phosphatic fertilizers that cause
the scarcity of the harvested products and the gradual
impairment of the edafic conditions as a result of the high
rates of fertilization. To solve to this problem some studies
have been pointed to substitute sensitive varieties to the
nutrients deficiency for other more efficient.
MATERIALS AND METHODS. Acid phosphatase activity evaluated was
of roots of eight genotypes of triticale and four of wheat by
the p-Nitrophenyl
phosphate
(p-NPP) technique. The
free
p-Nitrophenol in fimol*mg of fresh matter*h
was determinated.
To obtain that 8 triticales were sown in agrolite: Alamos,
Cananea 79, Eronga 83, Stier 25, Tarasca 87, CB 542, CB 643 and
CB 644 and Patzcuaro Wheat 4 lines in unicel nurseries,
distilled water was added only for 2 weeks previous of the
transplant to complete nutritive solutions with 0.0, 0.3, 0.6 an
1.2 meg/1 of phosphorus. Extraction of this nutrient (total
extraction) in shoot and root was determinated.
RESULTS AND DISCUSSION. Radical acid phosphatase activity. If
phosphorus level in nutritive solution is increased the
phosphatase activity of root of triticales and wheats is inhibit
partially with significant results for doses and for genotypes,
too. Under lack of phosphorus, Eronga 83 an CB 643 present the
major phosphatase activity with values, of more than 5 and 2.5
times superior in relation, of that presented when there is
phosphorus in a nutritive medium. Other authors have indicated
the presence of acid phosphatase like here determinate in plants
and that is induce whit the phosphorus deficient (2) . The wheat
to be evaluated whit another 8 cultivated vegetables species
made increased the phosphatase activity under lack of phosphorus
(5).
Phosphorus extraction (PE). The phosphorus extraction of wheats
and triticale increase in measure that the level of this is,
increase in nutritive solution whit significant results for
phosphorus doses, but not for genotips.
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The major phosphorus extraction
(PE) when this element is
applicant in 0.3 meq/1 level to nutritive medium it has in
Eronga and follow it Tarasca, Cananea and CB 542. This results
and the acid PA let an important deduction "Phosphatase Activity
decreased for the triticales like as for wheat when the quanty
of phosphorus in the tissues is increased" The correlation test
(r = -0.405) that resulted significant between PA and EP, is
corroborated the inverse relation between this variables.
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CONCLUSIONS, the radical acid PA could be an important parameter
of genotips selection for acid soils zones. The triticales
present major acid radical PA than the wheats and major EP and
finally to minor level of phosphorus in the nutritive medium,
there's minor extraction of this nutriment and major acid
radical Phosphatase Activity.
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Introduction. Spatial variability must be considered to estimate the
intensity with which a soil must be sampled. An important aspect of sampling,
which is not taken into account by traditional statistical methods, is that
the samples may be correlated (1).
Great variability of soil phosphorus is well known (2), but there is less
information about the variability of P contents in plant tissue.
The objectives of this work were:-Analysis of spatial variability of available
and adsorbed soil P, and total plant phosphorus at two scales.
-Geoestatistical analysis of these properties by semivariograms.
Materials and Methods. The experiment was conducted on a Typic Argiudoll
of Pergamino ( Argentine Pampa ), under maize. 50 surface samples were taken
in lines with a Z design across a 16 ha plot, and at the center of the plot,
in 1 ha surface, the pattern was repeated. At silking, plant tissue was
obtained from the leaf below and opposite the ear leaf in the same way.
Available P was determined by Bray-1 method; adsorbed P was measured after the
addition of 25 ug P and two hours equilibrium, and total plant P was evaluated
with nitric-percloric digestion.
Results and Discussion. Extractable P presented a great variability as,
shown in Fig.1. Adsorbed P was less variable and plant P presented the lowest
variability. ANVA results for the entire plot and for the ha remarked the
significance of space variability compared to variability within the 3
replications of each sample.
Spatial distribution of P values was different along the transects and for the
two scales
of observation .The only P variable that fitted
normal
distribution was total phosphorus in plants. To calculate minimum number of
samples, non-normal results from soils were transformed.
Figure 2 presents some examples of the semivariograms. Sxtractable P presented
a spatial tendence in transects PI and HI. The rest of the cases, including
adsorbed P and plant P showed "nugget" effect.
Conclusions:
- Scale affected the spatial distribution of P forms but didn't affect type of
distribution. Normality was related to the kind of variable.
- Plant P presented normal distribution in both scales, and "diluted" soil
variability. Sampling intensity could be much lower than in soils.
- Soil P didn't fit normal distribution and had great spatial variability.
Adsorbed P was less variable than Bray-P.
- P distribution in soils was anisotropic, with some spatial dependence for
extractable P and nugget effect predominance for adsorbed and plant P.
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Content of extracted P and S with different extracting
solutions for Costa Rican' soils
G. Cabalceta. Centro de Investigaciones Agronómicas, Universidad de Costa
Rica, San José, Costa Rica.
Introduction. In Costa Rica, there is not enough research about the P and S content on Ultisols,
Vertisols, Inceptisols and Andisols (1,2). In addition, there is not information on those elements
on Costa Rican's soils, using the Mehlich 3 methodology. The main objective of this work was to
compare five extractant solutions on four soil orders in Costa Rica.
Materials and Methods. Different methods for P extraction, modified Olsen, Mehlich 3, Mehlich
1, Bray 1 and modified Morgan, and for S, Ca(H2P04)2-CaCl2, Ca(H2P04)2, KH 2 P0 4 , Morgan
modified and Mehlich 3, were evaluated on various soil orders, Ultisols, Vertisols, Inceptisols and
Andisols, using 25 soils samples for each order.
Results and Discussion. The amount of extracted P and S depended on the chemical solutions
attributes and soil properties (Table 1) There was a high correlation between the methods on P
extraction and the soil order; however, the highest correlation coefficient (r > 0.9) were obtained
with Mehlich 3, Mehlich 1 and Bray 1 solutions, except for Mehlich 3 on Vertisols order. These
results show that they can be adapted to different soil properties (physical, chemical and
biological). Modified Olsen and Morgan solutions presented the highest correlation coefficient on
Ultisols and Vertisols. The correlation level between the different S extractant solutions was low,
it varies between r = 0.581 and r = 0.964. The highest values correspond to the solutions with
phosphates, especially those for Vertisols.
Literature Cited.
(1) Coward, H. 1975. Correlación y calibration de métodos empleados en la determination de P
en el suelo. Tesis Lie. Quimica, San José, Costa Rica, Universidad de Costa Rica, Facultad de
Ciencias, Escuela de Quimica. 67 p.
(2) Vargas, M.; Bertcsh, F.; Cordero, A. 1992. Comparación de métodos de extraction de
fósforo, potasio, calcio y magnesio disponible en Vertisoles de Ganacaste, Costa Rica.
Agronomia Costarricense 16 (1): 115-123.
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Table 1.

Content of extracted P y S (mg/1) with different extrantant solutions on Costa
Rican's soil.
p
Mod. Olsen

Mehlich 3

Mod. Morgan

Mchlich 1

Bray 1

—ing/i

Average
Est. Error

5.21
0.87

Average
Est. Error

8.61
2.12

Average
Est. Error

6.91
1.30

Average
Est. Error

18.79
4.15

ULTISOLS
2.69
0.55
VERTISOLS
10.37
1.57
INCEPTISOLS
11.22
2.02
ANDISOLS
18.45
5.90

4.63
1.41

1.03
0.39

2.23
0.84

19.98
9.61

8.86
3.59

11.73
3.26

3.63
0.77

8.57
1.39

10.31
2.10

11.95
2.25

20.88
7.51

27.53
8.70

1vlod. Morgan

Mchlich 3

K 2 P0 4

39.00
10.76

42.37
3.24

31.40
4.86

20.27
6.82

42.79
3.43

22.91
3.50

18.38
3.41

33.76
2.02

15.77
1.13

43.01
5.61

39.72
2.45

25.88
2.65

S
Ca(H2P04)2+CaCl2

Average
Est. Error

11.60
2.13

Average
Est. Error

28.52
4.50

Average
Est. Error

17.05
1.36

Average
Est. Error

2.01
1.33

Ca(H2P04)2

ULTISOLS
11.69
2.18
VERTISOLS
15.14
2.94
INCEPTISOLS
6.05
0.67
ANDISOLS
8.49
1.10
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Critical P and S Soil Test Levels in Ultisols, Inceptisols,
Vertisols and Andisols of Costa Rica.
G. Cabalceta* and A. Cordero. Centro de Investigaciones Agronómicas,
Universidad de Costa Rica, San José, Costa Rica.
Introduction. Costa Rica did not have critical levels of P and S on different soil orders of
agricultural importance. Before this work, there was general information about critical levels for
different elements on various Costa Rican' soils (1,2). The objective of this study was to determine
the critical level of P and S on Ultisols, Inceptisols Vertisols and Andisols of Costa Rica.
Materials and Methods. The critical level of P and S was studied using the Cate and Nelson
methodology. The extracting solutions of Mehlich 3, Mehlich 1, Bray 1, modified Olsen and modified
Morgan were used to evaluate the critical P levels and Ca(H2P04>2-CaCl2, Ca(H2P04>2, KH2PO4,
Morgan modified and Mehlich 3 were utilized to estimated the critical S levels on different soil orders,
Ultisols, Vertisols, Inceptisols and Andisols, using 25 samples for each order. The experiment were
developed on a greenhouse using a sorghum (Sorghum bicolor).
Results and Discussion. The P critical levels extracted with different solutions are shown on
Table 1. The P critical level extracted with Mehlich 3 solution was similar to other solutions (modified
Olsen, Bray 1 and Mehlich 1) on Vertisols, Inceptisols and Andisols.
Table 1. P critical levels on four Costa Rican soil orders using different extractant solutions.
EXTRACTANT SOLUTIONS
SOIL
ORDER

MODIF. MEHLICH 3
OLSEN

MODIF. MEHLICH 1
MORGAN
mg P/L--

BRAY1

ULTISOLS

6

3

4

1

2

INCEPTISOLS

7

6

4

7

5

VERTISOLS

10

13

20

10

11

ANDISOLS

18

16

8

15

20

GENERAL
CRITICAL
LEVEL

10

10

5

8

6
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Table 2 shows the S critical levels extracted with various extractans solutions. When using the values
of critical level determined using phosphates solutions were very different no only among different
orders but also within the same order. The highest values were observed using Ca(H2P04)2-CaCl2
solution, followed by KH2PO4 solution.
Table 2. S critical levels on four Costa Rican soil orders using different extractant solutions
EXTRACTANT SOLUTIONS
SOIL
ORDER

MEHLICH 3 Ca(H 2 P0 4 ) 2 Ca(H 2 P0 4 ) 2 KH 2 P0 4
+ CaCl2

MODIF.
MORGAN

m n C/T
" ' 6 >-"'-'

ULTISOLS

36

10

7

22

19

INCEPTISOLS

32

5

12

14

20

VERTISOLS

32

9

20

12

44

ANDISOLS

31

5

8

21

25

ENERAL
CRITICAL
LEVEL

31

6

13

11

19

The best extracting solution to determine the P and S critical levels was Mehlich 3 on the Costa Rican
soils.
Literature Cited.
(1) Bertsch, F. 1987. Manual para interpretar la fertilidad de los suelos de Costa Rica. San José,
C.R.. Oficina de Publicaciones de la Universidad de Costa Rica. 81 p.
(2) Dfaz-Romeu, R.; Hunter, A. 1978. Metodologfa de muestreo de suelo, analisis qufmico de suelos
y tejido vegetal y de investigación en invernadero. Turrialba, C.R., CATIE. 61 p.
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Etude de 1'assimilibilite des Ions PO/en Sols Tropicaux par
Methodes Chimiques, Physico-chimiques et Isotopiques
E. Pena C, et F. Jacquim. Departamento de Ciencia del Suelo, UAAAN,
Saltillo, Coahuila, México et Service Sciences du Sol, ENSAIA, 54501 Vandoeuvre
les nancy, France.

INTRODUCTION. L'importance du phosphore dans la nutrition des
végétaux est reconnue depuis longtemps. A la difference d'autres
anions qui sont retenus en faibles quantités sur les colloides du
sol et peuvent ttre facilement lessivés, les ions phosphate
peuvent ê*tre retenus en quantités considerables et sont tres peu
mobiles ainsi dans un sol contenant plusieurs tonnes de phosphore
par hectare les végétaux peuvent montrer des symptomes de
carences.
Une étude menée par ROCHE (3) a montré que la plupart des sols
tropicaux sont pauvres en phosphore ce qui constitue un des
principaux facteurs limitant Ie rendement. L'emploi des engrais
phosphates est indispensable a 1'intensification agricole de ces
regions, cependant Ie coüt élevé de ces engrais fait que leur
utilisation doit être raisonnée afin d'optimiser les coüts de
production.
Or, dans Ie meilleur des cas Ie technicien ou 1'agriculteur ne
dis pose pas des résultats d'un analyse de sol pour raisonner la
fumure phosphatée. Cependant ces résultats restent difficiles a
interpreter car ils ne permettent de connaltre qu'une quantité de
phosphore extractible par un réactif donné et considéré comme
assimilable.
Dans cette recherche nous nous sommes intéresses plus
particuliérement a 1'assimilabilité du phosphore dans des sols
développés
dans des regions subsahélinnes d'Afrique.
L'offre
potentielle de ces sols en phosphore après apport ou non de
phosphate diammonique et de paille de riz ont été caractérisée
par différentes techniques d'investigation et grace a des essais
en vases de vegetation cette offre potentielle a été comparée au
phosphore réellement assimilé par une plante test.
MATERIELS ET METHODES. Deux sols agricoles de deux regions
différentes ont été choisis pour notre étude, a savoir: un sol
ferrugineux de Faraco-ba (Burkina-Faso) et un vertisol topomorphe
de la region du fleuve Senegal. Pour determiner 1'assimilabilité
du phosphore nous avons choisi différentes methodes chimiques,
physico-chimiques et isotopiques: la fraction dite "assimilable"
a été estimée par la methode Olsen, modifiée par Dabin (1);
desorption du phosphore du sol sur une resine echangeuse d'anions
en 48 h (3) et mesure des variations du phosphore isotopiquement
diluable provenant de diverses sources incorporées aux sols
(Valeur L) proposée par LARSEN (2).
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RESüLTATS ET DISCUSSION. En ce qui concerne a la methode OlsenDabin 1'apport de 100 Mg P/Kg sol fait augmenter plus ou moins
cette fraction selon le type de sol, ainsi nous avons un P O-D de
88 y 45 Mg P/Kg sol pour le sol ferrugineux et le vertisol
topomorphe respectivement.
Les différentes guantités de
phosphore extrait par la methode O-D sont en parfait accord avec
les pouvoirs fixateurs des sols. Le phosphore "assimilable"
supplementaire gu'on extrait avec la methode de resine apres les
apports de 100 Mg P/Kg sol est de 61 et 64 Mg P/Kg sol pour le
sol ferrugimeux et le vertisol topomorphe respectivement il faut
noter que le sol ferrugineux réagit comme le vertisol topomorphe.
L'apport de paille seule n'a pas d'effet sur le phosphore
"assimilable". Or la paille avec le phosphore n'entratne pas de
modifications importantes dans le vertisol; par contre, elle a un
effet dépressif tres fort dans le sol ferrugineux.
Les valeurs L des traitement témoin est en parfait accord avec
ceux concernant les methodes OLSEN-DABIN et resine, et qui
renseignent sur le mauvais état de fertilité phosphorique de ces
sols. L'apport d'engrais soluble provoque des augmentations des
valeurs L tres net et une grande partie du phosphore apporté
participe au pool des ions isotopiquement diluable.
Nous
observons un effet dépressif par adjonction de la paille peu
sensible mais signif icatif.
Dans les deux cas, on note
1'efficacité du phosphore soluble pour fournir des ions
phosphates dans le pool des ions isotopiquement diluables. Le
réactif de la methode OLSEN-DABIN extrait entre 45 et 88% du
phosphore apporté et entre 61 et 64% reste échangeable avec les
anions de la resine done une grande partie du phosphore est sous
forme extractible ou échangeable.
Effet des traitements sur les différentes formes
de phosphore.
Sols et traitements
sol ferrugineux
sol + P
sol • paille
sol + P • paille
Vertisol topomorphe
sol* P
sol + paille
sol • P + paille

formes de phosphore mgP / kg sol.
OLSEN-DABIN Resine (F-) Valeur L
22
19
10
95
107
71
7
17
5
73
58
48
19
14
20
101
65
78
20
19
14
91
62
68
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PRACTICAL METHOD TO SELECT SAMPLING SITES ON
A CROP SPECIES
F. Lang*, I. Gonzalez. Teacher Institute) Tecnolóogico agropecuario, Pozo de Ibarra,
Nay., México.
Introduction. Sampling is a procedure to estimate the population parameters by knowing just a part of
it. The sampling theory states that, in order to reach a high level of accuracy and precision some factors
must be considered; the sampling technique, sample size, and selection of the sampling site should be at
randem (1). Selection of such sample sites is considered one of the major problems. A practical and
equitable procedure is underlined which consists on the generation of X,Y points to ensure the
population's representative by considering a random distribution pattern.
Procedure and results. The nature of the study determines the sampling characteristics, but this study
was undertaken considering a number of assumptions: a) each experimental site is divided on 10 similar
sampling sites; b) in each sampling sito a sample is taken considering anly 20 m on the selected row; c)
the border effect must be eliminated by removing 5 m on each sampling site and 10 m at beginning and
end of selected rows; and d) the experimental site must consist of 100 rows, 100 m long each (2). The
10 X, Y points are generated using a random number table and the procedure is as follows: a) to select
the row for tiie "X" point, we take the numbers of the first two columns downwards; if the same number
has been already taken for the previous site, then it is set on to the upper sites and the values are 82, 8,
23, 47, 19, 28... To select the length of the row "Y", we take the first two columns upwards; the values
for the lower sites are: 28, 12, 20,... To remove the 10-m borders, we choose numbers between 11 and
30. For the upper sites, we choose between number 51 and 70 and considering the last two columns of
the table upwards the numbers are: 55, 69, 57, 53, and 59. The resulted "X,Y" points are showed in
(table 1) and these are constant numbers that represent the previous values considering 100 rows, 100-m
long each. These values multiplied by the number of rows and their length will give rise to the "X,Y"
points which are adjusted to a particular study site. The row length can be measured either with a meter
or by counting number of steps. This procedure has two main constrains: a) if the area to be sampled has
irregular contour, the sampling site has to be shaped in such a way that most of the area is considered;
and b) if the sampling site has less than 100 rows and less than 100 m in length each, then the constant
values must be adjusted again for the process of removing the border effect.
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Table 1. X,Y points adjusted to the sampled experimental site.
Number of rows (NR):
Row length (RL):
Sample

1
2
3
4
5
6
7
8
9
10

X

Y

X'Y

0.08 x NR 0.28 x RL (
0.19xNR0.55xRL(
0.23xNR0.12xRL(
0.28 x NR 0.69 x RL (
0.41 xNR 0.57 x R L (
0.47 x NR 0.20 x RL (
0.72 xNR0.17 x R L (
0.67 xNR0.53 x RL (
0.82xNR0.13xRL(
0.84 xNR0.59 x RL (

Date:
Record:
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(1) Cochran, W. C. 1982. Técnicas de Muestreo. CECSA, México, 513 pp.
(2) Gonzalez, A., I. J. 1991. Metodologia de muestreo para estimar rendimientos en frijol CESIX,
INTFAP, Nayarit, México. S/P.
(3) Little, T. 1985. Métodos estadisticos para la investigación en la agricultura. Publishing Trillas,
México 235 pp.
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Acid Ammonium Acetate-EDTA Extraction Method in Soil
Testing and Environmental Monitoring.
J. Sippola. Institute of Soils and Environment, Agricultural Research Center, 31600
Jokioinen, Finland.
Introduction. Specially the environmental concern has increased the need for fast determination of
many elements for characterization of soil condition in addition to soil testing for fertility evaluation.
For pollution studies commonly used total content poorly indicates the bioavailability which for
environmental samples like in soil testing is very important. Mild extractants such as dilute neutral
salt solutions extract mostly very low concentrations to solution so that difficulties in determination
may arise. Addition of a chelating agent EDTA to a previously used soil testing solution, acid
ammonium acetate, increased the extractability of many elements so that determination was possible
without difficulty(l). This paper reports results obtained with this method and evaluates its
possibilities as an universal extractant.
Materials and Methods. The sample material of the study consisted of 118 samples collected from
13 European countries participating to the activity of the F.A.O. European Cooperative Network
on Trace Elements(2). Up to ten soil and plant sample pairs were collected from winter wheat field
at the mid tillering stage of the crop. Samples were send to the Institute of Soils and Environment
where all determinations reported here were made.
Soils were extracted using 0.5 M ammonium acetate - 0.5 M acetic acid solution with pH of 4.65
and containing 0.02 M EDTA(l). The soil to extractant volume/volume ratio was 1 to 10 and time
of shaking 1 hour. Winter wheat samples were digested with dry ashing and for certain elements
using wet ashing. Determinations of elements in soil and plant extracts were made using ICP- or
AA-spectrometry. The soil results are indicated as mg/1 soil.
Results and Discussion. The pH of the soils ranged from 5.0 to 8.3 with a mean of 7.0 showing
a good variation in this soil property and indicating suitability for method evaluation. In case of
some high pH soils the break down of soil carbonate was likely because of high calcium content in
some extracts. This will limit the applicability of the method for soils which pH is not very much
on the alkaline side.
The addition of EDTA to the acid ammonium acetate has not been found to affect the extraction of
most macronutrients except phosphorus and sulphur. Phosphorus may be extracted in 4 - 7 times
higher quantities depending on soil type compared to acid ammonium acetate without EDTA. The
respective increase in extracted sulphur is double. The extraction of trace elements is increased much
more, up to twenty times in case of copper. One likely source of elements brought into solution are
those bound as organic complexes.

133

According to results the concentration of B in soil ranged from 0.0 to 3.3 mg/1 with a mean of 0.9
mg/1. The respective values for Cu were 0.2 to 74 with mean of 6.3, for Mn 14 - 1248 with mean
of 199, for Zn 0.1 - 332 with mean of 11, for Cd 0.01 - 64 with mean of 0.3, for Pb 1.1 -599
with mean of 17 and for Se 0.003 - 0.052 with a mean of 0.017.
The correlation coefficients between extractable macronutrient and trace element concentrations in
soil and those of winter wheat all except Mn and Se with p<0.01 were as follows: P r=0.33, K
r=0.51, Mg r=0.40, S r=0.46, B r=0.56, Cu r=0.57, Mn r=0.09(NS), Zn r=0.87, Cd r=0.88,
Pb r=0.96 and Se r=0.33(p<0.05). Correlations were significant except in case of manganese
which bioavailability is known to be highly dependent on oxidation - reduction conditions in soil.
To improve the value of soil test data in case of manganese a correction factor based on soil pH has
been proposed(3). In this sample material the correction of manganese test values according to the
proposed method improved the correlation from 0.09 to 0.34 showing the importance of pH on
availability of manganese and usefulness of the correction. The introduction of such correction
facteors significantly increases the possibilities of the method as universal extractant.
According to the results the acid ammonium acetate-EDTA extraction method is useful in addition
to the soil testing for fertilizer recommendations also for environmental soil quality evaluations. A
good correlation obtained in case of boron for which water extraction has been generally accepted
method is an indication that acid ammonium acetate-EDTA has a potential to be an universal
extractant. The interpretation of boron results for Finnish conditions has been given(4). Also the
possibility to improve the prediction value of analytical results by using correction coefficients
improves the possibilities of the method. It has been already used to analyze a number of variable
soils for bases of interpretation(3,5). The buffering of the extraction solution to an acidic pH
restricts its most suitable area of application to acidic soils, however.
Literature Cited
(1) Lakanen, E. and Erviö, R. 1971. A comparison of eight extractants for the determination of
plant available micromutrients in soils. Acta Agr. Fenn. 123: 223-232.
(2) FAO. 1985. Report of the 1985 consultation of the European cooperative network on trace
elements. 12 p. + 6 app. FAO, Rome.
(3) Sillanpaa, M. 1982. Micronutrients and the nutrient status of soils: a global study. FAO soils
Bull. 48. 444 p. FAO, Rome.
(4) Sippola, J. and Jansson, H. 1993. Acid ammonium acetate and acid ammonium acetate-EDTA
soil tests in assessing soil boron. Commun. Soil Sci. Plant Anal. 24: 777-787.
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Further Development of the KCl-40 Soil Sulfur Test and the
Soil S fractions Extracted
Geoffrey C. Anderson, N. Chinoim, Graeme J. Blair*, and Rod D.B. Lefroy,
Department of Agronomy & Soil Science, University of New England, Armidale, NSW
2351 Australia.
Introduction. Plants take up sulfur (S) in the form of sulfate from the soil solution which is in
equilibrium with adsorbed sulfate and organic S, with the organic S considered to be the main
source of replenishment (3). Soil organic S is separated into ester sulfates and carbon bonded S,
with the ester sulfates being the more labile fraction (2). When evaluated on 18 sites in Northern
NSW Australia, the amount of S extracted from soil with 0.25 M KC1 heated for 3 hours at 40 C
produced a higher correlation with % maximum yield than the more commonly used extraction
with 0.01 M Ca(H2P04)2 shaken for 1 hour at 25°C (MCP) due to the extraction of significant
amounts ester sulfates (1).
The two main techniques for measuring S concentration in solution are by the use of an Inductively
Coupled Plasma - Atomic Emission Spectrometry (ICP-AES) and the BaSC>4 turbidimetric method.
The advantage of the ICP-AES method compared to the turbidimetric method is that it measures
the total S content in soil extracts which contain soluble organic S. In contrast, in the turbidimetric
method the presence of organic matter (OM) in the soil extract with the formation of the BaS0 4
precipitate. As a result, the solution needs to be either treated with ferric hydroxide or charcoal to
remove the organic S, or to be hydrolysed to sulfate by digestion.
The aim of this paper is to evaluate the KCl-40 soil S test over a wider range of soil and pasture
types and environments than used in its development (1) (verification studies) and to develop a
turbidimetric method which will measure both the sulfate and the soluble organic S in the KCl-40
soil extract.
Material and Methods. The verification study was conducted by the collection of soil from a
further 30 sites throughout Australia. In the experiments, phosphate was applied as triple
superphosphate and S as single superphosphate. The soil samples were taken prior to fertiliser
application in May or June with pasture yield measured in the following winter and spring periods.
The KCl-40 method involves extracting soil S by heating 3 g in 20 mL of 0.25 M KC1 at 40 C for 3
hours, filtering and analysing for S by ICP-AES (1). The MCP method involves extracting soil S by
shaking 4 g of soil with 0.01 M CaCI^PO^ solution for one hour at 25 C, filtering and analysing
for S by ICP-AES (1). The relationship between the concentration of S extracted by the various
extractants (|i.g S g-1 soil) and the % maximum yield, calculated as ((yield from triple
superphosphate/yield form single superphosphate) x 100) was established by fitting the
Mitscherlich relationship of the form: Y = A[\ - exp(-c(X-/n)] where A = % maximum yield which
was set at 100; X = soil test value (|J.g S g-1 soil); c = curvature coefficient; and m = intercept. The
fitted curves for the two soil test were compared using the original calibration curve (1) versus the
calibration curve derived using the original plus the new set of data. The modification of the
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turbidimetric method to include soluable organic S involved transferring 5 mL of the KCl-40
solution to a 50 mL Schott bottle and adding 1 mL of 30 % hydrogen peroxide and placing it in an
oven at 80°C for 16 hours and analysed for sulfate using the turbidimetric method (4).
Results and Discussion. The KCl-40 test was observed to remained more highly correlated
(r2=0.55) than the MCP test (r2=0.28) to pasture response to applied S (Figure 1). The higher
correlation observed for the KCl-40 compared to the MCP rrethod was related to greater extraction
of ester sulfate (1). The critical values for the KCl-40 and MCP soil tests were defined as 5.9 and
8.2 u.g S g"1 soil respectively. The ability of the KCl-40 soil sulfur test to predict sulfur response
would be expected to be reduced when there is accumulation of S below the sampling depth but
still accessible to plants.
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In the verification study the S concentration in the soil extracts was measured using an ICP-AES.
Currently most commercial soil testing laboratories do not have access to this equipment. As a
result pre-treatment of the digest using hydrogen peroxide was developed. Pre-treatment with H2O2
was sufficient to digest the soluble OM present in the KCI-40 soil extract. This removed the OM
interference which occurs when turbidimetric analysis is used to measure sulfur concentration in
undigested soil extracts. The high correlation (y = 1.04x, r2=0.98)between total S measured by the
ICP-AES and S measured turbidimetrically following H2O2 treatment suggests that S in the
KCl-40 S extract can be easily determined by the turbidimetric method.
Literature Cited.
(1) Blair, G.J., Chinoim, N. Lefroy, R.D.B., Anderson, G.C. and Crocker, G.J. (1991) A soil S test
for pastures and crops. Australian Journal of Soil Research 29, 619-626.
(2) Freney, J.R., Melville, G.E., and Williams, C.H. (1975) Soil organic matter fractions as sources
of plant available-sulphur. Soil Biological and Biochemistry 7, 217-221.
(3) Till, A.R., and May, P.F. (1971) Nutrient cycling in grazed pastures. 4. The fate of sulphur-35
following its application to a small area in a grazed pasture. Australian Journal of Agriculture
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(4) Till, A.R., McArthur, G.S., and Rocks, R.L. (1984) An automated procedure for the
simultaneous determination of sulfur and phosphorus and radioactivity in biological samples.
Proceedings of Sulphur-84, Calgary, Alberta, Canada. 3-6 June. (Sulfur Development Institute
of Canada, Calgary, Canada) pages 649-60.
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A Simple Test for the Acid Neutralizing Capacity of Soils
B. du Toit and M.V. Fey. Department of Agronomy, University of Natal, P.O.
Box 375, Pietermaritzburg 3200, South Africa
Introduction. Soil buffering imparts resilience to ecosystems threatened by acidification from
crop production and pollution(l). The acid neutralizing capacity (ANC) of soil can be estimated
by full assay(2) or by serial titration with strong acid(3). A less tedious method is desirable
for the routine estimation of soil sensitivity to acid inputs.
The pH of a buffered weak base solution equilibrated briefly with a soil sample is reliable for
estimating time requirement because it quantifies the base neutralizing capacity (BNC) of acid
soils by bringing an efficient proton sink into contact with soil particle surfaces without
exposing these surfaces to extremes of pH (4,5,6). The present study aimed to extend this
principle to estimating ANC by measuring the pH of a suspension of soil in a weak acid solution.
Materials and Methods. The ANC of 20 soils of divergent base status, texture and mineralogy was
determined by serial titration with HC1 involving 3 days of equilibration, drying at 35°C, and pH
measurement of the acidified soil in a 0.01M CaCU suspension (1.2 5 soil; solution ratio). The
titration curve for each soil was used to calculate the acid needed (ANC) to achieve ph 3.8.
Buffer solutions containing different concentrations of acetic acid, sodium or potassium acetate
and calcium chloride were mixed with soil (1:3 volumetric soil; solution ratio) and titrated with
NaOH or HC1 to establish a suitable buffer composition for achieving aproximate linearity of the
titration curve in the acid range. Thereafter a method was standardized for ANC estimation by
shaking 5cm soil with 15 cm buffer solution for 15 min and standing for a further 15 min before
measuring the pH of the supernatant.
Results and Discussion. The 20 soils with pH in CaCl 2 ranging from 4.00 to 6.85 had ANC values
(by HC1 titration to pH 3.8) ranging from 0.3 to 9.3 cmol L . The final pH (termed pHtJ of a
buffer mixture consisting of 0.01M HOAc, 0.001M KOAc and 0.1M CaCU, adjusted to pH 3:5 then
equilibrated with soil in a 3:1 volumetric ratio for 30 min, correlated very highly significantly
(r = 0.96; n = 20) with ANC, permitting is estimation from the equation:
ANC = 9.6 pH b - 36.5
For practical purposes and ANC value of 1 cmol L' is equivalent to 5000 kg CaCOi per ha of soil to
a depth of lm. This simple method for ANC estimation has the potential for popular use in
predicting and monitoring the environmental impacts of acid-forming processes. It will allow a
reliabe estimate rapidly to be made of soil sensitivity to acids, permiting an easier
classification of land systems according to their chemical fragility.
Literature Cited.
(1) Fey, M.V. Manson, A.D. & Schutte, R. 1991. Acidification of the pedosphere S. Afr. J. Sci. 86:
333-340.
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(4) Woodruff, CM. 1948. Testing soils for lime requirement by means of a buffered solution and
the glass electrode, Soil Sci. 66: 53-63.
(5) Shoemaker, H.E., McLean E.O. & Pratt, P.F. 1961. Buffer methods for determining lime
requirement of soils with appreciable amounts of extractable aluminum. Soil Sci. Soc. Amer.
Proc. 25: 274-277.
(6) Adama, F. & Evans, C.E. 1962. A rapid method for measuring lime requirement of red yellow
podzolic soils. Soil Sci. Soc. amer Proc. 26: 355-357.
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The Phytoavailability Soil Test for Rice
A. Dobermann*, M.A. Adviento and M.F. Pampolino. The International Rice
Research Institute. Soil and Water Sciences Division. PO Box 933, Manila 1099,
Philippines.
Introduction. Ion exchange resins are widely used to characterize plant available nutrients, either
using batch techniques or kinetic approaches (1). The phytoavailability soil test (PST) is based on
incubation of water-saturated fresh soil samples and extraction of nutrients using spherical resin
capsules (2, 3). The objective of this study was to investigate the general suitability of the PST
method as a soil testing method for rice.
Material and Methods. Topsoil (0-20 cm) was sampled between 20 to 40 days after transplanting
from long-term soil fertility experiments with rice conducted at 12 sites in the Philippines, India,
China, Indonesia, and Vietnam. Soil cores were sampled from 6 fertilizer treatments (0-0-0, N-0-0,
N-P-0, N-0-K, 0-P-K, N-P-K) and combined samples were anaerobically incubated at 30 °C for 14
d. Mixed-bed resin capsules were removed from the soil after 1, 2, 4, 7, and 14 d and the amounts
of P, N, K, Ca, Mg, Na, Fe, and Mn adsorbed on the capsules were measured using the PST
procedure (3).
Results and Discussion. The kinetics of resin adsorption quantities (RAQ) varied over a wide range
and were generally well described by the fractional power equation
RAQ(ijt)=at"
b < 1
[1]
where RAQ (it) is the quantity (nmol cm 2 ) of nutrient i adsorbed by the resin at time t (days) and a
and b are kinetic constants. The multiplicative coefficient a expresses the amount of nutrients
adsorbed within the first 24 h of incubation and is an indicator of the magnitude of readily available
nutrient fractions in the soil. It was highly correlated to standard soil tests. As these readily available
forms become depleted near the capsule surface, adsorption rates decline as well and are determined
by diffusion from greater distances and/or slow release of nutrients from the soil solids. The rate
constant b reflects both processes and was correlated to more stable soil properties (soil texture,
CEC, organic matter). Equation [1] was valid for a very wide range of soils and all eight ions
studied in the anaerobic system. Therefore, the method can be reduced to only two incubation times
to calculate the kinetic constants of nutrient release (1).
Long-term effects of different fertilizer application were reflected in the nutrient release
kinetics of N, P, and K at most sites. As an example, treatments that received P for more than 25
years had significant greater release of P and larger a and b coefficients (b 0.31-0.70) than zero P
treatments (b 0.10-0.19; Fig. 1). The accumulation of P reserves in the O-P-0 treatment is striking
and reflects lower uptake rates caused by N or K deficiencies in comparison to the N-P-0 or the N-PK treatment. Since P uptake is at a maximum in the N-P-K treatment, accumulation of moderately
available P on the resin (as indicated by b 0.310) was less intensive and most of the P applied seems
to remain in readily available, acid soluble forms (a 0.724).
Ion exchange reactions (proton release) at the capsule simulated acidification processes occurring in
the rhizosphere of rice. Iron oxidation, H + release by the rice root and depletion of C0 2 are the
main causes of rhizosphere acidification in lowland rice (4).
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A resin capsule in its H+/OH" form inserted into an anaerobic soil paste similarly acidified
adjacent soil (Fig. 2). Acidification was especially rapid during the first two days, when the ion
adsorption rates are highest. A pH depletion of one to more than two pH units was measured,
depending on the buffering capacity of the soil, which is in turn influenced by the long-term
management status. Acidification was larger in the zero-fertilizer treatments than in the N-P-Ktreatments.
Because of its kinetic nature, incubation conditions that are similar to a ricefield (use of fresh
soil samples, water saturation, 30 °C temperature), its multi-element character, and its simplicity the
PST method offers promising potential for standardized soil testing in rice soils. The method seems
to characterize pools of different nutrient availability in soil and may be also useful in studying
multi-nutrient movement toward root surfaces. Calibration research with rice is ongoing in order to
derive fertilizer application recommendations based on PST results.
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Soil Test Crop Response Studies in the South
Pacific
M. Eaqub', L.G.G. Yapa, K. Chand, S. Halavatau, M.J. Bonin, J.S. Poihega
and C.J. Asher. Soil Science Section, The University of the South Pacific,
Alafua Campus, Apia, Western Samoa.
Introduction. Soil testing is a useful guide in recommending fertilizer doses provided the data
are calibrated with crop response information. It is being practised in many parts of the world
with reasonable success. Though the use of fertilizer has started to pick up over the last decade
in the South Pacific Island Countries, limited literature is available on soil test crop response
studies. The root crops like yam and taro are staple food of the region. Therefore, the present
study was undertaken in April, 1992 to recommend fertilizer doses based on soil test, pot trial
and field crop response studies.
Materials and Methods. The study was carried out in two tropical Island Countries of the
South Pacific. For soil test, pot trial and field experiment, three sites - one in the Kingdom of
Tonga and the other two in Western Samoa - were selected in June, 1992. The Vaini Tongan
soils (VTS) was under coconut-yam/taro for the last 30 years and situated in the Vaini Research
Station 20 km south of Nuku'alofa. Two Western Samoan soils are located in the Laloanea Farm
of the University of the South Pacific (USP) 35 km northwest of Apia. The Laloanea Cropped
Soil (LCS) was abandoned after cropping taro for seven years due to low fertility, whereas
Laloanea Virgin Soil (LVS) was just cleared for taro cropping. The detail soil analysis was done
following the New Zealand Soil Bureau methods and classified following USDA Soil Survey
Staff procedure. The data are presented in Table 1.
Table 1. Characteristics of three soils

Characteristics
Textural Class
Soil Taxonomy
pH (water)
Total N (%)
Org. C (%)
Olsen P (mg/kg)
P-retention (%)
Ex. Ca (cmol+/kg)
" Mg "
" K "
" Na "
CEC
% BS
Field Capacity (%)
Wilting point (%)

VTS
Clay
Typic Agriudoll
6.2
0.5
5.0
39.0
67.0
28.0
8.9
1.6
0.6
45.0
85.4
36.0
27.0
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LCS
Silty Clay
Typic Humitropept
5.4
0.2
3.9
17.0
90.0
2.8
2.1
0.2
0.2
15.9
31.8
54.0
42.0

LVS
Silty Clay
Typic Hur
5.8
0.8
9.1
33.0
85.0
4.0
2.7
0.4
0.3
22.0
32.3
61.0
45.0

The pot trials were conducted during July-December 1992 following Australian procedure (1).
Based on soil test and pot trial information (data not shown), the treatments were selected for
field trials (see Table 2 for details).
Results and Discussion. The results of soil test and pot trials indicate that the Tongan soil was
deficient in P and Mn and Western Samoan soils in P only. During the pot trials both Samoan
soils showed purpling of maize leaves indicating a severe P-deficiency. A P-rated pot trial
confirmed it and hence targeted for field trials. The yield of yam (Dioscorea rotundata) tubers
in Tonga showed the significant increase due to optimum II treatment (30 kg P/ha from TSP
with 2.5 kg Mn/ha from MnCl2) corroborating the pot trial result in this tropical Mollisol. In
Samoan soils, P-application consistently and significantly increased the yield of taro (Colocasia
esculenta) corms in both abandoned and recently cleared soils. The mulch (M45, Erythrina spp.)
was more effective in the abandoned land (3.9% org.C) than in the virgin one (9.1% org.C).
The amendment with lime (L3/L5, pH 5.4-5.8) of Samoan Inceptisols was equally effective in
increasing the efficiency of the applied P. The yield data are in good agreement with the soil test
and pot trial information.
Table 2. Fresh yield of yam tubers and taro corms (t/ha).
Tmt.

VTS

Tmt,

LC$

Tmt.

LVS

Opt. I
(P6oMn5)
Opt.I-P
" -Mn
" +N 50
+ K40
Mulch
Opt. II
(P30Mn25)
Check
No. Reps

41.7

P45

3.0

P30

3.8

38.7
30.5
36.6
41.1
31.2
47.9

P90
P.35

Pao

P,o+M45
P^+Lj

3.8
4.3
6.5
5.1

P90
P60 + M 4 5
P60+L3

4.4
5.9
6.4
5.4

36.3
4
10.4
June 1992May 1993

Check
No, Reps
L^Do.o5
Growing
Period

2.3
6
0.57
Feb.-Aug.
1993

Check
No-Reps
L^Do.Qs
Growing
Period

2.8
6
0.83
Fda-A
1993

LSDO.QJ

Growing
Period

This study brings hope that abandoned land can be as profitable as recently cleared land by using
soil testing as a tool for fertilizer recommendation. This may help to reverse the shifting
cultivation to continuous system - most desirable for the region.
Acknowledgement. The authors thankfully acknowledge the financial support provided by USP
(URC 1/92/4.46 project) and Australian Centre for International Agricultural Research (ACTAR9101 project).
Literature Cited. (1) Colin, C.J. and Grundon, N.J. 1992. Diagnosis of nutritional limitations
to plant growth by nutrient omission pot trials. Bull.Dept.Agric.Univ.Queensland. pp 16.
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Evaluation of Six Soil Extractants for Assessing
Nickel Availability to Wheat
E.A. Elkhatib. Department of Plant Production, College
of Agriculture, Al Ain, P.O.Box 17555, United Arab Emirates.
Introduction. A wide variety of procedures(l-3) have been reported for Ni extraction from acid
soils. However, the extrapolation of these results to calcareous soils is limited. Therefore, the
objective of this study was to assess the ability of six extraction procedures to predict plant
available Ni in a wide range of calcareous soils including Ni-enriched soils.
Materials and Methods. Six extractants were used to extract Ni from 22 calcareous soils. The
soils received 0 and 125 mg Ni k g 1 as NiCl2 and are referred to as contaminated and noncontaminated soils, respectively. Wheat (Triticum aestivum L.) was grown in the soils in the
greenhouse. After 21 days, the plants were harvested and Ni concentration was measured.
Regression analysis was used to develop models for predicting Ni uptake by wheat as a function
of extractable Ni.
Results and Discussion.The extractants used were compared by ranking in series according to
the amount of Ni extracted (Table 1).
The results showed that Ni could be extracted effectively from the non-contaminated soils by 1 M
HNO3 and/or 0.025 M Ca DTPA-B4O7. In contaminated soils, any of chelating extractants or 1 M
HNO3 would appear to provide a good measure of extractable Ni.
n
Table 1. Comparison of Observed Effectiveness of 6 Extracunu for Ni in 22 Soils of Widely Different Characteristics'''
Non contaminated

Observed

rank

IMHNO3

> 0.025M Ca DTPA-B4O7 > 0.1MEDTA -0.005M DTPA - IMNH4OAC - IMKNO3

Mean, mg Ni kg'1

4.55 c

2.46 b

0.77 a

0.58 a

0.50 a

0.42 a

SD, MgNi kg' 1

2.43

0.85

0.33

0.28

0.25

0.28

Range, mgNi kg"1

(0.3-8.8)

(0.7-3.8)

(0.1-1.3)

(0.1-1 J )

(0.2-1.1)

(0.1-1.1)

Cnntamlnalfd
Observed rank

IMHNO3

> 0.1MEDTA -0.025M Ca DTPA-B4O7 - 0.005M DTPA > IMNH4OAC > IMKNO3

Mean, mgNi kg' 1

32.45 d

14.40 c

11.74 c

11.42 c

1-58 b

0.47 a

SD. mgNi kg' 1

28.79

7.05

5.94

4.22

0.59

0.15

Range, mgNi kg"1

(12.10-124.10)

(5.69-32.10)

(3.40-25.0)

(5.03-22.0)

(0.6-2.90)

(03-1.3)

Extractants whose mean concentrations are followed by the same letter were not significantly different at the
1 % level according to Duncan's multiple range test
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The mean values of Ni uptake by wheat were 1.79 and 9.35 mg kg-1 for non-contaminated and
contaminated soils, respectively. The 0.025 M Ca DTPA-B4O7 solution was the best in predicting
Ni uptake by wheat in both non-contaminated (r = 0.95 ***) and contaminated (r = 0.91 ***)
soils. The relationships between the amounts of soil Ni extracted by the six procedures and Ni
uptake by wheat were improved when soil parameters were included in the multiple regression
models (Table 2).

Table 2.

Multiple Regression Models Developed With Various Measurements of Soil Ni and Selected Physical
and Chemical Properties to Predict Total Ni Uptake (Y).

Extractant

Model

R2

F

Noncontaminated Soils
0.025 MCaDTPA-B407

Y

= 0.64 + 0.45

Sou Ni + 0.002 S Na + 0.04 E Ca

0.941

95.88***

0.005 M DTPA
0.1 M EDTA
1 M NH4OAC
IMKNO3

Y
Y
Y
Y

=
=
=
=

SoU Ni + 0.005 S Na + 0.02 E Ca
SoU Ni + 0.003 S Na + 0.02 E Ca
SoU Ni + 0.005 S Na + 0.02 E Ca

0.675
0.670
0.660
0.660

12.44***
12.31***
11.68***
11.67***

IMHNO3

Y

= 1.36 + 0.02

0.512

7.39**

0.025 MCa DTPA-B4O7

Y

= 5.86 + 0.31

0.1 M EDTA

Y

+ 5.83 + 0.25

= 6.97 + 0.02

Y = 6.84 + 0.05

0.75
0.63
1.13
1.36

+ 0.01
+ 0.41
+ 0.25
+ 0.21

SoU Ni + 0.005 S Na + 0.03 E Ca
SoU Ni + 0.005 S Na + 0.03 E Ca

Contaminated Soils

0.005 M DTPA
1 M NU4OAC
IMHNO3
IMKNO3

Sou Ni -1.44 O.M + 0.09 E Mg

0.907

57.61***

SoU Ni-1.41 O.M+0.01 E Mg
Y = 6.21 + 0.12 Soil Ni + 2.10 E K. + 0.13 E Mg
Y = 6.91 + 0.04 Soil Ni + 245 E K. + 0.20 E Mg

0.858
0.683
0.627

39.37***
12.97***
12.29***

Y

SoilNi + 1.83EK. + 0.18EMg

0.676

12.53***

SoilNi + 2.01EK. + 0.17EMg

0.508

6.19**

Note : E • Exchangeable; S = Soluble; O.M 1• Organic matter.
*• and •** Significant at the P < 0.01 and P < 0.001 levels, respectively.
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Rapid Analysis of Cation Exchange Properties in
Acidic Soil
Xing-Chu Qiu and Ying-quan Zhu. Environmental Science
Institute ofGanzhou Prefecture, Ganzhou, Jiangx, China

Research

Introduction. Soil cation exchange properties are used not only as and index for evaluating
nutrient status and water retention properties of the soil, but also to assess ameliorative properties
and soil fertility. Cation exchange properties of acidic soils are often determined using a 1-M
ammonium acetate leaching procedure this method requires an extended leaching and repeated
extractions and is tedious and time consuming because monovalent NH4 does not easily
excahange with divalent Ca 2 + or Mg 2 + . In this paper, ammonium acetate-1,2diaminocyclohexanetetracetic acid (DCTA) is proposed as an extractant for the determination of
cation exchange properties of acidic soils. The conditions for the spectrophotometric
determination of exchnge acidity with ethyl red in soil extracts were studied. Results are in
reasonable agreement with those obrained by routine HC1 titration after extraction with BaCl2
triethanolamime. Exchangeable bases in the soil extract can be determined with atomic absorption
spectroscopy or photometrically using chlorophosphonazo II, Xylidyl blue I and
flamephotometry. After removal of the extractant, cation exchange capacity can be determined.
Materials and Methods. 1. Ammonium acetate (lM)-DCTA )0.005M) extractant: Dissolve
77.09g of NH4AC and 1.7318g of DCTA in 500ml of water. After the salts have dissolved, mke
up to 900ml and adjust carefully to pH 7.00 by dropwise addition of 2M of ammonia or 2 M
acetic acid using a pH meter. 2 Prepare a 0.05% W/V solution of ethyl red in 95% ethanol. Filter
if necessary, 3. 0.010 M hydrochloric acid solution, prepared and standardized in the routine way.
Procedure. Transfer 2.00g of less than 20 mesh, air-aried soil to a 100 ml glass-stoppered conical
flask. Add 25.00 ml of NH4AC-DCTA extractant and Shake the flask for 5 min in a mechanical
shaker. Filter the solution through a dry filter paper. This clear solution is designated a "test
solution" It is used to determine exchangeable acidity (Photometry with red), and K+ and Na+ by
flamephotometry. Pipette a 5ml aliquot into a 50ml calibrated flask and dilute to the mark with
water. Exchangeable K+, Na+, Ca2+ and Mg2+ can be determined in this solution by AAS.
Determination of Exchangeable Acidity: Pipette a 2.5ml aliquot of the test solution into a 25-ml
calibrated flask and add 5 ml of 0.05% ethyl red. Fill to the mark with water and mix well. Measure
the absorbance at 550mm against a reagent blank, using 1-cm cells.
Preparation of calibration curve: Transfer 0.0, 0.50, 1.00, 1.50, 2.00 and 2.50 ml of 0.01 M of
HCL to six 25 ml calibrated flasks. To each flask add 2.50ml of NH4Ac-DCTA extractant. Proceed
in accordance with the procedure above and plot the absorbance readings vs ml of HCL standard
solution.
The exchangeable acidity can be calulated from:
Exchangeable acidity (meq/100g of soil) = 100 (NV/G)
Where N is the normality of the HCL standard solution, V is the volume of the HCL standard
solution from the graph, and G is the mass of the soil sample.
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Results and Discussion
Ethyl red is an often^used acidbase indicator whose pH range of color change is 4.5 to 6.5 It s
dissociation and range in aqueous solution are as follows:

The maximum absorbance of II is at 520nm. The gratest contrast of the two colors is 70nm. If II
is measured at 550 nm, the absorbance of I tends towards zero. Measurements were made at 550
nm even though the sensitivity will drop slightly.
Maximum and constant absorbance was obtained when 4.0 to 8.0 ml of 0.50% ethyl red solution
was used. 5 ml of ethyl red solution was adopted as optimal.
The absorbance was not affected by temperature in the temperature range of 10 to 40 C. Hence,
the extraction may be carried out at normal laboratory temperature.
After adding the etractant to the soil sample, the sample must be shaken. Maximum and constant
absorbance was shaken from 3 to 30 min. A 5 min shaking time was adopte for this study.
A calibration curve was constructed by plotting the volume of o.OlN HCL against the
corresponding absorbance value. Beer's law was obeyed for acid amounts between 0.0 and
0.025meq/25ml at 550nm, the equation for the curve is: A=0.2146 C+0. 0175.
Where, A is the measured absorbance, and C is the volume of HCL solution in ml; The regression
coefficient was 0.9997.
Three widely distributed soils from South Jiangxi Province, China were used to check the
accuracy and precision of the method. The results are compared with data obtained using the
BaCl2-TEA extraction and HC1 titration. Good agreement was found. Known amounts of HC1
solution were added to soil samples, and the average recovery was 99.4 to 103.3%. Precision
was determined by repetitive determination on three samples. Maximum relative standard
deviation was 4.92%.
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The Use of Soil Testing for Fertilizer Recommendation
Under Multiple Cropping
Gideon Olajire Adeoye and Akinola A. Agboola.

Soil testing was originally developed for monocropping system. It
therefore became difficult to adapt it to multiple cropping which is
practiced by the peasants who produce over 90% of the food required
by the people in the humid tropics.
A decade of intensive laboratory greenhouse and field investigation
has led into an adaptive technology which involved all other steps in
developing a soil testing programme and a simple soil incubation
technique. In this incubation process, various rates of particular
nutrient e.g. Phosphorus was added to the soil to saturate the
fixation complex and incubated for 42 days. The nutrient is then reextracted with a suitable extractant developed for the particular soil
type on day 1, 7, and 42. The proportion of added nutrient recovered
at these periods of incubation is refered to as Fractional Recovery
(FR). The FR has a decreasing exponential relationship with time of
incubation and it fits into an equation FR= - KLnt + C where FR =
Fractional Recovery, -K = slope of the regression line, Lnt = natural
logarithm of incubation time in days and C = intercept which
corresponds to FR at day 1 (Ln = 0). This relationship also enables
the calculation of residual value of added nutrient over a period of
time and therefore enhances adequate calculation of Fertilizer
ammendment in continuous cultivation.
A fertilizer factor (Ff) is derived for each nutrient from the
fractional recovery. Fertilizer factor (Ff) is the amount of nutrient
element required to raise the soil test level by 1mg/kg soil. This
factor is influenced by some soil physical, chemical and
mineralogical properties like % clay, pH, OM, Fe203, AI2O3. Ff is
calculated as
Amount of nutrient extracted - Amount of nutrient in check sample
Amount of nutrient added to the soil
The range and mean fertilizer factors Mg/Kg developed for savana
regions of Nigeria are:
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P (mean
(mean =
(mean =
(mean =

= 3.1, range = 1.0-6.9), K (mean = 4.5, range = 2.1-8.2) Mg
2.0, range = 1.1-6.0), Zn (mean = 6.4, range = 4.7 - 8.4), Fe
1.9, range = 0.8-4.0), Cu (mean = 2.1, range = 0.8-5.0) and Mn
0.8, range = 0.2-2.5).

The Ff is used as a multiplier in calculating adequate fertilizer
requirement after determining the critical level. An example of
fertilizer computation for a soil with soil test value of 7 mg P/Kg
Ff = 3.1, when the critical level of P = 10mg/kg is:
(10-7) 3.1 x 2 = 3 x 3.1 x 2 - 18.6 = gP/ha using ordinary
critical level by Cate and Nelson the fertilizer recommendation will
be (10-7) 2 = 6kgP/ha which would result in under fertilization.
Fertiliser recommendation based on fertilizer factor (Ff) compared
with those based on Mitcherlich, and Cate and Nelson Models and
Blanket recommendation has been found to be superior in both mono
and multiple croppino systems.
This background research approach to modified soil. Soil Testing
programme for fertilizer recommendation in mono and multiple
cropping in the humid tropics is the theme of this paper.
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Nutritional Diagnostic of Muskmelon (Cucumis melo L.) in the
Comarca Lagunera.
M. D. C. Medina M., and P. Cano R. Estación Experimental La Laguna,
INIFAP, Torreón, Coahuila, México.
Introduction. In Mexico, little research has been done for determing
the optimum dosage of N-P-K, which permit both high yield and fruit
quality of cantaloupe. However, before starting any research with
fertlizers it is necessary to determine the nutritional levels of
plant and soil. Nutrient deficiency causes the following symptoms in
cantaloupe: Nitrogen: A general yellowing, beginning at the lower
leaves of the plant, cantaloupes are small, light colored and thinskinned with small seeds; Phosphorus: Internodes are shortened and
the plant is stuned, leaf veins and petioles turn reddish-purpule;
Potassium: Young leaves become cupped and cantaloupes develop gretty
flesh with a bitter taste. The objetives of the present study were:
1) To determine through foliar analysis the nutrimental status of the
plant and 2) To determine through soil and water analysis the
nutrimental status of the soil and water quality.
Materials and methods. For the foliar analysis 22 production areas
were selected at random in the following counties: 11 in Matamoros,
Coahuila; 3 in Tlahualilo Durango and 8 in Ceballos, Durango. In each
production area one hectare was sampled, according with the
methodology proposed by (3). Foliar concentration was determined for
the following nutrients: N. P, K, Ca, Mg, Fe, Mn, Cu, Zn and NQ3. In
most of the production areas the genotypes sampled were Top-Mark and
Mission. The optimum values used in order to determine excess or
deficiency of a given nutrient, were the ones suggested by (3). Since
there were not optimum values for: Cu, Mn and Fe in cantaloupe, the
optimum values for watermelon were used (3). In each production area,
5 cantaloupes/ha were sampled and their weight and solid solubles
were measured. It was also recorded the fertilization carried out by
the producers. Correlations between nutriments and solid solubles
were done. In the same hectare one sample for foliar analysis and 10
samples for soil analysis were taken at random to a depth of 30 cm,
for analazing physical and chemical properties. Besides, a water
sample was also taken for analazing water quality.
Results and discussion. The percentages of cantaloupe production
areas with excess or deficiency of nutrients are shown in table 1.
The deficiency of P and K is explained by the lack of fertilization
with these nutrients, while the excess of N is explained by the overfertilization with this nutrient. The excess of N indicates, that is
not utilized by the plant, since there is also an excess of NO3. The
excess of N increments the vegetative growth which inhibit the solid
solubles accumulation in the fruit, since a significant negative
correlation (r • -0.83) was found between solid solubles and N, this
was already reported in Watermelon (2).
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Also the
excess of N reduced Ca absorption, since a significant
negative correlation (r= -0.62) was found between Ca and N. The soil
pH's were slighly alcalins (7.9-8.5), while 96% of the soils were
poor in organic matter content, with less than 1.8%. High
concentrations of carbonate were found in 90% of the samples, while
3 3% were classified as medium saline with an electric conductivity of
4.1 to 8 mmhos/cm.
Table 1. Percentage of production areas with an excess or deficiency
of nutrients in Cantaloupe in the Comarca Lagunera. 1991.
Nutrients
Deficiency
Excess

N

P

K

Ca

0
100

41
9

45
9

86
0

Production .areas (%)
Zn
Mg
Fe
Mn
100
0

0
36

14
0

14
32

Cu

NO3

0
77

23
77

Deficiency: Mg>Ca>K>P
Excess:
N, NO3, Cu.
Low to medium levels of P (<5 and 5-10 ppm) were found, this
indicates that there is a P deficiency in the soil and in the plant.
Also an excess of NO3 was found in 61% of the samples, while were
K rich, which indicates that cantaloupe plant is unable to take this
nutrient, since there is a foliar deficiency in 45% of samples. In
the Ceballos area an excess of B was found. In 48% of the water
samples an excess of NO3 and B was found.
Literature Cited.
(1) Bernhardt, E., J. Dodson, and J. Watterson. 1988. Cucurbit
diseases. A practical guide for seedsmen, growers and
Agricultural advisors. California. U.S.A. pp. 36-37.
(2) Guerrero, P.H. 1989. Fertilización en sandia en suelos acnsoles
y cambisoles del Bajo Papaloapan. III. Congreso Nacional de la
S0MECH A.C. Oaxtepec, Morelos. México, pp. 44.
(3) Piggott, T.J. 1986. Vegetable crops. In: Plant Analysis. An
interpretation manual. Eds. D.J. Reuther and J.B. Robinson.
Inkata Press. Melbourne-Sidney. Australia, pp. 176-177.
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Nutrimental diagnosis of cv. Late Valencia orange (Citrus
sinensis (L.) Osbeck) through Kenworthy approach in the
region of Alamo, Veracruz.
H. Osorio, R. Maldonado. Department
56230, Chapingo,
México.

of Soils, Universidad

Autónoma

Chapingo,

Introduction. In spite of the great economic importance of the cv. Late Valencia orange culture
in the Alamo, Veracruz region there is not any regional technology which would permit high
yield. N, P and K have frecuently been applied during fertilization without identifying the
nutrimental problems affecting orchards. Under these circumstances a nutrimental diagnosis
research was carried out in order to identify the nutrimental problems in the orchards, as well as
some management methods responsible for low yield.
Material and Methods. This study was carried out in Las Canas and La Granadilla common
lands in the region of Alamo, Veracruz. Located in the Parallels 20° 49'30" North latitude, 97°
34'30" West latitude, the study was based on foliar and soil samples, and information obtained
from the farmers about some orchard management methods. Foliar sampling was performed
according to the methodology proposed by Embleton (1), while soil sampling was stratified at
random, in both cases N, P, K, Ca, Mg, Fe, Mn, Cu and Zn were determined. M.O., pH and
texture were additionally determined in soil samples. Nutrimental foliar diagnosis was perfomed
applying Kenworthy's approach using quantities for fruit proposed by the same author (2). The
effect of fertilizer according to the time of application and the weed control effect on yield were
also evaluated.
Results and Discussion. The soil showed a pH slightly alkaline (7.8), with half content M.O.,
a high content of Ca and Mg, and a slimy clay texture. The nutrimental diagnosis through
Kenworthy's approach classifies Zn,Mg,Mn as nutriments, in descending order, mostly required
by the plant because they are found under the normal level, P, Fe, Cu, N and Ca on the normal
level and K above the normal level.
Lack of Mg exists because it shows an antagonic interaction with Ca and K which are also found
in high concentrations in the soil solutions competing with one another in their absortion. This
lack of Mg happens in spite of being present in the soil in sufficient amounts. Lack of Zn and Mn
occurs because they present a low solubility at soil pH level in the given area of study and also
the presence of high concentrations of CaC03. Furthermore, Mg deficiency may induce
deficiences of Mn and Zn. Another reason that originates lack of Zn is that sour orange rootstock
(Citrus aurantium L.) is Zn-inefficient (3). This factor causes the cv. Late orange present an even
higher deficiency. In order to evaluate the fertilization period effect over the yield, three
fertilization periods were defined: berofe and during the flowering (November-February), initial
and final fruit harvest (March-May) and the stage posterior to this (June-August).
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It was observed that fruit yielding in ton/ha lowers as fertilizer application is delayed. The highest
yields are obtained when the fertilizer application is from November to February. At this time the
plant presents high nutrimental requirements mainly at sprouting and flowering, so when
fertilization is applied at this time a higher flowering occurs and consequently a higher initial and
final fruit harvest.
The effect of weed control on yield showed an increase of 21.6 % in fertilized orchards where
fertilization was carried out but weeds were mechanical controlled. It was also noticed that the
fertilizer effect over the yield is practically neutralized when herbicides for controlling weeds are
not applied. This occurs because the herbicides application does not destroy the small tree roots
in the first centimeters below the ground and avoids water and nutrimental competence, it also
allows better absortion of the applied fertilizers which are frequently located on the superficial
layer of the soil and diminishes water soil evaporation.
Literatura citada
(1)
Embleton, T.W.; W. W. Jones; C. K. Labanauskas and W. Reuther. 1968. Leaf analysis
as a diagnostic tool and quide to fertilization. (Chapter 6), pp. 183-207. In: Citrus Industry,
Vol III. Production technology (Ed. W.Reuther). Univ. of California.

(2)

Kenworthy, A.L. 1967. Plant analysis and Interpretation of analysis for horticulture crops.
In: Stelly, M. (Ed.) Soil testing and Plant analysis part II. SSSA. Special publication No.
Madison, Wis., USA. Pp. 59-75.

(3)

Puiggros P., J. y Ch. Morin. 1980. Nutrición de los citricos (Cap. 7). En: Morin, Ch. (Ed.).
El cultivo de los citricos. Pp. 249-410. Editorial IICA.
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CHEMICAL SPECIATION OF NUTRIENT SOLUTIONS
IN A CLOSED HYDROPONIC SYSTEM
S.A. Enriquez Reyes. Department of Agronomy. ITESMCampus Querétaro. Apdo.
Postal 37. 76000 Querétaro, Qro. México.

INTRODUCTION. Chemical composition and management of the solution are determinant factors
in crop nutrition under hydroponic conditions. The nutrient solution can be analysed as a dynamic
system in which the main processes affecting nutrient availability to the plants are: the differential
ion uptake, the transpiration and the water and nutrient replenishment. Enriquez, (1982). These
processes affect the concentration and the chemical species present in the nutrient solution and
therefore the activity of free ions to be up take by the plants. The differential ion uptake causes that
the relative concentration of some ions diminished and the others become increased, such is the case
of: nitrogen, potassium, phosphorus; and sodium, chloride, calcium and magnesium respectively.
Water absortion is higher than the any other process; therefore, nutrients become concentrated as
water is consumed. In the other hand, water and mineral salts additions causes at the same time the
dilutions of present salts and the increase in concentration of added salts. Besides these changes, the
activity of roots in regard to differential ion uptake affects the pH of the solution which conditions
the chemical forms of the ions (free ions and complexes) presents in the nutrient solution.
The objective of this study was to evaluate the chemical speciation in a nutrient solution of a
hydroponic closed system as a criterion to determinate the best management of the nutrient solution.
Materials and Methods. This study was undertaken in a hydroponic instalation with plastic bags
of 121, utilizing tezontle (mexican porous volcanic rock) as substrate and the Steiner (1996) nutrient
solution. A tomato plant c.v. Arleta was transplanted to every bag and the nutrient solution was
handled under two management criteria: I) water replenishment and 50% of nutrients every week
adjusting the pH to 6.0; and II) water replenishment and 20% of nutrients every other day adjusting
the pH to 6.0. The analysis of calcium, magnesium, sodium and potassium was done by atomic
absortion; carbonates, bicarbonates and chlorides by volumetric methods; nitrates by specific ion
electrode. Sulfates were determinated turbidimetricaly and phosphates colorimetricaly. The chemical
speciation and the ionic activity determination was done by the GEOCHEM program. Samples for
analysis were taken before and after water and nutrient replenishment. This study was undertaken
during 90 days.
Results and Discussion. In table 1 there are shown the average results for analysis realized for
every one of the management criteria of the nutrient solutions.
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Table 1. Initial concentration (Co), activity (a), chemical specie (Cs), pH and ionic strenght (I) of the
nutrient solution in accordance to the two management criteria. Unit concentration: mmol L".
ION

Ca

Co

a

I

II

I

3.00

3.06

1.86

Mg
K
Na
C03

1.84
7.76
3.01
7.08

1.99
7.94
5.01
5.75

1.04
7.40
2.81

P04

0.70

0.80

S04
CI
pH
I

10.00
2.51
7.90
24.80

13.80 8.51
3.38 2.51
6.70
39.80

Cs
II

I

2.00

1.34
7.75
4.66

CaC03
CaHC03
CaS04
CaHP04
MgS04
MgHP04
KS04
NaS04
HC03
H2C03
HP04
H2P04

0.023
0.079
0.776
0.123
0.347
0.110
0.247
0.145
6.910
0.490

II

1.032
0.067
0.537
0.070
0.310
0.300
4.070
1.550
0.220
0.380

11.60
3.35

From the results showed in the table 1, it is deduced that the high reactivity is with cations: calcium,
magnesium and potassium; and with the ligands: sulfate, phosphate and carbonate. Due to complex
formation the activity of calcium, magnesium and phosphate diminished, however the degree of
nutrient supply to plants was not affected. There were observed symptoms of iron and zinc deficiency
which were atributt, j to the high activity of carbonate.
For the second management criteria the ionic reactivity is similar to the obteined with the first
management criteria. It is also observed the abscence of complexes with the carbonate; increasing,
consequently the activity of calcium and magnesium. The pH affected directly the activity of
phosphate and the concentration of its complexes. Under this criteria of management there are not
deficiency symptoms for any ion. A detrimental effect for the plants is the accumulation of sodium
and chloride due to they have low reactivity, and may be reach toxicity levels is the used water is high
in the content of this ions. The second criteria of management is the appropiated for the closed
hydroponic system in tomato production.
Literature cited.
(1) Enriquez R. S. A., Baca C. G., Alcalde B. S. 1982. Comportamiento de soluciones nutritivas en
variación nutrimental y salinidad. Colegio de Postgraduados. Avances en Investigation. p73
(2) Steiner A. 1966. The influence of the chemical composition of a nutrient solution on the
production of tomato plants. Plant and Soil. 35;3:454-466.
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Determining Optimum Nutrient Ratios in White Clover
A. G. Sinclair, W. H. Risk, L. C. Smith, J. D. Morrison and K.G. Dodds. New
Zealand Pastoral Agriculture Research Institute Ltd., Invermay Agricultural
Centre,
PB 50034, Mosgiel, New Zealand.
Introduction. The nutrition of clovers is the critical factor in maintaining satisfactory production
in the clover/ryegrass permanent pastures of New Zealand. P and S are the principal fertilizer
nutrients applied; little or no N fertilizer is used because adequate N status for high production of
both clover and ryegrass can be sustained by N2 fixation by well-nourished clovers. For efficient
fertilizer use it is important to be able to ascertain whether the fertilizer used in any situation is
resulting in balanced plant nutrition. The purpose of the work described here was to evaluate the
S/P ratio in clover herbage as an indicator of nutritional balance between S and P and to determine
the optimum ratio. Use of the N/P ratio to assess P deficiency was also examined.
Materials and Methods. A P x S factorial fertilizer trial was laid down on a recently established
ryegrass/white clover pasture. Application rates were 0, 10, 20, 40 and 80 kg P ha"1 and 0, 7.5, 15,
30 and 60 kg S ha'1, in a full factorial design with 3 replicates of each treatment. Basal treatments
of Mo and K were applied to prevent deficiencies of these elements. The original soil contained 4
mg kg"1 of phosphate-extractable sulphate S and 4 mg kg"1 of extractable P as measured in the Olsen
P test; pH was 5.4. Total pasture production was measured by mowing on days 38, 79 and 107 after
fertilizer application. Sub-samples of herbage were separated into clover and ryegrass to calculate
individual species yields, and on cuts 2 and 3 the separated species were analysed for N, P and S.
Results and Discussion. Clover was strongly responsive to P and S (approximately 100% and 50%
yield increases respectively to highest rates) whereas ryegrass was only moderately responsive to P
(30% increase) and not responsive to S. A response surface was fitted to the cut 2 clover dry matter
(DM) yield data using a 2-variable Mitscherlich-related equation:
DM (kg ha1) = (a + b (t + s (x + lyVXc + d (r + q (y + l)'1)")

(1)

where x and y were application rates (kg ha'1) of P and S fertilizer respectively and the other
parameters were constants selected to give a best fit to the data. The equation accounted for 85%
of the variation in yield.
For each treatment, the maximum additional yields obtainable with more P at the same rate of S
designated the potential response to P (PR[P])( and with more S at the same rate of P (PR[S]), were
calculated using the fitted values from equation 1. Response surfaces were also fitted to the N, S
and P concentrations in clover herbage, again using equation 1, and from these, best-fit S/P and N/P
ratios were calculated.
The difference between potential responses to P and to S, PR[P]-PR[S], were plotted against log
(S/P) in clover herbage for cut 2 (Fig. 1). By definition, treatments where PR[P]-PR[S] is positive
are more responsive to P than to S, and therefore more deficient in P than in S, and VJ'CC versa. The
value of log (S/P) in clover which gave the best separation between positive and negative values of
PR[P]-PR[S] was -0.19 i.e. S/P = 0.64. All treatments with a higher S/P ratio in clover were more
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deficient in P than in S, whereas treatments with lower clover S/P ratios were, with minor
exceptions, more deficient in S than in P. An S/P ratio of 0.64 in white clover may therefore be
taken to correspond to well-balanced nutrition. Similar treatment of data from cut 3 gave complete
separation between more P deficient and more S deficient treatments at clover S/P of 0.59.
PR[P] for clover was found to be very closely related to the clover N/P ratio (Fig. 2). P was
deficient for clover growth at all N/P ratios greater than about 12, and the severity of deficiency was
clearly indicated by the N/P ratio. N/P ratios in clover appear to be particularly useful in that they
indicate the absolute deficiency of P and not merely its relative adequacy compared to another
element. The reason is that clovers in pastures never have a surplus of nitrogen, being poor
competitors with grasses for soil N. Thus any shortfall in P relative to N in clover always
constitutes an absolute deficiency. Clover N concentration is thus an internal standard against which
to evaluate the adequacy of other elements.
The approach used in this work to determine optimum nutrient ratios was first described by
Rodriguez et al (1993). From a P x K factorial field trial they derived an optimum K7P ratio in
white clover of 5.4. This new work confirms the value of the approach, refines the process of data
analysis and identifies an optimum S/P ratio in white clover of near to 0.6. The work also shows
that N/P ratios in white clover can indicate the absolute, in contrast to relative, deficiency of P.
Optimum nutrient ratios experimentally derived in this way from factorial field trials should prove
valuable for interpreting plant analysis and hence identifying and rectifying fertilizer policies which
are nutritionally unbalanced or inadequate.
Literature Cited.
Rodriguez M , Besga G. and Sinclair A.G. 1993. The responses of perennial ryegrass-white clover
to P and K fertilisation in terms of yield and chemical concentrations. Proceedings XVII
International Grassland Congress: In Press.
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Determination of Critical levels of Nutritional Foliar Elements of
Table Grape Seedless Varieties, Thompson, Flame, Perlette, and
Superior, in Calcareous Soils.

R. Juarez*. J. Valenzuela, and J.C. Vasquez. Campo Agricola Experimental de
Caborca, INIFAP. SociedadCooperativaAgropecuaria del Distritode Altar, SOCOADA.
Caborca, Sonora, Mexico.
Introduction. Lime content in the vineyard is generally a problem in Caborca, Sonora,
Mexico; when the lime content of the soil exceeds 15 percent, leading deficiencies, or lime
induced shatter of flowers and chlorosis. Calcareous soils which contain sufficient metal
carbonates, mostly as calcium carbonate have a basic pH which reduces the solubility of
micronutrients (2). Solubilty properties, rather than compositional form, appears to be the
important factor among all these reaction compounds (3). Plant analyses has many aplications,
one of them is to estimate critical nutrient levels in deficient, questionable, adequate, excess,
and possible toxicity ranges. The relationship between nutrient concentration and yield of plant
or product forms the basis of most schemes for using plant analysis to asses plant nutrient
status (5).
Table 1. Adequate levels of important grape varieties (1).

N-N03

P-P04

%
K

Ca

Mg

Na

Fe

Zn

Cu

Mn

0.15

0.2

1.5

2.5

0.3

0.5*

70

26

6

25

*Posible problem over 0.5 percent.
Materials and Methods. Plant petiole samples were collected during 1991,1992, and 1993,
in three plant stages, from four table grape varieties comming from nine randomized vineyards.
Nitrates were analyzed with modified brucina and Fosfates with Fiske methods; Calcium, Mg,
Mn, Fe, Cu and Zn were determined by atomic absorption spectrophotometry. Potasssium and
Na were determined by flame emission spectroscopy (4). Soil and water anlysis were done;
also, foliar growth and yield data were taken from every selected plot.
Results and Discussion. The main objective of this study was to find an appropiate nutrient
level on budbreak, blossom, and véraison stages in four table grapes. Nitrogen content was
higher in the inicial stages than the final stages (Table 2). Sodium problem were observed in
almost all plots; therefore, calcium content data were lower in all plots in comparision with
adequate levels in California. There is recomended to follow these studies to obtain elemental
relationship that causes deficiencies in grapes.
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Table 2.

Foliar Nutrient Content in Table grapes.

Nutrient

1991
•Th

Fl

1992

Pe

Su

Th

Fl

1993
Pe

Su

Th

Fl

Pe

Su

Budbreake stage
N-N03(%)

.23

.17

.87

.18

.27

.22

25

.23

.11

12

.12

.21

P-P04(%)

.24

38

.29

.29

.41

.41

.31

.37

.33

.25

.24

.29

K<%)

2.2

3.2

2.9

3.5

2.8

3.2

3.1 3.9

2.3

2.3

2.7

3.4

Ca(%)

3.5

3.6

3.7

2.1

.66

.71

.81

.76

1.0

.82

1.1

Mg(%)

.39

.35

.33

.26

.15

.19

.15

.14

.28

.17

.08

.14

Na(%)

19

.36

.16

.23

.23

09

.15

.18

.32

.19

.25

.29

Fe(mgkg-1)

60

38

51

55

53

56

60

47

56

54

69

41

Zn(mgkg-1)

40

54

26

30

60

54

33

45

67

76

45

56

Cu(mgkg-1)

29

61

45

21

47

35

23

35

60

41

56

55

Mn(mgkg-1)

30

45

37

59

43

63

58

43

46

73

41

64

.79

Blossoms stage
N-N03(%)

.21 .86

.13

.17

.23

.21

.31

.32

.33

.14

.15

.20

P-P04(%)

.11

.14

.13

.20

.15

.15

.24

.17

.10

.14

.15

K(%)

2.4 1.8

2.7

3.4

2.4

2.3

2.3

3.4

1.8

1.2

1.8

3.2

Ca(%)

1.3 3.5

3.6

0.9

2.1

2.1

2.3

1.9

1.5

1.3

1.9

Mg(%)
Na(%)

.42

.39

.52

.24

.46

.35

.39

.33

.40

.35

.37

.43

.39

.52

.35

.35

.27

.29

.19

.44

.40

.34

.24
49

1S

1.3
.27

Fe(mgkg-1)

78

49

43

71

44

53

58

43

59

54

53

Zn(mgkg-1)

65

56

22

42

44

36

47

50

52

59

23

48

Cu(mgkg-1)

20

64

66

16

22

15

21

41

41

42

29

37

Mn(mgkg-1)

47

41

67

55

56

53

57

67

62

48

35

33

Véraison stage.
N-N03(%)

08 .09

.04

.11

.45

.20

.23

.27

.45

P-P04(%)

.14 .10

.08

.11

.13

.12

.14

.17

.13

K(%)

2.4 2.4

3.1

3.4

1.9

2.0

2.0

2.7

1.9

Ca(%)

0.8 1.3

1.2

0.7

3.6

1.3

12

3.2

Mg(%)

.34 .24

.24

.29

.55

.22

.24

.23

.27

.14

.27

2.4

2.5

3.0

2.2

13

1.2

2.0

.69

.40

23

.24

.30

.20
.12

Na(%)

.29 .28

.34

.41

.33

.26

.30

.33

.30

.27

32

.36

Fe(mgkg-1)

99

67

68

84

79

52

49

78

88

55

52

80

Zn(mgkg-1)

37 33

24

31

58

46

47

55

40

36

32

41

Cu(mgkg-1)

16 18

17

16

50

42

38

44

22

30

26

29

Mn(mgkg-1)

37 50

11

59

29

31

27

18

33

40

20

38

* Th=Thomp»on, FNFhme, Pe=Pertette, Su=Superlor.
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(1) Christensen, P. 1972. Vineyard tissue sampling guide for plant analysis. Fresno
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(2) Donahue, R.L., R.W. Miller, J.C. Shickluna. 1983. An introduction to Soils and Plant
Growth. New Jersey 07632.
(3) Lehr, J.R. 1972. Chemical reactions of micronutrients in fertilizers, hx J.J. Mortvedt,
(ed) Micronutrients.in Agriculture. Soil Sci.Soc.Am.
(4) Page, A.L. (ed.) 1982. Methods of soil analysis (2nd ed.). Agron. Mono No. 9 (Part 2)
Am.Soc.of Agron. Inc., Madison, Wl.
(5) Reuter, D.J. and J.B. Robinson. 1986. Plant Analysis.Northfield Res.lab. South
Australian Dept. of Agriculture, Adelaide.
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The Use of Specific Activity Ratio (SAR) Data to Estimate the
Sources of S Removed from Soil by Plants and Chemical
Extractants
N. Chinoim, Graeme J. Blair*, A.R. Till, Rod D. B. Lefroy and Geoffrey C.
Anderson, Department of Agronomy and Soil Science, University of New England,
Armidale, N.S.W. 2351, Australia.
Introduction. Shedley et al. (2) used a reverse dilution technique to study fertiliser S dynamics in
soil. This technique labels the active soil S pools prior to fertiliser application and the contribution
of fertiliser to the soil S pools or the plant is calculated as a dilution in the specific activity (SA) of
the treatment relative to a non-fertilised control. Blair et al. (1) extended this technique to assess
the similarity in the soil S being removed by chemical extractants and plants. This study reports the
validation of the procedure.
Materials and Methods. In the first experiment an S deficient Aquic Haplustalf soil was labelled
with carrier free ^ S and incubated at 25°C for 1 week prior to the planting of wheat. Half the pots
received a complete nutrient solution and the other half received a complete -S nutrient solution.
Six harvests were made over a 9 week period. At each harvest total S and ^ S was measured in
plant tops and soil samples were extracted with both mono-calcium phosphate (MCP) and 0.25 M
KC1 heated at 40°C for 3 hours (KC1-40) (1). Specific activity (SA) data was calculated for each
harvest and the specific activity ratio (SAR) calculated as the SA of the plant top/SA of soil extract.
An SAR = 1 would indicate that the plant is extracting S from the same soil pool/s as the extractant.
In the second experiment a Haplohumult soil was extracted with MCP, KCL-40, KC1-100 (1) and
Bray-1 extracts. Sulfur in the extract was analyzed by ICP (ICP-S) and on the autoanalyzer
following treatment with charcoal (S04-S). HI-reducible (ester sulfate) was determined in the soil
after the primary extraction (HI-S remaining) and the remainder calculated from total S by
difference (Remainder).
Results and Discussion. In the first experiment the SA of the plant and soil extracts was lower in
the +S than the -S treatment throughout the study due to the dilution of equilibrated ^ S from the
added fertiliser. Only data for the -S treatment is reported here. There was a decline in the SA of
both the plant tops and soil extracts with time (Table 1) indicating that the rate of uptake of recently
labelled S was occurring at a slower rate than replenishment of the soil pool from non-labelled
sources.
There was an increase in SAR over time. At the early harvest (2 and 3 weeks) SA of the plant was
lower than the SA of the extractant (i.e. SAR < 1) for both extractants indicating that the plant was
taking up S from a pool which was less labelled than that removed by the extractants. At these
times there was no significant difference between the SAR of the two extractants.
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Table 1. Specific Activity (SA), (KBq mg S'1) of soil extract and wheat tops and Specific Activity
Ratio (SAR) over a 9 week period.
Harvest
time (wks)
1
2
3
4
8
9

MCP
406 a
361b
256 c
59 d
45 d
47 d

Specific Activity
KC1-40
331a
298 b
180 c
70 d
62 d
58 d

SAR
Plant
172 a
158 a
85 b
69 b
60 b

MCP
0.47 aA
0.61a
1.44 b
1.51b
1.28 a

KC1-40
0.58 a
0.87 a
1.22 a
1.11a
1.04 a

A Numbers followed by the same letter within a column are not significantly different according to DMRT

From week 4 onwards the SAR of the KC1-40 extract was significantly lower, and closer to 1, than
the MCP extract indicating that the KC1-40 extract was removing S from pools more closely related
to those used by the plant.
In the second experiment the SAR of the ICP-S component of the KC1-40 extract was closest to 1
among the extractants (Table 2). The SAR of the S0 4 -S component of the ICP-S was similar to
that in the ICP-S fraction indicating that this source dominates uptake. By comparison the SAR in
the S-org, HI-S remaining and remainder fractions was far in excess of 1 in all extractants and
increased in the order S org < HI-S remaining < remainder indicating a decreasing role in supply S
to the plant.
Table 2. The specific activity ratio (SAR) in a range of extractants in the Haplohwnult soil before
planting.
Component of extract
ICP-S
S04-S
S-org
HI-S remaining
Remainder

KC1-40

MCP
1.23 b
1.14b
1.84 b
105.25 a
189.06 a

A

1.04 c
0.86 c
2.45 b
43.33 b
80.98 b

KCl-100
1.70 a
1.26 a
17.86 a
108.16 a
368.14 a

Bray
1.17 c
0.83 c
20.74 a
26.94 b
58.27 b

A Numbers followed by the same letter within a same row are not significantly different according to DMRT

These data confirm that SAR data is a valuable measure of the relationship between soil chemical
extractant and plant nutrient uptake. These data for S are encouragement to investigate the use of
SAR data for other nutrients where suitable isotopes are available and such as N, P and K (Rb).
(1) Blair, G.J., Chinoim, N. Lefroy, R.D.B., Anderson, G.C. and Crocker, GJ. (1991) A soil S test
for pastures and crops. Australian Journal of Soil Research 29,619-626.
(2) Shedley, C , Till, A.R. and Blair, G.J. (1979). A radiotracer technique for studying the nutrient
release from different fertilizer materials and its uptake by plants. Comm. in Soil Sci. and PI.
Anal.,10: 737-745.
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Evaluation of Soil Sulphur Status and its Relevance for Crop
Sulphur Supply
Silvia Haneklaus & Ewald Schnug. Institute for Plant Nutrition and Soil
Science, Federal Research Station for Agriculture, Bundesallee 50, D-38116
Braunschweig, Germany.
Introduction
Symptoms of severe sulphur deficiency in crops are widespread in northern Europe and the
sulphur supply is meanwhile the most important nutritional factor in agriculture (SCHNUG
& EVANS, 1992). Due to the massive desulphurisation of fumes the importance of sulphur
has turned from a major pollutant to an essential minimum factor in plant production.
While sulphur imissions accounted to 30 - 40 kg/ha*a SO2-S in 1980 this amount has been
reduced by more than 40% in 1992 (SCHNUG, 1993).
In order to evaluate the sulphur nutritional status of agricultural crops by soil analysis, first
the validity of the method need to be verified. For this purpose continuous field surveys
have been conducted in Schleswig-Holstein, the northern Federal State of Germany.
Materials & Methods
Field surveys have been carried out over a 12 years period (1981-1992) in SchleswigHolstein with in total 1200 samples. Samples have been taken according to the Test Plot"
method (FRANCK, 1978) with an average size of 400 m 2 of each test plot. Sampling of soil
and plant material was carried out at shooting stage of the oilseed rape crop.
For soil analyses air dried material, sieved to 2mm particle size has been used.
Nitrogen in plant tissues and soils has been determined by Kjeldahl and HEREAUS element analysor. For the Cg-o determination the HEREAUS element analysor or a conductive approach by a STROEHLEIN apparatus has been realised.
For sulphate analysis the following methods were used:
1. Light soluble sulphate: Extraction according to HOLZ (1984) with 0.17m NaCl + 0.05m
CaC^; determination indirect by atomic absorption (SCHNUG, 1984)
2. Heat soluble sulphate: Extraction of the moistened and heated sample for lh at 105* C
with 0.05m MgCl2 according to WILLIAMS and STEINBERGS (1959); determination
indirect by atomic absorption (SCHNUG, 1984). From the results the light soluble sulphate
fraction is substracted.
3. Exchangable sulphate: Extraction with 0.05m MgCl? under addition of 1 mmol CaCC^
per g soil according to WILLIAMS and STEINBERGS (1962); determination indirect by
atomic absorption (SCHNUG, 1984). From the results the light soluble sulphate fraction is
substracted.
In plant material beside the total sulphur concentration the sulphate and acid soluble sulphur fraction has been determined.
Results and Discussion
In terrestric soils sulphur is mainly bound in organic matter. In all soils of the field surveys
in Schleswig-Holstein >96% of the total sulphur in soils is organically bound
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(GRUNWALDT, 1969). The remaining sulphur is mainly anorganic sulphate, which is light
soluble in the soil and can be extracted by weak salt extractants.
In Table 1 an overview over concentrations and variation of different sulphur fractions in
soils of Schleswig-Holstein is given. Mean values and distributions of heat and light soluble
sulphate fractions did not show significant differences (F-test) between different years.
Table 1: Mean values and variation range of total sulphur concentrations, heat and soluble
sulphate concentrations and C or „ -content of 332 top soil samples (0-30cm) in SchleswigHolstein
Parameter
S

Dimension

total
8/k8
S04-S
mg/kg
(heat soluble)
SO4-S
mg/kg
(light soluble)
C
org.
8/k8

Mean value

Stand, dev.

Min.

Max.

0M

°- 21
0.91

5 8

65

°- 38
3.7

10.2

8.3

0.16

62.0

19J

18

°-7

107 8

43.6

-

Analysis of the exchangeable sulphate showed in all cases values below < 1 mg/kg SO4-S.
One approach for calculating the validity of soil analysis data is by viewing its relation to the
total sulphur concentration in younger leaves during main growing season of plants on different soil types (SCHNUG, 1988; Schnug & Haneklaus, 1992). The relations between total
sulphur, light soluble and heat soluble sulphur in soils and total sulphur concentrations in
the leaves as well as important sulphur fractions are discussed. The results reveal that none
of the sulphate fractions in the soil (total sulphur, heat and light soluble sulphate) can explain the variability of the plant sulphur concentrations. Therefore further investigations
need to be carried out in order to find a soil analysis procedure that is highly accurate for
the diagnosis of the sulphur nutritional status of agricultural crops.
The preferability of soil analysis, especially the concentration of light soluble sulphate as a
criteria for the evaluation of the sulphur nutritional status of crops is contraversly discussed
in the literature: On the one hand total acceptance (SCOTT, 1981; SCOTT et al., 1983) and
on the other hand unsuitableness (BETTANY et al., 1982; BLAIR et al., 1978). Generally it
can be stated that positive results derive from pot or field trials with a much lower variability of values than field surveys.
Literature
Bcttanjr, JJL, Janzcn, H. IL A Stewart, J.WJB. (1982): Proc. of the Conf., London 2 (Int. Sulphur Conf), 787-799
Blair, GJ, Mamaril, CP. A Moumat, E. (1978): IRPS 21
Scams, E. (1988): Habiliutionsschrift, Agrarwiss. Fak., Kiel
Schans, E. (1993): BerichtefiberLandwirUchaft (SII, in pre»)
Schaaf. E. * Hvaaa, E. (1992): Phyton 32 (3), 119-122
Sduug, B. A HaacUauc, S. (1992): Perspectives Agricoks, 171, 30-32
Scott, MM. (1981): J. Sri. Food Agric., 32,193-199
Scott, MM, Watson, M-Ii A Caldwell, ICS. (1983): J. Sri. Food Agric, 34, 357-361
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Multiple Linear Regression Applied to the Selection of Soil
and Plant Tissue Analysis Data More Related to Groundnut
Yield.
Q.A.C. Carmello*, A.R. Dechen, S.C.F. Dechen, and F.A. Monteiro. Escola
Superior de Agricultura Luiz de Queiroz, P.O. Box 09, 13418-900, Piracicaba,
State of Sao Paulo, Brazil.
Introduction. An objective of the researches on the use of fertilizers and lime is to generate
informations that can help farmers to define their fertilization pratice. A hard problem is to
decide how much nutrients apply to a specific crop.
Materials and Methods. Data on crop yield, on nutrients concentration in plant tissues and on
soil chemical analysis were taken from several-years experiment involving four crop rotation
systems (groundnut/groundnut; groundnut/green manure; groundnut/groundnut-maize and
groundnut/green manure-maize) and three lime rates (0; 3 and 6 Mg ha"1) in three cropping years
(84/85; 85/86 and 87/88). It was studied the possibility of using the multiple linear regression
to determine the independent variables that were more related with groundnut (Arachis hipogaea
L.) yield. Stepwise and forward procedures of SAS statistic program were compared.
Results and Discussion. Stepwise procedure was more efficient than the forward one in selecting
the independent variables which had more contribution to the R2. Table 1 shows the percentage
contribution of each independent variable on the R2 composition when all data were used in the
stepwise procedure or when each year or lime rates or crop rotation was used. Multiple linear
regression was helpful in the selection of the independent variables more related to the crop
yield. Cropping years differences were attributed to different climatic conditions (mainly
rainfall). Climatic conditions, lime rates and crop rotation systems affected the selection of the
independent variables. R2 had lower values for the regression equations obtained from the data
related to 3 and 6 Mg ha"1 lime rates than for those related to no-lime treatment.
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Table 1. Percentage contributions of variables to the R2 composition in the multiple linear
regressions with data on groundnut yield (Stepwise procedure).
ALL
p,

84/85

10.55

7.93

O.M.j

3.96

PH,

1.85

3t/ha

6t/ha

7.02

5.07

R.

R2

R3

9.80

11.84

21.63

10.45

18.17

6.10

29.30

22.67

41.06

17.59
15.14

K2

7.76

3.69

18.45

2.34

Ca,

12.53
10.46

Mg2
H + Al,

R.

17.39

pH2

Ca,

0

4.99

O.M.,

K,

87/88

16.57

3.46

p2

85/86

4.70

20.02

41.37

2.37

3.17

H + A12
19.29

CEC,

12.31

CEC.2

13.96

N
P

1.52

23.79

Ca

10.07

2.10

22.18

3.49
3.65

14.78

2.61

15.44

5.98
7.74

Mg
S

9.39

B

4.04

14.71

Cu

16.55

16.28

Fe

15.85

Mn

7.01

20.39

40.56

44.20

0.51

11.86
4.39

32.57

13.67

2.92
49.35

Zn
R

27.05

7.88

K

2

9.08

13.91

0.45

8.04
0.60

0.61

0.84

0.77

54.75

2.76

0.46

0.90

0.73

64.05

40.31

0.83

0.87

5
9
10
4
6
9
3
5
4
5
Var.*
12
Index subscnpt in each variable indieates the soil layer sampled 'i = 0 to 20 cm and 2 = 20 to4C cm).
Variables without such indexes refer to plant analysis. R, - G/G; R2 - G/GM; R, = G/G-M and R< = G/GM-M.
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Integration of Soil Analysis and Data
into an Economic Survey
C. Meisner*, N. Chowdhury,and M. Morris. International Maize and Wheat Improvement
Center (CIMMYT), Dhaka, Bangladesh; International Food Policy Research Institute (IFPRI),
Dhaka, Bangladesh; and CIMMYT, Bangkok, Thailand.
Introduction. An influential World Bank report published in 1992 concluded that Bangladesh
does not enjoy a comparative advantage in producing wheat compared to bow rice, the other
major cereal crop grown in the winter season. Yet two million Bangladeshi wheat growers
must have some reason for continuing to grow wheat. A survey was carried out in 1993 to
determine whether factors overlooked in the World Bank study could significantly affect the
main conclusions. In addition to collecting information on standard input-output coefficients
and price parameters, the survey focused on soil type, land elevation, water regime, and other
physical factors known to affect farmers' planting decision;:.
Material and methods. Data on production practices for wheat and alternative crops were
collected in early 1993 through a survey of 421 farm households located throughout the major
wheat growing districts of Bangladesh. Soil samples were collected for each respondent and
analyzed at the soil laboratory at the Bangladesh Agricultural Research Institute.
Results and discussion. Soil test results indicate that the majority of the fields sampled are
at or below critical levels for nitrogen, organic matter, zinc, and boron (Table 1). In addition,
approximately one quarter of all fields were also found to be deficient in magnesium,
manganese, calcium, and phosphorus. These alarmingly low levels of soil fertility presumably
have resulted from crop intensification brought on by continuing population growth in the
absence of possibilities to expand cultivated area.
Table 1:

Percentage of sampled areas at or below the critical levels for soil elements
from growers participating in the survey.
Element

Critical Level for the element

%

Nitrogen (NH„-N)
Organic Matter
Zinc
Boron
Magnesium
Manganese
Calcium
Phosphorus
Copper
Sulfur
Potassium
Iron

75 ppm
2%
2 ppm
0.2 ppm
0.8meq/100 ml
5 ppm
2 meq/100 ml
14 ppm
1 ppm
14 ppm
0.2 meq/100 ml
10 ppm

100
100
85
69
28
24
23
22
3
3
2
1
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Furthermore, the soil data indicate that wheat and bow rice, which have always been thought
to compete for land, in fact are planted on different soils. Bow rice is planted on soils with
higher clay content, which facilitates puddling (thus ensuring a better plant stand) and
reduces the rate of water percolation (thus saving irrigation costs). In contrast, wheat is
planted on lighter textured soils which are relatively more difficult to puddle and would have
to be irrigated more frequently to maintain flooded conditions required for high bow rice
yields. Rape, mustard, and lentils are also planted on these lighter textured soils and thus
compete for land with wheat (Table 2).
Table 2:

The percentage of soil texture type within each crop (row totals in italics). The
percentage of selected crops within each soil texture type (column totals in
bold print).
Percent Area by Soil Texture Types
fOP

• Rainfed
Wheat
• Irrigated
Wheat
• Boro
Rice
• Rape &
Mustard
• Lentils
Total %

" °lay

Silt

Silty Loam

Sandy loam

Total %

8.4
5.6
4.1
1.9
32.7
62.6
42.9
24.9
14.0
4.9

14.3
7.9
29.0
10.9
38.6
60.7
30.4
14.1
20.8
6.0

31.2
25.1
35.3
19.3
16.9
38.7
12.5
8.7
19.7
8.3

44.3
33.5
31.5
16.2
11.8
25.4
12.7
8.2
42.0
16.6

1.7
6.0
0.1
2.0
0.1
4.0
1.6
37.0
3.6
51.0

7ÖÖ

100

100

100

100

100

Clay loam

Sl

y

700
100
100
100

Analysis of crop budgets reveals that the relative profitability of wheat vs. bow rice varies as
a function of soil type and land elevation, among other factors. In general, on heavier soils
with reliable irrigation, bow rice is more profitable than wheat. However, wheat can be as
profitable as bow rice on lighter soils. The crop budgets also indicate that rainfed wheat is
more profitable than irrigated wheat in years of adequate rainfall. However, in many zones
where rainfall is frequently inadequate during the wheat-growing season, irrigated wheat is
profitable over the long run.
In calculating the comparative advantage of wheat vs. alternative crops, the influential World
Bank study failed to account adequately for the important effects of soil type and land
elevation. Incorporation of soil data in the analysis suggests that the earlier conclusions are
not necessarily valid for all wheat-growing zones. When factors related to soil type and land
elevation are included, wheat can be profitable in some regions of the country. This
conclusion will hardly come as a surprise to the two million Bangladeshi households that
continue to grow wheat.
Literature Cited. World Bank, 1992
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An Air Brush and Water to Clean the Iron Oxide Strips in
the Pi Soil Test for Phosphorus
B.R. Whelan*, K. Wittwer, S.P. Roe, N.J. Barrow and R.G.V. Bramley. CSIRO
Division of Soils, Underwood Av., Floreat Park, Western Australia 6014
Introduction. The use of filter paper strips impregnated with iron oxide to sorb phosphorus, the Pi test,
was first developed to measure low P values in tropical soils (1) and subsequently developed as a
standard procedure for testing a wide range of soils for phosphorus availability (2). Compared with the
common chemical extraction tests for phosphorus, eg. Olsen and Colwell, the Pi test is non-extractive.
The strip acts as a sink for P and therefore mimics the action of plant roots. Thus, the Pi test is more
likely to give good quantititive measures of the amount of P that is available to plants than the extractive
tests which are only qualitative. The technique of making the strips has been modified to improve the
reliability of the results (3). In the original method (2), the strips were encased in a mesh bag to reduce
soil contamination. In our experiments, this was not always satisfactory as under some conditions soil
continued to adhere to the strip and inappropriately elevated the value of the P desorbed. Another
consideration was that in a routine procedure, the use, washing and reuse of the mesh bags would reduce
the efficacy of the technique in a commercial soil testing laboratory. We investigated other means of
removing the soil that adhered to the strip.
Materials and Methods. A soil derived from laterite and granite (Haploxeralf) had P added as
Ca(H2P04)2 at 1000 mg P kg'1, was incubated at 80°C for 2 days, and used as a test soil for comparision
of different procedures. The iron oxide strips were prepared using the modified procedure (3) and the P
desorbed by mixing lg soil with 40 mis of 0.01 M CaCl2 and gently rolling with a single strip in the
suspension for 17 hrs at 25°C. The P was extracted from the strips with 40 mis of 0.1 M H2SO< for 1 hr
and measured by a molybdenum blue method. A standard P solution with 20 ug P in 40 ml aliquots of
0.01 M CaCl2 was used to test the efficiency of the strips for P recovery. The mesh bags, measuring 30
mm by 110 mm, were made from commercial nylon sieve material with apertures from 25 to 150 urn and
the strips were secured in the bag with adhesive tape.
Strip washing. After rolling in the soil suspension, the strips were taken from the bottles and the soil
adhering to the strips was dislodged by either; washing with a laboratory wash bottle (W/B) applying 60
mis of deionized water to each side of the strip in a single stream over a period of 4 to 5 mins, or with
an artists air brush (A/B) using deionized water to wash each side of the strip for 30 sees applying a total
volume of about 12 mis of water. On selected strips, the residual soil contamination was obsesrved under
a SEM and measured by comparing the ion ratios of Si:Fe over an area of about 7 um2. The strip
washing techniques were compared with and without mesh bags over a range of different mesh sizes and
replicated three times. The washing techniques were also compared over 12 replicates with and without
bags of a single mesh size of 100 um.
Results and Discussion. The recovery of 20 ug P by the Pi test from a solution without any soil was
about 100% (Table 1). The size of the mesh had no significant effect (P<0.05) on the P recovery nor did
the air brush treatment remove any P that was already sorbed onto the strip. Sorption of P on the Pi strips
from the test soil was significantly over estimated when the mesh bag was not used due to soil particles
with sorbed P sticking to the filter strips. The soil contamination was observed with the SEM and
confirmed by comparing the 0.34 Si:Fe ratio of the no bag and bottle washing treatment to the 0.11
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Table 1.
Effect of mesh size of bags and washing technique on P recovery from a
standard solution and a test soil.

25 um
74 um
Bag mesh
Washing W/B A/B W/B A/B

100 um
W/B A/B

132 um
W/B A/B

150 um
W/B A/B

No bag
W/B A/B

20ugP
solution
Test soil
ugP

19.3

20.3

20.0

19.9

20.2

20.2 20.2

20.1

20.2

19.9

21.0

20.1

43.7ab 38.1' 65.7" 49.6'b 63.7ab Só-O* 59.6* S U * 64.9* 63.2"" 112.2 81.1"

Means with the same letter are not significantly different (PO.01);

W/B - wash bottle, A/B - air brush

ratio from the strip in the 150 um mesh bag with the same washing technique. Although there was a
tendency for the Pi test value to decrease with decreasing mesh size, there was only a significant
difference (P<0.05) between the 25 um mesh with air brush washing and 74 um mesh with wash bottle
washing. The air brush washing technique was very effective at removing soil from the Pi strips and after
washing with the air brush, the P sorbed on the strips without mesh bags was not significantly different
(P<0.05) to the P on the strips that were mixed with mesh bags apart from the 25 um bag. The Si:Fe
ratio of the no bag/air brush treatment was <0.001 and is comparable with Si:Fe ratio from the 150 um
mesh bag and air brush treatment of 0.018. When mesh bags were used, a comparison of the effect of
washing technqiues on P sorbed on the strip showed there was no significant difference (P<0.05) between
the air brush and wash bottle treatments although the air brush had consistently lower soil contamination.
Under these conditions, the mesh limited the soil contamination to a level where cleaning with a wash
bottle was only just adequate. This result indicates that Pi strips could be used without mesh bags,
provided they were washed with an air brush, to produce similar results to strips in mesh bags. These
conclusions were supported by an experiment with a single mesh size of 100 um that showed there was
no significant difference between strips that had been air brushed after mixing with the soil suspension
without mesh bags and strips that had been in mesh bags. For the strips that were in mesh bags, there
was no significant differences (P<0.05) between washing with an air brush or a wash bottle.
Conclusion. The use of an air brush improves the efficiency of the Pi test by removing contaminating
soil from the paper strips thereby eliminating the requirement for mesh bags which are cumbersome and
time consuming to use in a routine soil testing procedure.
i
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Suitability of Several Soil Extractants to Identify Zinc Responsive
Soils for Rice
Kuldeep Singh. Department of Chemistry and Biochemistry, CCS Haryana
Agricultural University, Hisar - 125004, India.

Introduction. Rice is very susceptible to Zn deficiency. At present, Zn deficiency,
in certain rice growing areas of North india is more widespread nutritional disorder
than the deficiency of any other element, with the exception of N and p. Ricewheat is the most popular cropping pattern in the irrigated areas of the region
because of its higher yield potential and better market price. It seems to be
imperative to evaluate the suitability of some extractants to assess the available
Zn status in these soils.
Materials and Methods. Ten bulk soil samples were collected from rice growing areas
of Haryana state. Range and mean values of some soil variables are given in table.
Table. Range and mean values of soils variable for the soils studied

pH (1:2)
EC (dSnf')
O.C. (%)
Clay {%)
Olsen's P (ppm)
DTPA-CaCl (pH 7.3)
EDTA-(NH LCO,(pH 8.6)
EDTA-NH OAC(pH 7.0)
0.1N HCI 4
1NCH„COOH

Range

Meam

7.40
0.21
0.32
8.00
3.00
0.38
0.40
0.70
0.90
0.30

8.20
0.47
0.73
17.40
15.25
0.85
1.12
1.30
1.79
0.54

- 8.60
- 0.71
- 1.26
-28.00
-44.50
- 1.22
- 2.16
- 1.90
- 3.60
- 0.80

Rice variety IR-8 was grown upto maturity under greenhouse conditions using 4 kg
soil with 0, 5 and 10 ppm Zn as ZnS0..7H„0. Each treatment was replicated
thrice. The pots were flooded with delonized water as required. Available Zn in
soils was extracted using DTPA-CaCl of pH 7.3 (1:2 soil : solution, 2 h shaking);
EDTA-(NH LCO„ of pH 8.6 (1:2 soihsolution, 30 min shaking); EDTA-NH.OAC of
pH 7.0 ( 1:5 s o i l : solution, 30 min shaking); 0.1NHC1 (1:10 soil : solution, 1 h
shaking) and INHCHgCOOM (1:10 soil : solution, 45 min shaking).
Results and Discussion. Among the various extractants, 0.1N HCI extracted
maximum quantity of Zn from the soils. Correlation coefficients relating soil
extractable Zn with yield response to added Zn was used a criterion by which
Zn soil extraction methods were evaluated. However, none of the extractants
tried was significantly correlated to plant Zn indicating the limitation in nutrient
concentration approach for calibrating soil test for Zn, since concentration of Zn
in plants is influenced by several other factors such as amount of dry matter
produced, plant part used and growth stage. Percent grain yield varied from
14 to 94 per cent.

168

Although DTPA extractable showed significant and positive correlation with per
cent yield, the magnitude of predictability was less as compared to that of 0.1 N
HCl. The 0.1 N HCl extractable Zn had significant negative correlation with pH
and positive one with Olsen's P. Since 0.1 N HCl extractant gave the highest
correlation with per cent yield, and other extractants, except DTPA, failed to show
such significant correlation, it can be concluded that 0.1 N HCl method is the most
suitable one for assessing available Zn in rice growing soils of Haryana state.
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Cycling of Sulphur in Intensively Grazed Sheep Pastures
P.H. Williams, and R.J. Haynes. New Zealand Institute for Crop & Food
Private Bag 4704, Christchurch, New Zealand.

Research,

Introduction. In grazed pastures S fertilizer inputs are often only a small proportion of the total
amount of S annually taken up by the pasture plants. Thus the S fertility of the pasture is dependent
on the ability of S to cycle through the soil-plant-animal system. In intensively managed sheep
pastures, 60-80% of the S taken up annually by the pastures is returned to the soil as dung and
urine. The concentration of S in these excreta patches is very high (up to 100 kg S/ha) and exceeds
immediate plant requirements. This leaves a large amount of S present in the soil which can be
leached or incorporated into organic soil S fractions (Hi-reducible or C-bonded). The reuse of this
S by pasture plants is an important part of the S cycle and detailed studies have been carried out
to determine the fate of excretal S in grazed sheep pastures.
Materials and Methods. A number of experiments were carried out in the field and glasshouse
using 35S-labelled dung and urine. These experiments examined the forms of S in dung and urine
and studied their transformation and plant recovery after application onto the soil surface.
Results and Discussion. Sulphur excreted by sheep fed a high quality grass/clover pasture was
partitioned unevenly between urine (75%) and dung (25%). Most of the S in the urine was
sulphate-S (75%), the remaining being ester sulphate. The S in dung was considerably less soluble
with 20% present as sulphate and 80% as C-bonded.
The dung 35S was slowly recycled to the pasture plants with only 14% recovered in 9 months.
Initially there was a rapid release of the dung S (24% within 34 days) mainly as sulphate-S. This
was followed by a very slow release of the organic S, with most of the 35S remaining in the 0-50
mm depth of soil throughout the experiment as C-bonded S which originated from the dung.
In the urine patch there was an uneven distribution of urine sulphate through the soil profile.
During a urination approximately 60% of the urine was retained in the 0-50 mm depth but the rest
penetrated down to 150 mm by preferential flow through the soil macropores. With time the
amount of urine sulphate in the soil decreased due to plant uptake, incorporation into organic forms
and leaching. Immobilisation of urine sulphate began within a few days of application. In a
glasshouse study 27% of the applied sulphate-35S was incorporated within 7 days and 37% within
62 days. In field trials 27-36% was incorporated over a 85-120 day period. This rapid
incorporation was due to the high microbial activity in this pasture soil. Incorporation was mainly
into the C-bonded fraction (Figure 1) except when soluble organic C was thought to be limited and
then HI-reducible S was the dominant form. Over a nine month period, approximately 50% of the
incorporated 35S was mineralised and recovered by pasture plants.
Pasture production in the urine patches was stimulated due to the high concentration of nutrients in
the urine (especially N). This effect lasted for 3-4 months and resulted in increased uptake of S by
the plants. Thus plant recovery of the urine S can initially be rapid. When sulphate-35S labelled
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urine was applied to the soil in summer (when environmental conditions favoured rapid plant
growth), 77% of the 35S was recovered within 65 days of application (Figure 2). Recovery of 35S
from urine applied in the winter was slower with 25% recovered in 65 days. Plant recovery of the
urine S continued for 12 months, resulting in the recovery of 80% of the 35S from summer and 70%
from the winter applications.
Leaching losses of sulphate from urine patches were expected to be high due to the presence of high
concentrations of sulphate in the soil. However these results show that due to a combination of
rapid plant uptake and immobilisation soil sulphate levels quickly decline so that leaching losses are
only likely soon after urination. During this study leaching losses only occurred from a urine
application in the winter when 25% of the sulphate-35S was leached.
Overall these results showed that the S in excreta patches cycled at different rates. In urine patches,
most of the S was present as sulphate which was rapidly recycled via plant uptake and
immobilisation. Approximately 30% of the urine sulphate cycled through the organic pool,
particularly the C-bonded fraction. Most of the S in dung was organic (also C-bonded) which was
relatively inert.
Literature Cited.
(1) Williams, P.H., Haynes, R.J. 1992. Transformations and plant uptake of urine-sulphate in urineaffected areas of pasture soil. Plant and Soil 145: 167-175.
(2) Williams, P.H., Haynes, R.J. 1993. Fate of 35S-labelled urine sulphate in urine affected areas of
pasture soil under field conditions. Journal of Agricultural Science. In Press.
(a) Summer
Total recovery = 100%
100
Herbage

60
50
•a
0)
|

40

Herbage
uptake

(b) Winter
Total recovery = 75%
100.

30
CO

C-bonded S
20

75

\

Herbage

50
Hl-reduclble S

10

Sulphate-S
0

25
0

L

ir^v—100

Templeton Temuka

Walmak

Wakanul

200

300

400

Oxford

Days after urine application

Figure 1. Recovery of 35S-labelled urine
sulphate in the surface soil (0-25 mm) and
herbage 35 days after application to pasture
microplots at five different sites (1).

Figure 2. Recovery of 35S-labelled urine
sulphate in the soil and herbage after
application to field microplots in (a) summer
and (b) winter (2).
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Sulphur Research and Requirements in Southeastern
Asian Agriculture
P. Parkpian*, Rod D.B. Lefroy, P. Sangtong and P. Pongsakul. Soil Science
Division, Deparment of Agriculture, Chatuchak. Bangkok 10900, Thailand
Introduction. Sulphur (S) deficiencies are expected to become widespread
in Southeastern (SE) Asia because of increased nutrient demands from
improvement in agricultural production and also from farming marginal lands.
Crop removal and leaching result in major losses of S from surface soils.
Further the move from balanced fertilizers containing S to varieties with
little or no S is exacerbating a chronic S deficiency in many areas. Thus
diagnosing deficiency and correction are important because adequate supply
of S is essential for optimum crop production.
Materials and Method. In This paper we will review recent S research and
requirements including suitable S fertilizer sources in selected SE countries
through major international S field trials projects.
Results and Discussion. From the work already done the following important
findings have emerged:
- Balance sheet approaches were developed for both phosphorus and
sulphur in Malaysia, Indonesia and Thailand on upland and lowlands soils
with crop of citfrft:, cowpea, inungbeari.,-{groundnut and -riee.- -This -trials- havealso shown the importance of the fate of crop residues is a major
determinant of,.fertilizer S requirements^ For example in Thailand a 3 year
corn - mungbean experiment, a net gain of 20.9 kg S/ha was obtained when
32 kg S was applied and crop residues ;returned.
- S inputs from rainfall can have an important bearing on fertilizer S
requirements. The S monitoring stations established in Malsysia, Indonesia
and Thailand for 5 years have shown that inputs varied considerably
depending on both the region and the season. Values ranged from 10 to 30
kg S/ha/year.
- On management of alternative S fertilizer sources, research conducted
on acid sandy soils of Thailand has indicated that in a corn/cowpea cropping
system, gypsum, elementairs and urea/Spare effective S sources. S bentonite
may be an acceptable source in the longgr term.
In conclusion correction of S deficiqficy in field crops of SE Asia is
important and can be alleviated through jfhe information obtained from these
field studies. Knowledge of better crop ifesidue management and minimizing
S losses from the agricultural system will help planning on development of
fertilizer use program within the region.
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Investigating Increased Sulphur Deficiency in the United Kingdom

Finigp* Zhflè anti
Research, Rothamsted

SieVe P. M c G r a t h AFRC Institute of Arable Crops
Experimental Station, Harpenden, Herts AL5 2JQ, U.K.

Introduction. The U.K. has seen a substantial decrease in S0 2 emissions during the past
two decades (1). Reduced inputs of S from the atmosphere and also fertilisers, due to the
replacement of S-containing fertilisers by high-analysis fertilisers containing zero or low
amounts of S, have resulted in increased incidence of S deficiency in arable crops and
grassland. This paper discusses the current situation regarding atmospheric S deposition and
soil and crop S status in the U.K., and assesses the risk of S deficiency by using a qualitative
model.
Sulphur inputs from the atmosphere. Sulphur dioxide emissions in the U.K. peaked in the
late 1960's and have since decreased by approximately 50% to a current level of 1.8 x 106
t y ' of S (1). Continuous monitoring at both Rothamsted and Woburn Experimental Farms
showed that S0 2 concentration in the air has decreased from 60-80 |ag S m"3 in the late 1970's
to a present level of 10-15 ug S m"3. Approximately half of the U.K. land area is estimated
to receive less than 20 kg S ha"1 per annum ftofrn the atmospheric deposition, particularly in
Scotland, souÜteiWalésiand south-west England (2).
Soil S status. At 21 experimental sites throughout the U.K. phosphate extractable S in
topsoils ranged from 6 to 19 mg S kg"1, with nearly half of the soils having a value of less
than 10 mg S kg"1, which is widely considered as a critical value (3). However, the
contribution of subsoil S to crop uptake also needs to be evaluated. Two adjacent fields with
topsoils of similar texture, and with a similar amount of phosphate extractable S, differed
greatly in their ability to supply S to crops because of the large difference in the available S
pool in the subsoil (4).
Crop S status. Wheat grain samples were ooSected in 1982 (240 samples) and again in
1992 (381 samples) from the major cereal growing areas in Britain. In 1982 total S
concentration in grain ranged from 0.133 to 0514% with a mean of 0.172% (5). This
compares to a range of 0.054 - 0.209% and a mean of 0.143% in the 1992 survey. It is clear
from the relative frequency distributions (Fig. 1) that the S status in wheat has decreased
significantly during the 10 year period. In 1982 no samples contained less than 0.12% total
S (the critical value for deficiency), whereas; in 1992 about 7% of the samples had a S
concentration below 0.12%.
Responses to S application. Significant yield! increases due to S application were obtained
in winter oilseed rape at Woburn Experimental Farm in both 1991 and 1992 seasons. In 1992
seed yield was increased by 66% in response to an application of 40 kg S ha"1 as gypsum.
Recently responses in cereals have also been reported in England and Wales (6).
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Assessing the risk of S deficiency in cereals. A qualitative model was used to assess the
risk of S deficiency in cereal growing areas in England and Wales, taking into account inputs
of S from the atmosphere, soil organic matter content, meteorological data and soil properties
related to the potential for sulphate leaching. Soil data were obtained from the National Soils
Inventory (7) and were based on 5 x 5 km grids. Mapping of the computed risk index shows
that currently about 10-15% of the land area is at high risk of S deficiency, located mainly
in East and Southwest England.
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Fig. 1 Frequency distribution of S concentration in wheat grain in 1982 and 1992
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Sulfur-35 Studies of Plant Uptake, Soil Transformations and
Recycling of Applied Sulfate
A.R. Till, Graeme J. Blair*, and CD. Shedley, Department of Agronomy and Soil
Science, University of New England, Armidale, N.S.W. 2351 .Australia.
Introduction. Immobilisation of fertiliser S and the rate of subsequent recycling to plant available
sulfate could have an important bearing on fertiliser efficiency and in S soil testing (1). Freney et
al. (2) demonstrated the biological nature of S immobilisation, which ceased after autoclaving or
treatment with formaldehyde or ethelyne oxide.
In the following experiment 35S was added to soil as sulfate to study the uptake by plants and the
rates of transformations between the plant available sulfate, hydriodic acid reducible S and carbon
bonded S soil pools.
Materials and Methods. The soil, a fine sandy loam derived from laterized tertiary sediment, was
air dried and passed through a 2 mm sieve. The total S concentration was 376 |ig S g-' soil and
MCP extractable S was 7.5 (ig S g ' soil. In phase 1 of the experiment 3 replicates of a factorial
combination of 2 sulfate treatments (10 and 50 ug Sg'1 soil), and 4 destructive samplings (14, 35,
63 and 98 days) were studied at a temperature of 18/11 CC (12 hr day/12 hr night). PVC pots were
each packed with 1 kg of the air dried soil, treated with the appropriate amount of sulfate as
Na235S04 in solution (6.4 MBq 35S and 10 or 50 mgS) and planted with twenty pre-germinated
subclover plants (Trifolium subterraneum v. Woogenellup). At each destructive sampling clover
tops were cut at the soil level and roots were separated from the soil. The soil was air dried, passed
through a 2 mm sieve and sampled for radioassay.
For Phase 2 of the experiment 300 g of sieved, dry soil from each pot in the 98 day sampling was
shaken for 24 hours with 1500 mL of 0.01M MCP, filtered and washed with distilled water, thus
removing adsorbed and soil solution sulfate. Unlabelled soil (1200g) was mixed with each 300 g
sample of extracted soil, potted and planted with 20 pre-germinated subterranean clover seeds. The
pots were destructively sampled 70 days later and analysed as in phase 1. Measurement of changes
in the amount of 35S in these fractions enabled the calculation of the net rates of immobilisation or
mineralisation of added sulfate.
Results and Discussion. Phase 1. There was no consistent difference in the % recovery of 33S in
the plant between S application rates. By day 14 an average of 5.2% of the added 33S was present
in the plant and this increased to 22.5% by day 98 (Figure 1). The specific activities (SA) of the
applied Na^SC^ and the ^ S in clover plants showed that the 50 ng S g-1 treatment supplied 2-3
times as much of the plants sulfur as did the 10 |Xg S g-' treatment. The transfer of 33S into the
plant continued throughout the 98 day period with the rate peaking at 0.56% day 1 for the 35-63 day
period and declining to 0.01% day 1 in the 63-98 day period.
The proportion of S present as the MCP-S pool was less than 12% throughout the experiment but
the 35 S, applied in MCP extractable form, decreased with time (Figure 1). The 35S in the HI-S pool
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also decreased with time showing it had entered the pool at a high rate in the 0-14 day period and
subsequently undergone recycling during the 14-98 day period. By contrast, incorporation of 35S
into the C-S pool was slow from 0-14 days, increased in the 14-35 day period, slowed considerably
in the 35-63 day and had a net loss in the 63-98 day period. These differences indicate that the C-S
pool is turning over much more slowly than the other soil pools but because of its size it still makes
a significant contribution to the plant available S, either directly or via other intermediate pools.
100

Figure 1.
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Phase 2. At the beginning of Phase 2 HI-S constituted 60% of the soil 35S (Figure 1) and during
the 70 days of Phase 2, the plant, MCP-S and C-S pools accumulated S and there was a net loss
from the HI-S pool (Figure 1). As could be expected the net transfer of 35S into the plant (1.5%)
and C-S pools was considerably slower in Phase 2 than in the 0-63 day period of Phase 1 and
emphasises the importance of the rapid recycling from at least some components of the HI-S pool,
in particular, release into the MCP-S pool.
The use of 33S in this study has allowed the calculation of net transfer rates of S into the plant and
into the three major soil pools, namely MCP-S, HI-S and C-S. These data highlight the rapid
turnover of S in the HI-S pool and demonstrate unequivocally that this pool is a major source of S
to the sulfate pool. These results explain why soil extractants that do not extract S from this pool
generally correlate poorly with plant response to S or S uptake.
Literature Cited.
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Release of Sulphur from 35S Labelled Green Manure in
an Alkaline Calcareous Soil
K.S. Dhillon* and S.K. Dhillon. Department of Soils Punjab
University, Ludhiana, 141004, India

Agricultural

Introduction:
Supplying nitrogen through incorporation of
leguminous green manure crops is a well established practice for
partial substitution of inorganic nitrogenous fertilizers for
rice in tropical regions (5). Besides N, leguminous green manure
crops also contain substantial amounts of P, S and other
essential nutrients (2). When incorporated into the soil,
different nutrients contained in green manures are eventually
released on decomposition and become available to plants. The
information available on transformation of nutrients other than
N in soils amended with green manure is very scanty. This study
pertains to mineralization of S contained in Sesbania aculeata
in an alkaline calcareous soil as a function of moisture regime
and temperature. Since 3 5 S labelled green manure was used, it
allowed to trace the flow of S within the soil.
Materials and Methods: Surface soil sample collected from
Lodhowal loam series had pH 8.2, electrical conductivity 0.5
dS/m, organic carbon 0.51% and CaC0 3 9.2%. Green manure labelled
with 3 5 S containing 76.32 MBq 35 S/g S was thoroughly mixed with
the soil sample. The bulk soil sample which received 0.4 gm
green manure/100 g soil (on dry wt. basis) was split into four
equal parts and incubated for a period ranging from 3 to 112
days. at two moisture regimes i.e. water-logged and field
capacity and two temperatures i.e. 20°C and 35°C. Soil samples
were periodically removed and analysed for inorganic and organic
sulphur extractable with 0.5 M NaHC03 solution. Bicarbonateextractable S is the most widely used soil test for S since it
measures mineral S plus some organic "potentially mineralizable"
S (1) . Levels of both 3 2 S and 3 5 S were determined in each
fraction.
Results and Discussion:
At 2 0°C, net release of S from the
green manure was 5.49 fj.g S/g soil at day 3. It decreased
significantly at day 7 to 3.05 /xg S/g soil, then started
increasing and reached the day 3 level after 35 days of
incubation. Afterwards upto day 112, there was only little
change in the amount of S released from Sesbania. Similar
pattern in the mineralization of S was observed at 35°C, but the
net release was considerably higher than that observed at 20°C.
Stimulation in the rate of decomposition of purple vetch green
manure by increasing temperature from 20°C to 30°C has already
been reported (4) .
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The release of S from Sesbania green manure was 3 to 10
times less under submerged condition as compared to that at
field capacity moisture regime. Under submerged conditions, the
net mineralization of green manure S continued to decrease in
successive extractions upto day 35 and thereafter it recorded a
progressive increase. At the end of the incubation (at day 112)
S released from green manure was two times of that released at
day 3. Total S (including inorganic and organic) extracted by
bicarbonate solution followed a similar pattern indicating that
release of native S is controlled by green manure applied as
well as by the water regimes. Favourable moisture conditions for
organic residue decomposition in soils range from about 50 to
90% of water-holding capacity. At moisture levels more than 90%
of the water-holding capacity biological activity and
decomposition rates are adversely affected due to lack of oxygen
(3). In the present investigation, net release of S from
Sesbania was more at field capacity than under water-logged
conditions.
The data obtained in the present investigation suggests
that leguminous green manures cannot have a constant rate of
decomposition. Initially there is a rapid breakdown of sugars,
proteins and celluloses and the remaining material being more
resistant decomposes slowly. Periodic increase and decrease in
the net mineralization of added leguminous plant material is
indicative of the fact that easily decomposable materials are
partly synthesized
into microbial products
(temporarily
immobilized) which in due course of time are decomposed
resulting in increased mineralization.
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Sulphur Distribution in Alluvial Soils of Punjab, India
N.S.Pasricha, Department of Soils, Punjab Agricultural University,
Ludhiana, 141004, India
Introduction. Punjab is a small state of India of 50,362 km2 located between the latitude of
29°30' and 32°32' N and longitude 73°55' and 76°50' E in the North-West of the country.
Fertilizer consumption in the state increased dramatically during the last three decades,
especially after 1966 when high yielding fertilizer responsive mexican wheat cultivars were
introduced in the state. However, a drastic decrease in the incidental additions of S occurred
because of increased consumption of high analysis S-free fertilizers. This caused a
widespread S-deficiency and S became a limiting factor in crop growth and response to
major nutrient fertilizers. During the last two decades, a considerable research on various
aspects of plant nutrient sulphur has been done in the state, however, a detailed information
about the distribution of S was always lacking. With the help of support provided by FAO,
it became possible to gather information on distribution of S04-S in profiles of bench mark
soils which almost cover the entire cultivated soils of the state.
Materials and methods. Thirty sampling sites were selected which covered a wide climatic
range particularly in terms of mean annual rainfall and temperature. At all the sites, the
rainfall is markedly seasonal and wettest months approximately coincide with period of
maximum temperature. The seasonal pattern of rainfall with mean annual rainfall > 800,400800 and <400 mm for three zones may be taken as characteristic of wet, moderately wet and
drier areas studied (Fig 1). At each site, the soil was examined horizon-wise along a pit dug
to a depth of 1.5 to 2 m. Subsamples were taken according to horizon boundaries. The
procedure for determining soil characteristics were as described by Jackson (1973).
Sulphate-S was determined by extracting the soil with NH4HC03-DTPAsolution(Soltanpour,
1985). The extracts were then fed to ICP for determination of S0 4 . The method is designed
to operate at high temperature (6000-10000 K). The advantage of this method is that it
measures the total S content in soil extracts which may contain soluble organic S.
Results and Discussion. It has been found that much of the variation in the distribution of
S04-S can be accounted for by rainfall, but this is more clearly shown when these soils are
split into three groups. Even though there is considerable overlap in the values of S04-S
between the three zones, suggesting that rainfall per se does not govern the level of S0 4 in
soil. Infact the principal property of soil affected by annual mean rainfall is the organic matter
content, and consequently other properties of the soil so affected.
The Soils developed on steep slopes in Zone I do not have adequate amount of S0 4 S even in the surface Ap horizon. This is attributable to erosion losses of organic mater
bearing surface material. Soils developed on relatively flat areas were higher in surface Ap
horizon in the 0-13 to 18 cm than those at depth. If the rainfall is the means by which soils
accrue S, then rainfall distribution becomes important factor in the S supply, especially if the
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soils do not strongly retain S0 4 . Thus in the area of Zone I with relatively higher rairrfall, the
available S is relatively low. This may be because of total dependence on accretions'of S
from rainfall besides the organic matter.
The soils representing areas in Zone II are coarse textured and well drained and
have an a Ikaline pH. These soils are very low in S0 4 . These free draining soils are likely
to have a smaller turn-around of S through mineralization and immobilization as soil organic
matter and the system as a whole would retain less of the S from the atmospheric
accessions and organic return compared with their slower-draining counterparts and would
stabilize at lower S-status. The salt affected soils in this region have relatively high SO -S.
Similarly the flood plain soils which constitute about 7% of the total area.also have adequate
S in there profiles. These soils seem to have an almost equal distribution of S0 4 in the
profile. Leaching of S04-S or downward movement of S O / may not be a problem with
these soils because of the highly stratified nature of these soils.
The soils in Zone III are calcareous and presence of CaC03 nodules in the
subsurface horizon is indicative of limited leaching in these soils. One of the striking feature
of the arid soils of Zone III is that large quantities of sulphate accumulate in the lower depths
of the profile. Typically, the S04-S increased with depth in these soils until a maximum at
about 150 cm. Sulphate retention in these soils appears to be of a function of clay content,
which explains why the soils developed on sand dunes contained very little S0 4 .
For easy comparison, the quantity of S04-S in the 0-120 cm profile was estimated
assuming a bulk density of 1.5 (Fig 2) and sulphur status of different soils series are
discussed.
600
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Flood
plain
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Zone-I

Fig 1. Monthly distribution of rainfall of three
agro-climatic zones of Punjab

Zone-fl

Zone-Hi

Fig 2. Total sulphate-S content of profile (0-120 cm) of
some bench mark soils of Punjab (Bulk density
assumed is 1.5)
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Sulfur and Phosphorus Dynamics in an Acid Soil/Crop System
Djoko Santoso, Sholeh, Rod D. B. Lefroy and Graeme J. Blair*, Department of
Agronomy & Soil Science, University of New England, Armidale NSW 2351,
Australia.
Introduction. The ability of a soil to sorb phosphate and sulfate is a major determinant of the
movement of sulfate and phosphate ions in the profile and hence fertiliser efficiency (1,2). Earlier
research is equivocal concerning the effect of lime and concurrent applications of phosphate and
sulfate on P and S availability and movement. Any interaction could have significant consequences
for fertiliser management.
Materials and Methods. The first experiment was conducted with two contrasting acid soils in
open PVC columns in the absence of plants to simulate a pre-plant situation. The soils were a
gleyed podzolic (Aquic Haplustalf) (GP) (30ug P g-1 soil adsorbed at a soil solution concentration
of 0.2ug P mL 1 , 13pg S g soil 1 adsorbed at a soil solution concentration of 5ug S mL 1 ), and a red
earth (Haplohumult) (RE) (30ug P g-1 soil, 48ug S g"1 soil adsorption). A lime x P x S factorial
combination was applied to simulate residual P and a topdressing of 32P and 35S labelled fertiliser
made as a recent application. The columns were watered to 125% of field capacity at regular
intervals and allowed to drain freely.
A second pot experiment was conducted using the medium P and S sorbing Red Earth soil
(Haplohumult) of pH (1:1 H20) 4.9. The experiment in which corn (2 ea mays) was planted as the
test crop, was an incomplete factorial combination of 2 rates of lime (0 and 1.5 x exchangeable Al),
3 rates of phosphorus (0, 10 and 30 pgP/g soil), 2 sources of sulfur fertiliser (elemental S (ES) and
gypsum (GS), 2 methods of placement of sulfur fertiliser (mixed with or separated from the P
fertiliser), and 2 different times of sulfur application (all treatments applied as a basal dressing and
a split application, half applied as a basal and half 14 days after planting). Three treatments with P
only (0, 10 and 30 ugP /g soil) were added as a check for S responses.
Resultus and Discussion. In the first experiment there was considerable movement of applied P
downward in the column of the low sorbing GP soil. At the end of nine intermittent teachings the
32
P labelled P recently applied to the surface had been moved down to the second soil layer (7.5-15
cm). If the soil had been previously treated with P, the recently applied P was leached down to the
third (15.0-22.5 cm) and fourth (22.5-30 cm) soil layers.
In contrast to the results obtained with the GP soil, applied P did not move significandy in the
medium sorbing RE soil. Lime and sulfate application also had no effect on the distribution of
applied P in the soil columns.
Applied S was completely leached out of the GP soil by the nine intermittent teachings irrespective
of lime or P treatment. The losses of 35S labelled sulfate recently applied to the surface (>70%)
occurred mostly with the second and the third teachings.
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In the RE soil a previous application of S resulted in a loss of 34 to 57% of the applied S after 13
intermittent teachings. The application of 98 ug S g-1 soil as a recent S application to the soil
surface resulted in increased losses of the applied S. If the soil had a previous S treatment, the S
leached amounted to between 36 and 52% of the total S applied. Liming, enhanced teaching losses
of applied S, and P application only increased S losses in the limed treatment.
In the second experiment liming had no effect on crop yield or S and P dynamics. The experiment
demonstrated that movement and leaching losses of applied S fertilisers, and thus their efficiency,
was not only determined by soil properties but also influenced by form, rate and time application of
the S fertilisers, and their placement relative to the placement of P fertiliser. In addition the
mobility and effectiveness of S fertilisers was affected by the S requirement of the plants and the
rate of P fertiliser application.
Gypsum provided available S immediately and thus was advantageous for rapidly growing corn.
However, the immediate availability of sulfate-S from gypsum resulted in considerably higher
amounts of S being lost by leaching ranging from 2.2 to 15.7% of the applied S. On the other
hand, elemental S resulted in lower S losses by leaching (<1%), but the amounts of S taken up by
the plant from the elemental S fertiliser were also lower, especially if the fertiliser was applied in a
split application.
Mixing S and P fertilisers increased the effectiveness of gypsum and more particularly, elemental S
fertiliser. Mixing a single application of elemental S with 30 ug P/g soil increased fertiliser S
uptake by the plant from 2.7 to 12.4%. A subsequent study showed that the enhanced oxidation of
elemental S in the presence of P was due to an increase in Thiobacillus thiooxidans numbers in the
fertiliser band, The advantage of mixing S and P fertilisers has important agronomic implications,
and suggests that combined S/P fertilisers should be investigated further on weathered soils.
Literature Cited.
(1) Barrow, N.J. 1980 Differences amongst a wide-ranging collection of soils in the rate of
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The effects of Sulfur Application on P Availability and
Cotton Yeild in a Calcareous Soil
A. Shahrokhnia and J. Niazi Ardekani. Soil and Water Research Division of
Fars Agricultural Research Center. Shiraz-Iran.

Introduction. One of the main problems concerning Agricultural
utilization of calcareous soil in Iran is the availability of applied
P and certain micronutr ients( 2 ) . Sur plus sulfur,from gas industries,'
can be used beneficially for reclaiming these soils.
Material and Methods.To investigate the above mentioned variables,
a field experiment,factorially designed; consisted of 12 treatments
in 4 replications, were tested in Darab Agri.Exp.station located in
Fars province(Ostan), during 4 years from 1984 to 1987.
Results and discussion. In this experiment, the effects of 4 sulfur
levels (0, 500, 1000 and 1500 kg h a - 1 ) was studied on the availability
of three P fertilizer levels( 0, 45 and 90 kg ha
)in a calcareous
silty clay loam soil (Fine,Carbonatic,Hyperthermic,Aridic Ustochrepts)
with pH ranging from 7.7 to 7.8;ECe=0.6 mmhos cm - l at 25°C;T.N.V=48%
0.C=0.70 and available P=7.0 ppm. The results showed that , with
increase in S application rates, the amount of applied P availability
has been linearly increased at harvest time in contrast to check
plot. The yeild responses of cotton(Hopycala)to addeds S and P
fertilization did not show any significant difference between various
treatments. Neverthless, the treatments: S P„(90kg ha - * P as P 0 )
and S,P..(500 kg ha
S + 45 kg ha
P as P~0„-)has caused an additional
yeild equal to 250 kg ha~l with respect to untreated plot.The results
of chemical analysis of cotton leaves,which were cutoff at flowering
time and expressed on dry matter basis, are compared with the table
prepared by Sabbe and Mackenzie, 1972(3). The results showed that
the untreated and treated plots obey the same trend;
i.e.
the
percentages
of N and P are lower; that of K, Ca and Mg are higher
P
than the sufficient rates. And the micronutrients
concentrations
( except Boron ) , are in the same level as presented in the table
prepared by ( 3 ) . The low amount of P concentration in leaf dry matter
is in agreement with (1) which is due to P sorption by CaCo„ and
Pa 2+
3
^a
cations in the soil solution.
Literature Cited:
(1) Akinremi, 0.0. and C M . Cho, 1991. Phosphate and Accompanying
Cation Trasport in a Calcareous-Bxchnge Resin system. Soil Sci.Soc.
J. Vol.55: 959 - 964 .
(2)Dewan,M.L. and J . Famour i , 1964 ., The Soils of Iran.Joint project
with FA0 . Published by Agricultural Ministry of Iran.
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RESPONSE OF RICE (Oriza sativa L.) TO SULPHUR
APPLICATION IN CUBAN SOILS
R. Beltran*, V. Volke**, R. Nunez**, O. Muniz*, U. Avila*
A. Guerra* and N. Viera*.
* Depto. de Agroquimica, Instituto de Suelos, MINAGRI, La Habana, Cuba.
**Centro de Edafologia, Colegio de Postgraduados, 56230 Montecillo, México.
Introduction. Sulphur deficiencies in crops are frequently associated with soil
flooding (3), condition prevalent in the rice crop. Beltran et al. (1), working
with the missing element technique applied to Cuban soils cultivated with rice,
found that sulphur was one of the most deficient nutrient elements in soils with
pH close to 7. Based on this information, we proceeded to study the response of
rice to sulphur application under field conditions, for determination of optimal
sources and economic rates.
Materials and Methods. The research work consisted of 36 field experiments
distributed in different localities, soils and growing seasons. Table 1 contains
some soil characteristics in the different localities, including pH and sulphur
content as determined by the Nemetz method (extracting solution on
K N 0 3 0.02N).
Sulphur was applied in elemental form in 28 experiments and as ammonium sulphate
in 8 experiments, tested in rates of 0, 25, 50, 75 and 100 kg S ha" . NPK rates
were uniform within each experiment. Fertilizer application and all other
activities were carried out according to the Technical Instructions for Rice
Crop ,(2).

Table 1. Soil types, pH and sulphur content in the different
localities.
Locality

Soil type

Cubanacan
Corojal 1
Corojal 2
Corojal 3

Ferralitic gley
Ferralitic gley
Ferralitic gley
Ferralitic quartzitic,
leached redish yellow
Corojal 4
Ferralitic gley
Nueva Paz 1
Yellowish gley
Nueva Paz 2
Yellowish gley
Sur de Calimete 1 Yellowish gley
Sur de Calimete 2 Dark plastic gley
Sur de Jibaro
Dark plastic gley
Ramirez Esquivel
Dark plastic gley
Fernando Echenique Dark plastic gley
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pH

S
(me/100 g)

5.8
7.1
7.1

0.38
0.52
0.52

6.5
7.1
7.5
7.5
6.8
6.7
6.6
7.1
7.0

0.43
0.33
0.33
0.24
0.33
0.33
0.27
0.82
0.40

Optimal economic sulphur rates (OESR) were determined by a graphic method (4)
plotting rice yields as a function of sulphur rate assuming an input/product
price ratio of 0.002, although this figure would be lower for sulphur added as
ammonium sulphate.
Results. A positive response of rice yield to sulphur was observed in all
localities and seasons. Table 2 shows the mean yields obtained with each sulphur
rate. OESR for the different seasons and localities ranged from 45 to more than
kg S ha , without correlation with the available sulphur content determined in
the soil; therefore, the Nemetz method is not useful for predicting rice
responses to sulphur in the study area. OESR in 78% of the localities ranged
from 50 to 80 kg S ha ; therefore a recommended mean value is 65 kg S ha .
Table 2. Mean rice grain yields at different sulphur rates
in 36 experiments.
Sulphur rate (kg S ha. )
Mean Yield (ton ha" )

0
4.64

25
5.57

50
6.03

75
6.01

100
5.92

No differences in rice yields were observed between elemental sulphur and
ammonium sulphate as sulphur sources for the three localities and seasons where
this comparison was made, although elemental sulphur tended to reduce soil pH.
Therefore the decision to use a given sulphur source depends on availability,
price and manageability for application.
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1. Beltran, R., O. Muniz y N. Viera. 1987. Evaluación en condiciones controladas, mediante la técnica del elemento faltante, de la fertilidad de los
suelos con problemas nutrimentales en arroz. Programa 516 Variedades,
Nutrición y Tecnologia para la Producción de Arroz. Instituto de Suelos, La
Habana, Cuba. (Mimeografiado).
2. Dirección Nacional del Arroz (1986). Normas técnicas para el cultivo del
arroz. Ministerio de Agricultura, Cuba. (Mimeografiado).
3. Mamaril et al. 1987. Response of lowland rice to different sources of S. In
Proc. Symp. Elemental Sulphur in Agriculture, p. 329-337. Nice, France. 329337.
4. Volke H., V. 1990. Metodologia estadistica y económica para la generación de
tecnologia en la agricultura. Serie Cuadernos de Edafologia 16. Centro de
Edafologia, Colegio de Postgraduados, Montecillo, Méx., México.
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Release of Sulfur from Rice Residues under Flooded and
Non-Flooded Soil Conditions
Waree Chaitep, Rod D.B. Lefroy, and Graeme J. Blair*, Department of
Agronomy and Soil Science, University of New England, Armidale, N.S.W. 2351
Australia
Introduction. An important agronomic benefit of incorporating rice straw is improved soil
chemical, physical and fertility characteristics, which leads to higher rice yields and more
sustainable production. Ponnamperuma (2) indicated that there was likely to be a grain yield
benefit of incorporated straw in excess of 0.4 t ha-1 per crop. Tanaka (4) reported that composted
straw resulted in a yield increase of more than twice that amount.
Sulfur deficiencies have been reported in Indonesia, Malaysia, Thailand and the Philippines (1).
The increasing incidence of S deficiency in the regions is related to higher crop yields and lower S
inputs from high-S analysis fertilisers. Mineralization of S from crop residues becomes
increasingly important for maintaining S supply to the plant where other sources such as fertilisers
and atmospheric S inputs are reduced. The mechanism of S mineralization and the effect of straw
management on the S status of rice soils are still largely unknown.
Materials and Methods. A glasshouse experiment was conducted using an Aquic Haplustalf soil
to study the release of S from different rice residues ( low-S and high-S straw and ash) under
different water management conditions (non-flooded and flooded), and with and without the
addition of S fertiliser (So and SO). Rice straw residues (0.086 and 0.108% S) and ash produced
from them (0.168 and 0.374% S), labelled with 35 S, were used to investigate the importance of
residue form and residue S concentration for the release of S.
Results and Discussion. A loss of approximately 60% of the S from low-S straw and 40% from
high-S straw was recorded on burning.
Grain yields under non-flooded conditions ranged from 13.8 g por 1 in the So, no residue treatment
to 21.3 g por 1 in the S6 high-S ash treatment and from 17.4 to.24.8 g pot 1 in the respective
treatments under flooded conditions. Yields were significantly, higher in all flooded treatments
except So low-S and high-S straw and SO high-S straw treatments, which did not differ significantly
from the non-flooded treatments.
High-S straw significantly increased grain yields above the no residue treatment only under nonflooded conditions whereas high-S ash increased yields under both flooded and non-flooded
conditions. Low-S straw and ash had similar effects, but not all differences were significant
Gypsum application at 6 kg S ha 1 increased grain yields in all but the low-S ash treatment under
flooded conditions. The addition of gypsum resulted in an increased S release from high-S straw
residue under non-flooded conditions as measured by plant uptake (Table 1), suggesting a priming
effect of gypsum on S release from residues. The treatment effects appeared to be additive with the
highest grain yield in the flooded Se high-S ash treatment.
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The percentage recovery of S in plants was higher in ash than in straw treated soil (Table 1) but
since S had been lost during burning, the absolute amount recovered (soil + plant) was higher in
straw than in ash treated soil. The 35S data indicate that if there is a critical S level for
mineralization of rice straw, this level is less than the 0.086% in the residues used in this
experiment
Table 1. Amount (mg pot-1) and percentage of S (%) applied in straw or ash residues that was taken
up by the plant
S fertiliser
Residues
Non-flooded
low-S
high-S
Flooded
low-S
high-S

So
Straw
mg
%

mg

%

0.9
1.4

0.6
2.8

17.1
42.2

0.6
1.2

SO
Straw
mg
%

mg

%

1.2
2.8

14.1
25.7

0.8
3.0

23.1
45.8

6.9
0.2
5.5
0.8
11.5
11.8
0.8
0.8
lsd (0.05) = 0.2 mg and 4.3%

9.7
7.1

0.4
1.1

11.8
16.4

10.8
12.7

Ash

Ash

Although the burning of rice straw resulted in a loss of S by volatilization in the burning process
the remaining S was readily available to the plant This short term gain must be balanced against
the S that is lost from the residue. If the S lost by burning is returned to the same area in rainfall,
then burning is advantageous to the S cycle. On the other hand, the second and subsequent crops
after burning may be adversely affected by the lower soil S content resulting from burning losses.
These results suggest that a greater long term benefit may be gained from the incorporation of straw
instead of ash, especially in flooded soils that become dry and fully oxidized between seasons.
Stevenson (3) reported that soil organic matter contained almost all of the soil's N, 20%-80% of its
P and most of the S in soil of humid regions.
These results support the contention of Ponnamperuma (4) that rice straw has a beneficial effect in
complementing fertiliser additions of N and as an important source of P and S for subsequent
dryland crops.
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Effect of Placement and Source of Sulfur in Flooded and
Non-Flooded Rice Cropping Systems
S.S.R. Samosir, Waree Chaitep, Rod D.B. Lefroy and Graeme J. Blair*,
Department of Agronomy and Soil Science, University of New England, Armidale,
N.S.W. 2351 Australia
Introduction. Many rice-growing areas in developing countries are becoming S deficient. Blair et
al. (1) found that the application of sulfur fertilisers increased rice grain yield on 18 of 28 soils with
a wide range of parent materials in South Sulawesi, Indonesia, and suggested that more information
was needed concerning transformations of sulfur under paddy conditions in the presence of growing
plants and on the residual value of different sulfur fertilisers.
Fertilisers in forms other than sulfate must undergo oxidation to sulfate before they are absorbed by
the plant roots. Both moisture and aeration affect the rate of oxidation of elemental S and these
factors are interrelated. Moser and Olson (4) found that sulfur oxidation rates were most rapid at a
moisture content of approximately field capacity. Bums (2) concluded that sulfur is oxidised
rapidly in the soil moisture range that is optimum for the growth of crop plants. Under waterlogged
conditions there is a sharp reduction in the abundance of aerobic microorganisms, thus, if anaerobic
conditions occur for a prolonged period, biological oxidation of sulfur is retarded (3).
Materials and Methods. Two glasshouse experiments were conducted to examine the effect of S
source and placement on fertiliser use efficiency. The first experiment was conducted to study the
effect of water regimes in successive crops (non-flooded:non-flooded, flooded:flooded and
flooded:non-flooded), surface (S) and deep (D) placement of sulfur fertiliser and S sources
(elemental S (E) and sulfate S (S)) on the growth of rice. A Aquic Haplustalf soil of granitic origin
was used and 35S-labelled sulfur fertilisers were used to investigate S uptake by plants and the
dynamics of S in soils.
A second glasshouse experiment was conducted where 35S labelled sulfate or elemental S was either
broadcast onto the surface soil soon after transplanting or incorporated in the 7-21 cm soil layers 30
days before transplanting. The soil used was the same as used in the first experiment. Two rice
varieties C4-63 and Pulu Bolong, which had high and low 0 2 diffusion rates from roots
respectively, were used in the study where plants were harvested at 42 days after transplanting (dat)
and at maturity.
Results and Discussion. In the water regime experiment total yields under flooded conditions
were ranked in order SS > SE > DS > DE > control. In the first crop, the highest 35S recovery in
the plant was 67.8% from the non-flooded SE, compared to 51.7% in the DE treatment. Deepplaced elemental S (DE) became more effective than SS and SE for the subsequent rice crop, both
in terms of plant dry-matter yield and fertiliser 35S content. The highest 35S recovery in the second
crop was 29.5% in the previous DE treatment in the flooded:non-flooded system. This compares
with 7.5% in the SS treatment in the same cropping system.
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Rhizosphere oxidation and root growth were factors contributing to the higher fertiliser S uptake at
42 dat in C4-63 than in Pulu Bolong in the second experiment. Filled grain yield was higher in C463 than Pulu Bolong. At 42 dat shoot yields and at maturity straw yields were highest in the
surface sulfate (SS) treatment. Uptake of S derived from the fertiliser relative to total S taken up
by the plant averaged over the two varieties was 82% in the SS, 52% in surface elemental (SE),
34% in deep sulfate (DS) and 8% in the deep elemental (DE) treatments. At maturity the values
were 51% (SE), 42% (SS), 30% (DS), and 5% (DE). The lower values for deep placement were
due to lower oxidation of elemental S and decreased root activity at depth. The combined effects of
lower oxidation of elemental S at depth and lack of root growth deep in the pot are contributing
factors.
At maturity, 34 to 74% of the fertiliser S was recovered in the soil sulfate and sulfide pools and in
the algae and surface water in the presence of plants and 20 to 34% in the pots without plants.
A balance sheet fertiliser S recovery is presented in Figure 1. This shows a higher plant uptake of
35 S on the surgace applied compared to the deep treatments and the lower amount of fertiliser S as
sulfide S when the fertiliser was surface applied. There was a considerable decline in the
proportion of the fertiliser S measured as organic -S in the soil between 42 dat and maturity.
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The data from these experiments indicates that surface application of S results in greater utilization
of fertiliser S and suggests that combined P/S fertiliser sources are likely to be more efficient than
N/S sources.
Literature Cited.
(1) Blair, G.J., Momuat, E.O., and Mamaril, C.P. (1979). The sulfur nutrition of rice. II. Effect of
source and rate of S on growth and yield under flooded conditions. Agrori. J. 71,447-80.
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Sulfur balance in a long-term field experiment withN fertilizers, organic
manures and continuous fallow
H. Kirchmann*. Swedish University of Agricultural Sciences, Department of Soil Sciences, Box
7014, 750 07 Uppsala, Sweden.
Introduction. The present experiment, running since 1956, provides an opportunity to test the
long-term influence of fertilization, manurial treatments and continuous fallow on changes of
different soil properties. The long-term experiment is characterized by equal additions of organic
manure on an ash-free organic matter. A compilation of the results for the period 1956 to 1991
(1) were used to construct a sulfur balance sheet and to investigate the different pathways of S
in the soikülant svstem.
Materials and Methods. The field experiment is located in central Sweden, Uppsala, on a clay
loam (36.5% clay, 41% silt (0.002-0.06 mm), 22.5 % sand (0.06-2 mm)) being classified as Typic
Eutrochrept (Soil Taxonomy) or Eutric Cambisol (FAO). In 1956 the soil had a C content of 1.5%,
N content of 0.17%, a S content of 0.022% and a pH of 6.6. The experiment consists of fourteen
treatments, laid out in a randomized block design with two by two rows. The individual plots, 2 by
2 m, were separated by pressure-treated wooden frames. All field work since 1956 has been
performed by hand (tillage, sowing, fertilization, organic matter addition and harvest). The
application of organic amendments, green manure (grass), farmyard manure (well decomposed),
sewage sludge (anaerobically digested), sawdust (coniferous) and peat (sphagnum) all being
analyzed before use, was based on equal amounts of ash-free organic matter amounting to 4000
kg ha"1 yr'. N fertilizers were applied at a rate of 80 kg ha"1 year'. Cereals and oil seed rape has
been cropped. At harvest the aboveground portion of the crop was completely removed, weighed,
analyzed and the nutrient removal was calculated. Total S concentrations in the top- and subsoil
were analyzed in regular intervals, bulk density values were determined in 1956,1975 and 1991 and
the net annual changes in total amounts of S in topsoil were calculated. Mean annual values for
dry and wet deposition of sulfur for this region amounted to 14 kg ha' (2). The yearly input of S
through superphosphate and seeds amounted to about 27 and 0.1 kg ha', respectively.
Results and Discussion. Table 1 shows the S balance for selected plots over the period 1956-1991.
The yearly input of sulfur through fertilizers and organic manures varied according to composition.
Most sulfur was added in the ammonium sulfate treatment (118 kg"') followed by sewage sludge
(94 kg ha'), whereas additions in the sawdust and peat treatment were 28 and 32 kg ha',
respectively. The yearly crop removal of sulfur ranged from 6 kg ha"' in the sawdust plot to 21 kg
ha"' in sewage sludge plot.
The main features of the balance are that there were very low leaching losses of sulfur from the
plot with calcium nitrate, 28.7 kg ha', and high leaching losses from the plot with ammonium
sulfate, 117.4 kg ha"' and sewage sludge treatment, 61.0 kg h a ' year'. Low sulfur losses in the
nitrate fertilizer plot may be explained by the formation of gypsum precipitating sulfate and
thereby reducing leaching losses. Apart from the calcium nitrate plot, the amounts of leached S
exceeded the quantities taken up by crops. A similar result was also found in a long-term lysimeter
study by Pfaff (3) showing that 130 kg S ha"' year' were leached and exceeding by far the amounts
taken up by the crop.
The decrease of soil sulfur was largest in the fallow and unfertilized plot indicating a the net
mineralization rate of sulfur of about 8 kg ha ' year'. The annual amount of sulfur coming from
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Table 1. Sulfur balance in nine selected plots of the Ultuna long-term soil organic matter
experiment over the period 1956-1991
kg S ha'1 year

Treatment
No N, no crop
NoN
Calcium nitrate
Ammonium sulfate
Green manure
Farmyard manure
Sewage sludge
Sawdust
Peat

Dry,
wet
depo- Seed
sition input
+ 14
+ 14
+ 14
+ 14
+ 14
+ 14
+ 14
+ 14
+ 14

+0.1
+0.1
+0.1
+0.1
+0.1
+0.1
+0.1
+0.1
+0.1

Manure,
fertilizer Crop
applicaretion moval
±27
±27
±27
+ 118
+38
+45
+85
+28
+32

±0
-8
-15
-17
-14
-12
-21
-6
-8

Net annual
change of
total soil S
-7.1
-8.3
-2.6
-2.3
-0.6
+6.0
+ 17.1
-3.1
+0.2

Net
annual
leaching
losses
-48.2
-41.4
-28.7
-117.4
-38.7
-41.1
-61.0
-39.2
-37.9

deposition, 14 kg ha"1, was completely leached in the fallow and unfertilized treatment and total
leaching losses amounting to 48.2 and 41.4 kg S ha ' yr"', respectively. Despite the large application
of 118 kg of sulfur in the ammonium sulfate plots, no accumulation was found in the soil. In plots
receiving slow decomposing and sulfur-rich organic manures, mean accumulation rates in soils of
6 kg for farmyard manure, 17.1 kg for sewage sludge and 0.2 kg ha' year"1 for peat were found,
whereas all other treatments showed a net decrease in total soil S.
Conclusions. Sulfur added through ammonium fertilizer and sewage sludge caused high leaching
losses, whereas calcium nitrate reduced losses significantly. Leaching of sulfur exceeded crop
uptake in all treatments. In treatments with sewage sludge, farmyard manure and peat an
accumulation of sulfur in soil was measured whereas soil S declined in treatments with green
manure, sawdust and inorganic N fertilization.
Literature Cited.
(1) Kirchmann, H., Persson, J. and Carlgren, K. 1994. The Ultuna long-term soil organic matter
experiment, 1956-1991. Swedish University of Agricultural Sciences, Department of Soil Sciences.
Reports and Dissertations (in press). Uppsala, Sweden.
(2) Yearbook of Environmental Statistics. 1993. Official Statistics of Sweden. Published by
Statistics Sweden, Stockholm.
(3) Pfaff, C. 1963. The leaching of calcium, magnesium, chloride and sulphate out of the soil
profile (h/simeter experiments). Z. Acker- u. Pflanzenbau 117:117-128.
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Physical Protection of Soil Organic Sulfur Studied by
Extraction and Fractionation of Soil Organic Matter
J0rgen Eriksen*1, Rod D.B. Lefroy2 and Graeme J. Blair2. 7 Danish Institute of
Plant and Soil Science, P.O. Box 23, DK-8830 Tjele, Denmark, 2 Department of
Agronomy and Soil Science, University of New England, Armidale, N.S.W. 2351,
Australia.
Introduction. The structure of soils is known to protect soil organic matter against breakdown.
Part of this protection results from the integrity of the aggregates reducing access to the organic
matter, and part is from more specific bonds which form large clay-polyvalent metal-organic matter
complexes. The bonds that link these units can be broken down by application of ultrasonic
energy. Some organic matter associated to clay size microaggregates contain high molecular
weight constituents, while organic matter not protected by clay may be of lower molecular weight
and can be characterised as a more decomposable fraction (1).
In agricultural systems were the inputs of sulfur from fertiliser and atmospheric deposition are low,
the release of S from organic forms are of great importance for the supply of sulfur to plants. The
aim of this work was to investigate the importance of clay-polyvalent metal-organic matter
complexes for different soil organic sulfur fractions.
Materials and Methods. Two Danish and six Australian soils, with differing mineral composition
and management histories, were incubated for 2, 4 and 8 weeks at 10 and 25°C. Carrier-free 35S
was added prior to incubation, so the incorporation into different organic S pools could be
followed.
The organic matter from these soils were extracted in 0.2 M acetylacetone (1:9 w/v) (2), either with
no dispersion or full dispersion with an ultrasonic probe (1800 J mL 1 ). Sephadex chromatographic
gels, with different nominal molecular weight exclusion limits, were used to separate the extracted
organic matter into 3 nominal molecular weight fractions: 700-5,000 Da, 5,000-100,000 Da and
>100,000 Da. The concentration of S, P, Fe and Al and the recovery of 35S were determined in the
acetylacetone extract and each molecular weight fraction.
Results and Discussion. For all soils it was found that full dispersion of the soils increased the
amount of extractable S by from 1.5-4.3 times (Table 1). However, the activity of 35S incorporated
into the organic matter did not increase to the same degree, indicating that the 35S had not been
incorporated into the more protected organic matter released by dispersion.
The two Warialda soils were from the same location, but had different organic matter contents due
to cultivation (Table 1). In the uncropped soil, with the higher organic matter, significantly greater
proportions of the total extractable S, P, Fe and Al were released by dispersion, compared to the
cropped soil.
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Table 1. Content of S and 35S in organic matter extracted with acetylacetone at full dispersion
(1800 J mL') and no dispersion, after 8 weeks incubation at 25° C

Jyndevad
Lundgaard
Uralla
Duri
Warialda-uncropped
Warialda-cropped

Total C%
1.5
1.4
0.8
1.0
1.3
0.7

ug S r 1 soil
nondispersed
dispersed
64.4
94.2
64.4
103.3
26.0
51.0
22.3
96.5
38.1
68.4
30.6
45.4

% of 35S added
nondispersed
dispersed
32.0
33.0
64.7
61.8
55.7
68.2
47.0
72.5
41.8
70.4
50.2
64.4

Organic matter extracted from fully dispersed soils had a major part of the sulfur in the >100,000
Da fraction, while without dispersion very little sulfur was found in this fraction. Incorporation of
35
S was generally highest in the 700-5,000 Da fraction, showing the rapid turnover of the smaller
organic matter fraction, thus suggesting its importance in short term sulfur cycling.
This study showed that physical protection of soil organic matter plays an important role in the
extractability of organic sulfur and that the fractions that are extracted without dispersion have
higher turnover rates. Therefore, differences between soils in their ability to supply sulfur to plants
may be caused, at least in part, by different degrees of physical protection against breakdown of
organic sulfur.

Literature Cited
(1) Elliott, E.T. (1986) Aggregate Structure and Carbon, Nitrogen, and Phosphorus in Native and
Cultivated Soils. Soil Sci.Soc.Am.J. 50, 627-633
(2) Keer, J.I., McLaren, R.G. and Swift, R.S. (1990) Acetylacetone Extraction of Soil Organic
Sulphur and Fractionation Using Gel Chromatography. Soil Biol. Biochem. 22, 97-104.
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Sulphur Sludge - on Oil and Pod Yield of Arachis
hypogea And on Sulphur Availability in Entisol
Honora. J. Francis* and Rani Perumal, Tamil Nadu Agricultural University,
Coimbatore - 641 003, Tamil Nadu, India.
Introduction. Sulphur content of Indian soils varies from 19 to 3836 ppm and its deficiency is
becoming widespread in Indian soils particularly in Tamil Nadu soils due to the adoption of high
yielding and fertilizer responsive varieties of crops, intensive cropping and use of S-free
fertilizer. Sulphur sludge - a waste (produced @ 50 to 75 t day') from the rayon factory at
Mettupalayam, Tamil Nadu, containing 50.4, per cent of S is thought of as a source of S in the
nutrition of oil seed crops. The present investigation was initiated to assess the S-fertilization on
oil and pod yield of Arachis hypogea and its impact on S availability in non-calcareous Entisol.
Materials and Methods. Field experimentations with groundnut var. Co. 1 were conducted on
non-calcareous red soil (Typic Ustorthent-medium in available S0 4 - S) of Agricultural Research
Station, Bhavanisagar, Tamil Nadu during 1991 and 1992. Two levels of organics (O and 12.5
t.ha"1 FYM) and four levels of S (0,30,60 & 90 kg ha ' as sulphur sludge) were the eight treatments
replicated four times. The experiments were laid out in factorial randomised block design. The
crop was grown up to maturity and the pod yield was recorded. Soils were analysed for available
S and kernels for oil.
Results and Discussion. Application of 30 kg S ha"' as sulphur sludge along with recommended
dose of N@ 18 kg, P W @ 36 kg and K20@ 54 kg ha-1 registered the highest pod yield of groundnut
(Table. 1) with 12.5 t.ha' of FYM. This could be due to better vegetative growth and translocation
of S to fruiting zone (1). The same treatment improved even the oil content of groundnut,
probably, the activity of the enzyme thiokinase involved in the conversion of acetyl Co-A
containing sulphur hydryl group to melony 1 Co-A during the synthesis as fatty acid could have
enhanced due to S fertilization as sludge.
Table. 1. Effect of sulphur as sulphur sludge on pod yield and oil of Peanut
S levels
kg ha-1 as
sulphur
sludge/FYM
levels (t ha -1)

Oil content (%)

Pod yield (q ha-1)
0

30

60

90

Mean

0

30

60

90

Mean

17.20

19.51

18.85

18.44

18.50

49.05

51.30

50.78

50.63

50.44

12.5

17.98

19.90

19.23

19.22

19.07

50.13

51.39

50.88

50.88

50.79

Mean

17.56

19.70

19.00

18.80

49.59

51.35

50.82

50.75
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CD (0.05)

CD (0.05)

FYM

0.20

0.20

S levels

0.29

0.28

SxFYM

0.41

0.39

The available CaCl2 -S (0.15%) decreased with advancement of crop growth (Table-2) showing
the crop uptake and increased with levels of S applied as sulphur sludge. The per cent increase
ranged from 12.0 at 30 kg S ha-1 to 32.8 at 90 kg S ha-1 over control (3).
Table 2. Available S 0 4 -S (0.15% CaCI, extracted S) in Entisol (ppm)
FYM t.ha-1/
S kg ha -1
(sulphur
sludge)

Flowering

Vegetative

Harvest

% increase
over control
mean of
stages

Mean

0

12.5

Mean

0

12.5

Mean

14.56

15.12

13.18

13.85

13.52

10.65

10.86

10.75

17.51

16.71

14.35

15.70

15.03

12.18

12.46

12.32

12.08

0

12.5

0

14.68

30

15.91

60

17.21

19.82

18.52

16.08

16.78

16.43

12.35

13.44

12.90

22.20

90

19.14

20.67

19.91

11.90

19.80

18.85

13.38

14.11

13.75

32.83

Mean

16.24

18.32

15.38

16.53

12.14

12.72

Initial: 14.5 ppm (Mean values ppm)
CD (0.05)
FYM

0.42

0.39

0.36

S levels

0.63

0.54

0.49

FYM

0.84

0.73

0.66

It is thus, obvious that S applied as sulphur sludge, a cheaper source of S was as efficient as that
of inorganic gypsum in improving the pod yield and oil content of groundnut besides enhancing
the S availability in soil. The study is therefore an eye opener for recycling the industrial waste
as a source of S for oil seed corps like groundnut.
Literature Cited
1. Kerle, B.C. (1982) Influence of P S fertilization and Rhizobium inoculation on yield, nutrient
uptake and oil of groundnut Ph.D Thesis submitted to MAU, Parbhani.
2. Misra, U.K., S.K.Sathu, R.Das and G.N.Mitra (1990) Effect of sulphur and lime on yield and
oil content of kharif groundnut grown in an Aeric-Haplagnept J.Indian Soc. Soil Sci. (38): 772774.
3. Ramanathan, S. & G. Ramanathan,(1985). Effect of sulphur application on availability of
nutrients at different stages of groundnut crop growth in two soils Proc. of the National seminar
on S in Agriculture p. 184.
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Sulfur Fertiliser Sources for Flooded and Non-Flooded Rice
and Pastures
Made Dana, Rod D.B. Lefroy and Graeme J. Blair*, Department of Agronomy
and Soil Science, University of New England, Armidale, N.S.W. 2351, Australia.
Introduction. Throughout the world, there has been a move from the use of ammonium sulfate
(21% N and 24% S) to urea (46% N and 0% S) and from single superphosphate (SSP) (9% P and
13% S) to triple superphosphate (TSP) (20% P and 1% S) (1). This reduction of fertiliser S input
and to the higher S offtake associated with higher yields, has led to an increase in the incidence of
sulfur deficiency (1,2). A series of glasshouse experiments were undertaken with rice and pastures
to examine the effectiveness of a range of S sources.
Materials and Methods. Two pot experiments (flooded and non-flooded Aquic Haplustalf soil)
were conducted with 1R-43 rice to evaluate S availability from a range of P-S, N-S and S sources.
The reverse dilution 35S technique was used to estimate fertiliser S uptake by the crops following
fertiliser application and a second crop grown on residual S.
The fertilisers evaluated were gypsum (G), elemental S (E), urea-S melt (US), sulfur coated ureas
(SCU), S coated TSP (HF), S-bentonite (SB) and three S coated TSP products in which the
adhesives were polyvinyl alcohol (PVA), slack wax (SW) and calcium lignosulphonate (LS).
A third pot experiment was conducted on the same S deficient Aquic Haplustalf soil to compare the
ability of gypsum (G) and S coated TSP, where the adhesives used were polyvinyl alcohol (PVA),
sodium lignosulfonate (LS), slack wax (SW) and a commercial product (HF), to supply S to a
ryegrass/white clover pasture over 14 repeated harvests over a 96 week period. The reverse dilution
35
S technique was also used to be able to calculate fertiliser S uptake.
Results and Discussion. In the flooded and non-flooded soil experiment the highest grain yields in
crop 1 were obtained with G, PVA, LS under flooded conditions and G, PVA, LS, SCU and E
under non-flooded conditions. Fertiliser S uptake was highest from G under flooded conditions and
uptake was higher in PVA and LS than E. Under non-flooded conditions fertiliser S uptake was
highest with G and PVA followed by LS and E.
Yield and fertiliser S uptake in the second crop was generally inversely related to that in crop 1.
The results have shown differences between TSP-S products due to the method of bonding of the S
coat to the TSP.
In the pasture experiment total yields were highest with G and PVA. Total fertiliser S recovery by
the pasture was 64.4 % for G and 52.3 % and 52.9 % for PVA and LS respectively. These amounts
were significantly higher than from SW or HF (Table 1).
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Table 1. The effect ofS source on the recovery of fertiliser S (%) in pastures at different harvest
times.
Treatment
4

PVA
SW
HF
LS

8

Harvest Time (weeks)
17
28

44

35.7 a*

17.8 b

6.0 c

2.9 c

62.4 a

8.8 b
3.9 c
4.1c
10.0 b

21.8 a
12.1c
12.7 c
22.0 a

14.6 b
17.6 a
17.8 a
14.7 a

7.0 b
9.9 a
10.1a
6.1b

52.3 b
43.5 c
44.7 c
52.9 b

Data followed by the same letter in the same column are not significantly different (P > 0J05) (Duncan's multiple range test).

The time course of fertiliser S release varied between products and shows that S source and
bonding method can affect S availability from S coated TSP products.
Chapman (3) reported that additives (wetting and diffusing agents) in commercial elemental S
sources inhibited oxidation of elemental S at high concentration but stimulated it at low
concentration. In this experiment the different adhesives clearly showed a different response,
particularly early after fertiliser application. PVA and LS, which are soluble in water, released
more S compared to SW and HF.
The performance of the S coated TSP products in this study is similar to their ability to supply S to
flooded and non-flooded rice (4). The results clearly show that adhesion method has a significant
effect on S release rate from the coat and indicates that this and S particle size, could be used to
manipulate S release rate to supply S to the pasture throughout the year.
These experiments have shown that the release rate of S from fertilisers can be manipulated to
increase fertiliser use efficiency. Knowledge of the soil supply/plant demand relationship and the
environmental conditions allows specific fertilisers to be tailored to specific agricultural situations.
Literature Cited.
(1) Blair, G.J. (1979) 'Sulfur in the Tropics.' (International Fertilizer Development Center: Muscle
Shoals, Alabama, USA).
(2) Blair, G.J. and Lefroy, R.D.B. (1987). Sulphur cycling in tropical soils and economic impact of
increasing use of S free fertilizers increased crop production and burning of crop residues. In
'Proceedings of the symposium on fertilizer sulphur requirements and sources in developing
countries of Asia and the Pacific', pp. 12-7. Bangkok, 26-30 Jan 1987. FADINAP., FAO., TSI.,
ACIAR.
(3) Chapman, S.J. (1989). Oxidation of micronized elemental sulphur in soil. Plant and Soil. 116,
69-76.
(4) Dana, M., Lefroy, R.D.B., and Blair, G.J. (1993) Sulfur fertiliser sources for flooded and nonflooded rice. Australian Journal of Soil Research, (submitted).
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Influence of Phosphogypsum on Bahiagrass
J. E. Rechcigl* and I. S. Alcordo. University of Florida, Ona Research and
Education Center Ona, FL 33865 USA
Introduction. Sulfur deficiency is believed to be one of the causes of reduced yields and quality
of bahiagrass grown on sandy soils in the southern United States. This is a result of the
increased use of high analysis fertilizers which are free of sulfur impurities. As a result, sulfur
deficiencies are becoming more pronounced throughout the world. When soils are low in sulfur,
forage yields, protein quality and digestibility may be reduced. A number of recent studies have
demonstrated bahiagrass yields and quality to be increased by the addition of sulfur, however
there is still a need to find an economical source of sulfur for ranchers to use.
Phosphogypsum (CaS04), a by product of phosphoric acid production is believed to be
a potential economical source of sulfur and calcium for forage production. There are over 150
million Mg/ha of phosphogypsum accumulating world-wide, most of which is stacked in piles
as waste material (1). If this material can be shown to be an economical source of sulfur and
calcium for bahiagrass it would save ranchers money as well as help to remove this waste
material from stacks.
This study was designed to evaluate the influence of various rates of phosphogypsum on
the yield, and quality of bahiagrass grown on sandy soils in Florida.
Material and Methods. Treatments were applied to an established Pensacola bahiagrass
(Paspalum notation) pasture at the Agricultural and Education Center, Ona Fl in July 1990.
Treatments consisted of 5 rates of phosphogypsum with and without dolomite or calcium
carbonate added to raise the pH of the material from 4.6 to 5.5. Phosphogypsum treatments
were 0, 0.2, 0.4 and 1.0 Mg/ha of phosphogypsum applied annually and 2.0 and 4.0 Mg/ha of
phosphogypsum applied at one time at the beginning of the study.
All plots also received 45 kg P/ha using triple superphosphate, 67.5 kg K/ha using KC1,
and 180 kg N/ha using ammonium nitrate in July of 1990, 1991 and 1992. Treatments were
replicated four times in a randomized block design. Field plots were located on a Myakka fine
sand (sandy, siliceous, hyperthermic ultic Haplaquods) soil. Plots were harvested every 30 days
and tissue samples collected for chemical analysis. Plant tissue samples were dried at 70° C for
7 days and ground to pass a 0.84 mm sieve. Crude protein was determined on tissue samples
by using the Kjeldahl procedure while sulfur was determined on a Leco SC 132 sulfur
determinator (2).
Soil samples were collected in Nov 1991 from the 0 to 15 cm depth of all plots. All soil
samples were air dried and crushed to pass a 2 mm sieve. Soil pH was determined on 1:2
soil/water slurries.
Statistical analysis consisted of analysis of variance and Fisher protected least significant
difference test for mean separation (3). All statistical inferences were made at the 0.05 level
of significance.
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Results and Discussion. Addition of phosphogypsum increased bahiagrass yields in 1990, 1991
and 1992. Yields averaged 5.5 and 7.0 Mg/ha for the 0 and 4.0 Mg phosphogypsum/ha
treatments, respectively. However addition of either dolomite or calcium carbonate to the
phosphogypsum treatments did not influence bahiagrass yields in all 3 years of the study. This
demonstrates that phosphogypsum addition, regardless of the acidity, will increase bahiagrass
yields. Yields were increased regardless of whether phosphogypsum was applied annually or
in a one time application at the beginning of the study. Sulfur addition did not increase
bahiagrass yields in 1990, 1991 or 1992. This suggests that the reason phosphogypsum increases
yields may be due to a combination of calcium being supplied with the sulfur for the plant or
that the sulfur form is sulfate which the plant is able to utilize as opposed to the sulfur treatment
where the sulfur was in the elemental form.
Phosphogypsum or sulfur addition did not increase IVOMD digestibility in 1990.
However there were trends showing a slight increase in IVOMD digestibility with the addition
of phosphogypsum.
Phosphogypsum or sulfur addition also did not affect the protein content of bahiagrass
tissue in 1990. This is contrary to the results of other investigators who have shown protein
content of bahiagrass to be increased by the addition of sulfur (4).
As one would expect addition of either phosphogypsum or sulfur did increase the sulfur
content of bahiagrass tissue. Bahiagrass tissue from the control plots averaged 0.13 percent
sulfur, which is in the deficiency range for bahiagrass forage. Bahiagrass sulfur content should
be over 0.20 percent. Calcium content of bahiagrass was also increased in bahiagrass receiving
phosphogypsum.
This study has demonstrated that phosphogypsum is a viable source of both calcium and
sulfur for bahiagrass production in Florida. In addition the study has shown that bahiagrass
yields can be increased by addition of phosphogypsum when there is a sulfur deficiency.
Literature Cited.
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D. L. Sparks (ed.) Advances in Agronomy. Vol. 49. p. 55-118. Academic Press, Inc., NY.
(2) McKenzie and Wallace. 1954. The Kjeldahl determination of N: A critical study of
digestion conditions - temperature, catalyst and oxidizing agent. Aust. J. Chem. 7:55-70.
(3) Steel, G. D. and Torrie, J. H. 1980. Principles and procedures of statistics: A biometrical
approach. McGraw-Hill, New York.
(4) Mitchell, C. C , Jr. and W. G. Blue. 1989. Bahiagrass response to sulfur on an Aerie
Haplaquod. Agron. J. 81:53-57.
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Mobilisation of Native and Recently-Labelled CarbonBonded Forms of Organic Sulphur in a Pasture Soil
A.Ghani. 1 , R.G. McLaren 2 and R.S. Swift3. lAgResearch, Ruakura Agi icultural
Centre, Private Bag 3123, Hamilton, New Zealand, department
of Soil
Science, PO Box 84, Lincoln University, Canterbury, New Zealand.
^C.S.l.R.O.
Division of Soils, PMB2 Glen Osmond, Adelaide, Australia.

Introduction. A substantial proportion of the total organic sulphur (S) in soils is present in
the C-bonded forms (C-S) and is a very important pool of mineralisable S. Incubation studies
conducted with pure C-S compounds (Fitzgerald et al., 1984) have shown over 60%
mineralisation within 48 hours of their addition to soils. However, the rate of mineralisation of
native C-S is considerably lower (Ghani et al., 1993). We have attempted to examine the rate
of S mineralisation of C-S in soils both from native and freshly incorporated pools by lal«lling
with 35 S. A method was developed to remove HI-reducible forms of S (HI-S) from the
organic S pool thus allowing examination of the mineralisation and transformation of the
remaining C-S forms of S.
Materials and Methods. Soil samples were incubated with carrier-free 35S in a closed
incubation system at 75% soil water holding capacity and 30 °C for 24 days. To encourage
incorporation of 35S mainly into the C-S pool, 1% glucose-C was added (Ghani et al., 1993).
After the incubation, HI-S in the soil was removed by boiling with 2M HC1 for 20 min (1:4;
soihHCl), followed by filtering on a Buchner funnel, washing twice with distilled water and
once with KH 2 P0 4 solution. The soil was then dried at 20 °C and sub-samples were analysed
to determine the amounts of 32S and 35S in various S pools. The bulk of the treated soil was
then "rehabilitate" with additions of Ca(OH)2, soil inoculum and nutrients, excluding SC)4-S.
Mineralisation of C-S can be controlled by providing easily metabolisable C, S and N in soil
(McGill and Cole 1981; Ghani et al., 1992). Therefore, to examine mineralisation and
transformation of C-S in the treated soil, sub-samples received following additions; 11) no
additions (control), (2) 1% glucose-C (3)1% glucose-C + SGyS (5 (ig g"1 soil) and (4) 1%
glucose-C + S0 4 -S (5 u.g g"1 soil) + NO3-N (20 u.g g"1 soil). The sub-samples were incubated
in a closed system at 30 °C and 75% soil moisture holding capacity. Three replicates of each
treatment were analysed for SO4-S, HI-S and total organic S after 4,7,14,28 and 40 days of
incubation. The C0 2 evolution was also determined in these samples as a measure of microbial
activity.
Results and Discussion. More than 99% of the native HI-S (32S) and 96% of the labelled HIS (35S) was removed by the 2M HC1 treatment. While this method successfully removed HI-S,
it was not completely specific because it also hydrolysed approximately 10% of the native C-S
and 40% of the recently-incorporated C-35S. The effect of soil treatment on microbial activity
was determined by measuring C0 2 evolution. A comparison of the respiration rat e between
original and rehabilitated soil (control) showed a 2-3 day lag period in re-establishing microbial
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activity in the rehabilitated soil. After the 4th day of incubation, microbial respiration in the
rehabilitated soil was similar to that in the original soil (40 |Xg C0 2 -C g"1 soil"1 day"1)- The
glucose-treated samples respired at significantly greater rates (8-10 fold) than the control.
The highest respiration rate of 284 (J.g C0 2 -C g"1 soil"1 day"1 was measured at the 14th day of
incubation for treatment 4 (added glucose +S0 4 + N0 3 ). After 14 days of incubation, effects
of glucose and other additives on microbial activity were reduced significantly. By the 40th day
of incubation there was no significant difference in the C0 2 evolution between the treatments.
On average, 2.5-4% of the native and 3-4% of the labelled (recently-formed) C-S was
mineralised to S0 4 -S during 40 days of incubation. Most of the mineralisation occurred in the
early stages, between 50-70% of the total SO4-S was released within 4 days of incubation.
Soil treated with glucose alone (treatment 2) mineralised lower amounts of SO4-S than the
control during the first 14 days but towards the end of experiment, when microbial activity
declined, there was a substantial increase in mineralisation. Additions of S0 4 and N0 3 to
glucose increased the mineralisation of C-S in the initial stages of the incubation but resulted in
some re-immobilisation of S in the later stages.
Approximately 2-4% native and 5-8.5% of the labelled C-S was transformed into HI-S during
the incubation. There were no significant differences in the amount of C-S transformed into
HI-S between treatments 1,2 and 3. However, treatment 4 resulted in a significantly higher
amounts of C-S transformation into HI-S; in this treatment approximately 8.5% of the total
C-35S was transformed to HI-S during 40 days of incubation. Most of the transformation took
place in the early stages of incubation. On average 4.5-8% of the native C-S and 7.5-12.5% of
the recently-formed C-S was transformed from this pool to either S0 4 -S or to the HI-S pool.
These results clearly demonstrate that the recently-formed C-S is more labile than the native
fraction. These differences in the amount of S mineralisation and transformation between
native and recently-formed C-S might have been greater if the fraction of C-S lost during the
HI-S removal was retained in the soil. The high activity of 35S in the C-S removed by the HC1
treatment suggests that this fraction was more highly labile than the C-S remaining in the soil.
An increase in the amount of both labelled and non-labelled HI-S observed in this study
confirms at least one step in the sulphur cycle, that is the transformation of C-S to HI-S. The
actual pathway of the transformation however, can not be confirmed from these studies since
the appearance of HI-S and S0 4 -S occurred simultaneously.
Literature Cited.
(1) Fitzgerald, J.W., Andrew, T.L and Swank, W.T. 1984. Availability of carbon-bonded
sulphur for mineralisation in forest soils. Can. J. Soil Sci. 14:839-843.
(2) Ghani, A., McLaren, R.G. and Swift, R.S. 1991. Sulphur mineralisation in some New
Zealand soils. Biol. Fertil. Soils 11:68-74.
(3) Ghani, A., McLaren, R.G. and Swift, R.S. 1992. Sulphur mineralisation and
transformations in soils as influenced by additions of carbon, nitrogen and sulphur. Soil
Biol. Biochem. 24:331-341.
(4) Ghani, A., McLaren, R.G. and Swift, R.S. 1993. The incorporation and transformation
of 35S in soil: Effects of soil conditioning and glucose or sulphate additions. Soil Biol.
Biochem. 25:327-335.
(5) McGUl, W.B. and Cole, C.V. 1981. Comparative aspects of cycling of organic C, N, S
and P through organic matter. Geoderma 26:267-286.
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Influence of Organics with N Based Nitrogen Fertilization
for Rice
K. Ilango, P.P. Ramaswami and T.S. Manickam. Department of Soil
Tamil Nadu Agricultural University, Coimbatore-641 003, India.

Science,

Introduction. The quantity of nitrogen used for rice is increasing year after year. However,
the efficiency of applied urea nitrogen seldom exceeds 30 to 40 per cent. Nitrogen is lost through
volatilization, leaching, denitrilication, weed removal, immobilization and fixation in soils. One
of the ways of increasing nitrogen use efficiency is to apply organic source of nitrogen.
Materials and Methods. Field experiments were conducted to study the nitrogen fertilization
of rice with and without green manure using '5N techniques with four levels of nitrogen (0,
40, 80 and 120 kg N/ha) and two levels of green manure (0 and 10 tonnes/ha) with rice C043
as the main crop and rice LR60 as the residual crop in the soil vertic ustropepts. Leachate was
collected at weekly intervals, ammonia volatilized was trapped in dilute sulphuric acid and soil
and plant samples were analysed for total nitrogen content. Nitrogen recovery per cent in main
and residue crops was worked out.
Results and Discussion. As the levels of nitrogen increased, the volatilization loss of nitrogen
also increased. At all levels of nitrogen volatilisation loss was greater with green manure
application at tillering stage. In general volatilization loss of N was higher in the initial stage
(Vlek and Craswell, 1981) and decreased at later stages. (Avnimelech and Laher, 1977).
Application of green manure reduced the leachate loss of N at all stages of crop growth. Leachate
loss of N was below 19.5 per cent.
Table. Influence of Green manure on yield and N balance (kg/ha)
Treatments
Green
Green
Green
Green

manure
manure
manure
manure

Green
Green
Green
Green

manure
manure
manure
manure

Grain

Main crop
Straw
N Gain

2825
4546
5075
5567

4333
5551
6521
7478

150
164
248
374

3431
3447
3462
3710

5437
5452
5488
5972

45
72
87
215

3002
4603
5231
5710

4705
5763
6634
7577

186
198
235
302

3546
3568
3580
3778

5503
5519
5521
5152

60
75
75
211

i

0
0
0
0

N

o

N

40

N

80

N

Grain

Residue crop
Straw
N Gain

120

lOt N o
lOt N o
lOt 8 0
lOt N
N

120
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At lower levels of nitrogen, green manure application had significant influence on the
N balance and at higher levels of nitrogen this influence was not observed in the main crop
as well as in the residual crop. Green manure application aided in biological N fixation by
undergoing biochemical transformation.
Green manure application significantly increased the total and available N content of the
soil. Nitrogen content and uptake of rice grain and straw and yield were enhanced due to increasing
levels of N and green manure application.
Both green manure and increasing levels of N applied to the main crop had influence
on the grain and straw yield. N content and uptake of residual crop.
Regarding the fate of N applied to main crop at 80 kg N/ha level the total volatile loss
of 15N was 2.62 kg/ha and 3.08 kg/ha due to without and with green manure respectively. The
total leachate loss was 6.85 kg N/ha and 5.53 kg N/ha due to without and with green manure
respectively. In the residual crop, the total 15N recovered was 3.0 kg and 3.16 kg/ha
due to without and with green manure respectively.
Literature Cited.
(1) Avnimelech, Y. and M. Laher. 1977. Ammonia volatilisation from soils: Equilibrium
considerations Soil Sci. Soc. Am. J. 41:1080-1084.
(2) Vlek, P.L.G and E.T. Craswell. 1979. Effect of nitrogen source and management on
ammonia volatilisation losses from flooded rice soil systems. Soil Sci. Soc. Am. J. 43:
352-358.
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1 5 N Investigations on the Nitrogen Mineralization Potentials
and A-Value of Different Soils
V. Koutev, E. Ikonomova and I. Uamyanova-Kirilova. Department
Agrochemistry
and Department of Mathematical
modelling, Institute of
Science and Agroecology, 1080 Sofia, Bulgaria

of
Soil

Introduction. A comparison is made between two methods of determining the available
soil nitrogen: the isotope method with 15jsj for determining the actually available soil
nitrogen — A-value — after Fried and Dean, 1952, and our modification of Stanford
and Smith's method, 1972 of determining the potentially mineralizable nitrogen — N 0 .
Our modification makes possible the estimation of the effect on nitrogen fertilizers on
the mineralization-immobilization processes and ANI (added nitrogen interaction),
Jenkinson, 1985.
Materials and Methods. The investigations wer e carried out through a laboratory
experiment, a pot experiment and a microfield one. The nitrogen mineralization potential
of the soils was determined by our modification of Stanford and Smith's method, 1972
which consist in the creation of different nitrogen levels (in this case 0, 33, 67, 100, 200,
400 and 600 mg N\1000 g of soil) with the help of 1 5 N labeled ammonium nitrate. No
initial washing of the soil was done as to make possible soil incubation with ammonium
nitrate, and during the first two weeks soil moisture was 80 % of full water capacity.
Throughout this period the fertilizer nitrogen was being incorporated into soil's nitrogen
cycle. Five Bulgarian soils were studied: 1. leached smolnitza, 2. grey-brown forest soil,
3. calcareous chernozem, 4. leached chernozem and 5. pseudopodzolic soil (4 treatments
on each soil: non-fertilized, fertilized with P140K120, fertilized with N200P140K120 and
fertilized with N200P140K120 + 40t farmyard manure (FYM) applied each alternative
year). The microfield experiment was carried out on the leached smolnitza and on the
grey-brown forest soil in the three fertilized treatments on each. The pot experiment was
carried out in 20 kg pots with the same soils and treatments. The experimental crops
were wheath and maize. Apart from this experiments the A-value was determined in the
laboratory experiment as well, the A-value in this case being the potentially mineralizable
nitrogen, and not the actually available soil nitrogen.
Results and Discussion. The soil incubation with the nitrogen fertilizer results in increasing
the nitrogen mineralization potential of the soils — N 0 . This is due to the acceleration
of mineralization processes in the soil under the influence of the nitrogen fertilizer and
the ANI thus obtained.
Table 1 shows that the average value of N 0 of the six levels (33-600 mgN) with nitrogen
fertilizer — Nav- — is higher than No of the soil with no nitrogen fertilization — N 0 .
In the soils having different fertilization history a strong effect of the nitrogen fertilizers
(and FYM in particular) on the nitrogen potential is observed — 15 — 100 % in
comparison with the no nitrogen fertilized, soil.
Soil incubation with 1 5 N labeled nitrogeji fertilizer makes possible the application of
Fried and Dean's method of determining the A-values of the available nitrogen. The
results obtained through this method are close to those obtained using our modification
of Stanford and Smith's method. This gives us grounds to recommend the use of our
modification of the method in the calculation of N 0 and the optimization of the model
in order to avoid the possible inaccuracies! of the mathematical model.
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Table 1. No and A-value in the laboratory experiment after our modification of
Stanford and Smith's method, 1972 mg N 1000 g of soil
Soil
Treatment
1. N 0
Nav2. PK
3. NPK
4. NPK + FYM

1
No A-value No
264
—
187
290
306 200
249
—
204
367
380 232
502
509 284

2
A-value
—
197
—
257
299

N0
141
166
197
306
330

3
A-value
—
153
—
336
309

No
160
167
206
255
319

4
A-value
—
157
—
293
356

5
No A-value
110
114
100
141
—
202
197
249
224

The comparative investigations conductea with the objective to determine the A-values
under different conditions — laboratory, pot and microfield experiments — and with
same treatments show that the potentially mineralizable nitrogen determined by both
methods is a quantity giving no idea of the available nitrogen during the growth period
of crops but showing clearly the changes in soil fertility.
Because of the great amount of soil used in the pot experiment (20 kg), the A-values do
not differ substantially from those obtained in the field experiment. The higher A-values
obtained in the experiment with maize, compared to those with wheat, enable us to
conclude that no A-value determination of available soil nitrogen for a given soil is
possible, as each obtained results holds good for the soil-crop pair only. (Table 2)
Table 2. Comparison of the A-values obtained in the laboratory, pot and microfield
experiments, mg N 1000 g of soil
Experiments

Pot

Laboratory

Microfiela
wheat maize
1
2

wheat
maize
Soil
1
2
1
2
1
2
Treatment
367
257
119
69
126
87
91
151
NPK
502
299
243
109
101
115
NPK + FYM
145
79
Interferences: Nitrogen mineralization potential (N 0 ) is the more reliable indication of
soil fertility and it does not depend on external influences, while the A-value of available
soil nitrogen is influenced by the specific crop and climatic factors, and it varies depending
on the degree of uptaking of the fertilizer nttrogen by plants.
Literature Cited.
(1) Stanford G., Smith S. J. - 1972, Soil Sei. Am. Proc. 36, 465-472
(2) Fried M., Dean L. A. - 1952, Soil Science 73, 263-271
(3) Jenkinson D. S. et al. - 1985, Journal of Soil Science 36, 425-444
.,.!
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Nitrogen Use Efficiency (15N) in Tomato
(Lycopersicon esculentum Mill.) as Influenced by
Surface and Drip Irrigation
A.M. Bafna*, S.Y. Daftardar, and P.V. Patel. Department
of
Agricultural Chemistry and Soil Science, N.M. College of Agriculture Gujarat
Agricultural University, Navsari-396 450, India
Introduction.
Nitrogen applied
through fertilizers
to soil
may
be lost
due to volatilization,
leaching,
denitrificat
ion
etc.,
its
utilization
by
a crop
is
tremendously
reduced
ultimately
resulting
in reduction
in crop yields.
The NÜE can be
increased
by manipulation
of agronomical
and cultural
practices
alongwith
regulation
of nitrification
rate
in soil
by use of nitrification
retarders. The neem (Azadirach ta indica
L.)
cake
can be used as
1986).
a nitrification retarders (Sahrawat,
Materials
and Methods. A field
experiment
was conducted
on summer
tomato
grown
on 'vertisols'
to know
the
effect
of
(i)
N urea
application
by band and fertigation and (ii)
irrigation
by
surface
and drip methods on the yield
and NUE by tomato
crop.
The
N
labelled
urea was applied
in a singie dose (blended with 20
per cent neem
cake),
in two splits (unblended at transplanting
and flowering.) and in three splits
(unblended
at
transplanting,
flowering
and
first picking of tomato fruits.). In addition
to
this
two fertigation
treatments
with
two and three
splits of N
application
through drip stream were tried.
Results and Discussion.
Fertigation gave 42 per cent higher
tomato fruit yieid over band placement. Other thing being
equal,
the
main
reason for increase
in yield of tomato is due to the
more efficient ut i 1 i zat i on (59.24 h) of applied N than in band
placement
(47.46 % , ) .
This
was possible due to the fact
that
more
of the applied N remained
in upper layer (0 - 22.5 cm) of
soil.
In band placement
, blending
of urea
with
neem cake improved
the
yield by 20 per
cent
in either
method
of irrigation
over
split
appl i cat ion
of
unblended urea.
This
was
due to the better
utilization
of applied
N by tomato
than under
split
N
application.
Simi larly
drip
irrigation improved the yield
by 41 per cent over
surface irrigation.
The reason for such increase
under
drip
irrigation
could be due
to
better
control
over
the
metric
potential
for
maintaining
it
in
the
desi rabl e range
than under
surface irrigation.
Similar
results were also reported by
Vilassar
Mar
(1986).
The recovery of applied N was 53.5
per cent for drip
and 41.5
per cent for furrow irrigation.
Fertigation recorded 59.2
per cent
recovery
as against
47.5 per cent
for band placement.
The applied
nitrogen
was
found
to
be
more
in
the
surface
(0 - 22.5
cm) layer
under drip irrigation while it was
found
to be more
in
subsurface (22.5
- 45.0 cm) layer
under furrow
irrigation at
the
end of the
experiment.
With
reference
to the
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point of application, the lateral movement of applied
N
to move towards the point
of water application (dripper}.
results were also reported by Miller
et_ a^. (1981}.

tended
Similar

Higher unaccountable
losses of applied N were
observed in
band
placement
(22.1
per cent} and they were least (9.0
per cent)
in
fertigation
treatment.
Such losses were higher under furrow
(28.6 per cent)
than drip (15.6 per cent)
irrigation
.
The neem
cake
blending reduced the unaccountable N losses
as compared
to
split application of unblended urea.
It was concluded that drip
method
NUE of applied urea as well
as yield
irrigation.
Among the treatments
highest
NUE.

of irrigation improved the
of tomato fruits over furrow
tried, fertigation gave
the
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R.J., R o l s t o n , D . E . , R a u s c h k o l b , R.S.
(1981).
Labiet ed
nitrogen
uptake
by
toma toes Agronomy J . , 73(2)
:
265-270.

(2)Sahrawat,

K.L. (1986).
Use of
N in n i t r i f i c a t i o n
inhibitor
s t u d i e s w i t h special
r e f e r e n c e to indigenous
materials,
National
workshop
on u s e of 15N t r a c e r s i n A g r i c u l t u r a l
R e s e a r c h h e l d at RCF, Bombay,
on 8 - 9 D e c e m b e r , 1 9 8 6 .

( 3 } V i l a s s a r d e Mar
(1986}.
Drip
H o r t i c u l t u r e . , 190 : 305-308.

irrigation

and
drip

Wolf,
D.W.
irrigated

tomatoes.

Acta

I

-

•

210

Fate of 15N-labeIled nitrogen as affected by the amount of
fertilizer applied to spring wheat
M. Esala. Agricultural Research Centre of Finland, FIN-31600 Jokioinen, Finland
Introduction. How much nitrogen fertilizer we can apply to a crop without major risks of
environmental pollution and what is the fate of the residual nitrogen from the applied fertilizer. To
answer these questions, a field experiment to study balance of nitrogen fertilizer applied to a crop
was done in Jokioinen, South-Western Finland, between 1990 and 1992.
Material and methods. l5N-labelled nitrogen fertilizer as NH4N03 and at ca. 10 atom %
enrichment was band placed in 2 x 2.5 m micro plots at 0, 45, 90, 135 or 180 kg N/ha. The
experiment was located on a sandy soil and the crop was spring wheat (cv. Satu).
The total N and 15N in the grain, straw and soil was determined by a Roboprep-CN analyser linked
to a VG Micromass 622 mass spectrometer. The inorganic N was extracted with 2 M KC1 and
determined by an autoanalyser. The inorganic N in the soil extracts was released and collected for
the mass spectrometric analysis by the microdiffusion technique. Soil microbial biomass N was
determined by the fumigation-extraction method followed by measurement of 15N enrichment.
Results. The balance of labelled nitrogen. The grain yield and recoveries of fertilizer nitrogen
in the crop and soil were as follows:
Fertilizer
application
kg/ha
0
45
90
135
180

Grain
tn/ha
1990
2220
2840
3350
3310
3290

yield
1991
3190
4460
4810
4240
5000

1992
990
1680
1770
1650
1920

Recovery, %
Crop (grain+straw) Soil (0-90 cm)
1990 1991 1992
1990 1991 1992

Unaccounted for
1990 1991 1992

66
62
50
44

5
11
8
12

74
72
69
67

58
42
29
28

29
27
42
44

32
29
31
33

45
60
59
66

-6
-1
0
0

-3
-2
12
6

In ample moisture, like in 1991, the per cent recovery was not affected by the amount of fertilizer
applied. However, in 1990 and 1992, when drought restricted growth and yield of the crops and
if overoptimal amounts of fertilizer were applied, the recovery of N was considerably lower. In
1991, the per cent recovery of fertilizer as residual nitrogen in the soil at harvest was independent
of the amount of fertilizer applied. In 1990 and 1992, higher recoveries were obtained in soil at
higher fertilizer applications. This was a consequence of the lower recoveries of fertilizer N in the
crop. At least 85 - 90 % of the residual nitrogen was found in the top 25 cm of the soil.
The losses of fertilizer N were 0 - 12 %. The main reason for the losses was a dry period at the
early growing season followed by rains after plant uptake of nitrogen and water had decreased by
senescence. In 1991, all the nitrogen applied was recovered in the soil-crop-system even though
the spring was rainy and cool.
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Even though the per cent recovery of fertilizer nitrogen in the crop and soil was independent of
the amount applied, the absolute amount of fertilizer nitrogen in the soil was higher with the higher
amounts of fertilizer added. Particularly, in the dry conditions of 1990 and 1992 large amounts of
residual nitrogen were found in soil when overoptimal amounts of fertilizer was applied. In 1991,
the amount of unlabelled N removed by the crop was larger, than the amount of residual fertilizer
N. Also in 1990 and 1992, the lower application rates resulted higher uptake of unlabelled N than
residual labelled nitrogen left in the soil. In these years, the higher application rates resulted higher
amount of residual fertilizer N than was uptake of unlabelled N. The uptake of unlabelled N was
affected by fertilizer application showing some negative added nitrogen interaction (ANI):
Fertilizer
application
kg/ha
0
45
90
135
180

Uptake of unlabelled N by the crop
kg/ha
1990
1991
1992
81
60
29
52
99
35
54
91
26
44
24
70
46
80
22

Residual labelled nitrogen in soil
0 - 90 cm, at harvest kg/ha
1990 1991 1992
13
25
56
79

14
27
42
59

20
54
79
119

Inorganic N and microbial biomass N. In the dry conditions of 1990 and 1992, large amounts
of labelled N were recovered as inorganic N in the soil, especially when overoptimal rates of
nitrogen, 135 and 180 kg/ha, were applied. Also in 1991, the amount of residual labelled inorganic
N was larger with the largest rate of N applied. In all of the years 1-5 kg/ha of labelled N was
recovered in the microbial biomass.
Fertilizer
application
kg/ha
0
45
90
135
180

Inorganic nitrogen in () - 25 cm of s<oil at harv(:st, kg/ha
Total inorganic N
Labelled inorganic N Labelled % of tc
1990 1991 1992
1990 1991 1992
1990 1991 1992
9
12
11
1
1
3
12
8
18
5
4 17
14
19
8
31
5
1
22
7 45
10
63
23
2
41
46
48 19 65
47
8
20
71
47
56 41 65
83

Recovery of residual nitrogen. About 4 % of the fertilizer N applied in 1990 was recovered in
the first residual year and less than 1 % of that in the second residual year. From 1991 's
application the recovery fertilizer N in the first residual year was less than 1 %. When large
proportions of the residual N was in inorganic form at harvest, a large part of this N was lost from
top soil during the first year. Otherwise the losses of residual N were neglible.
Conclusions. The more nitrogen fertilizer we apply the more residual nitrogen we leave in the soil
at harvest. In dry conditions, a large proportion of this residual nitrogen may be in inorganic form
and may be leached during the autumn rains. In more humid conditions the residual nitrogen tends
to be organically bound. The fate and future risks for environmental pollution of this residual
nitrogen should be more thoroughly investigated.
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NITROGEN AND CARBON TRANSFORMATIONS
DURING THE DECOMPOSITION OF SUNFLOWER
STALKS USING 1 5 N
O. Kostov
Agroecology,

and N. Kaloianova.
Institute
of Soil
7 Shosse Bankya, 1080 Sofia, Bulgaria.

Science

and

Introduction. Drailand conditions are the main limiting factor of Bulgarian
agriculture. The research needs in semiarid regions (1, 2) include determination of
the effect of different kinds of plant residues on soil microbial charactristics with
respect to N cycle. Our aims were (i) to determine the transformations of N using
l^N added with sunflower stalks and (ii) to follow the decomposition of sunflower
stalks using a CC^-production assay.
Materials and Methods. The experiment was carried out in laboratiory and
glasshouse conditions. The soil (calcareous chernozem) has the following
characteristics: Total C-l.43%; Total N- 0.12%; pH ( H 2 0 ) - 6.6; CaC0 3 - 3%. The
( N H ^ S C ^ with 51.2% atom excess was added into soil in a dose of 200 mg N
per 1 kg soil. The KH2PO4 was added in dose of 400 mg P per 1 kg soil in all
treatments. The sunflowers stalks( Total C- 44.9%; Total N- 0.277%; C/N =
100:1) were grinded and added in two doses: 1 g (C^) and 10 g (C2) per 1 kg
soil. The soil was put into 1 kg plastic boxes, moistured (65% WHC) and
incubated for 6 months at 28°C. Then, the plastic boxes were moved into a
glasshouse after incubation, planted with maize and vegetated up to the earing
stage. During the incubation period, the following were determined ( in dynamics
on the 3, 7, 28, 49, 90, 150 and 180th days): LAmmonium and nitrate N; 2. C 0 2 production (titrometrically); 3. Biomass C by substrate induced and fumigation
methods. After the vegetation the soil and plant biomass were analysed for total
N by Kjeldahl,s procedure. The % l^N atom excess was determined using a NOI3 analyzer. The following scheme was used: 1. Soil + P; 2. Soil + PN; 3. Soil +
PCj; 4. Soil + PNCj; 5. Soil + P C ^ 6. Soil + PNC^. Three replicates were used
with an exception of the 15J«J analyses where two replicates were used.
Results and Discution. This soil has a good nitrification ability and on the 14th
day the values over 100 mg N-NO3
per 1 kg soil in all treatments were
determined. After the 14the day a strong reduction of N-NO3 in the C2 treatment
was established. The highest values of Biomass C (70 mg Biomass C per 100 g
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soil) in the C 2 treatments were detected on the 3th day, followed by strong a
reduction within the 150 day.
The total amount of C-C0 2 released was about: 130-138 mg in P and PN; 200260 mg in PCX PNCX and 500-700 mg in PC2 and PNC2 treatments. The carbon
remaining in the soil in PCj and PNCj was 85-70% and for PC2 and PNC2 was
91-87% respectively. The optimum conditions for decomposition of sunflower stalks
were established in the PCjN treatment. The yield of plant biomass was
significantly reduced even after a 6 month incubation period in the treatments
with no application of mineral N. The N in plant biomass follows the patera of
the yield- the lowest value was established in the C2 treatment. The N derived
from the fertilizer was 53.9, 51.9 and 37.4 %. The N use efficiency was 69.7, 61.3
and 34.2 %. The recovery of N was 91.1, 68.6 and 43.4 %. The lost of N was 8.8,
31.4 and 56.6 %. All figures calculated using 1 5 N were at PN, PCj, PC^N
treatments respectively (Table 1).
The six- month- decompositon period of sunflower stalks without application of
mineral N was insuficient to overcome the negative effect on the yield of the test
crop. The application of the sunflower stalks with mineral N at a dose 1 g per 1
kg soil corresponding to 3000 kg per ha can provide a maximum decomposition
rate. The study shows that usually, the immobilization rate of nitrogen is
overestimated but the duration of immobilization is underestimated. A large
amount of N can be lost, if it is applied together with a large amount of
sunflower stalks corresponding to 30000 kg per ha. The decompositon of sunflower
stalks in this soil is slower as compared to wheat straw (1).
Literature Cited. (1). Kostov, O. 1990. Decomposition of plant residues having
different nitrogen content and their effect on the maize phytomass. Soil Science
and Agrochemistry, 25:24-30. (2). Lynch, J. M. 1983. Soil Biotechnology, Blackswell
Scientific Publications. (3). Smith, J. and Elliott, L. 1990. Tillage and residue
management effects on soil organic matter dynamics in semiarid regions. In
Advances in Soil Science 13:69-8.
Table 1. Distribution of labelled nitrogen
Treatments
Ndff
Ndfs
N utili
zation
%
%
%
53.9
PN
46.1
69.7
PC^N
51.9
48.1
61.3
62.6
34.2
37.4
pqN
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N
recovery
%
91.1
68.6
43.4

N
lost
%
8.8
31.4
56.6

Assessment of Nitrogen Fertilizers in Cereal Crops With
Isotopic Dilution Method
I. Pino*, M. Buneder and A. Peyrelongue. Chilean Nuclear Energy
P. O. Box 188 D, Santiago, Chile.

Comission

INTRODUCTION. During the last few years research on annual crops has focused on the
obtention of new highly productive varieties; its potential, however, is still unknown regarding
the use of nitrogen fertilizers which have been applied. Therefore, the goal of this research work
was to assess the behavior of various nitrogen sources (1) on a wheat, oat, and barley system
which is commonly used in the country, on a Typic Dystrandepts soil belonging to the Andisol
Order.
MATERIAL AND METHOD. The percentage of N from fertilizers as well as that from the
soil were established for the plant. Ammonium sulphate 15N (SA) 10% at. exc. was applied as
standard fertilizer and urea (U), sodium nitrate (SS), and ammonium nitrate (AN) were used as
non-labelled sources. Crops assessed were the following: Wheat cv. Laurel (Triticum aestivum);
Oat cv. Nehuén (Avena sativa) and Barley cv. Granifén (Hordeum vulgare). Total N was
determined by Kjeldahl method and 15N by Emission Spectrometry.
RESULTS AND DISCUSSION. Table 1 shows both agronomic and isotopic parameters for
each crop and fertilizer under assessment.
WHEAT. This crop shows a higher absorption of total N when treated with U, thus the Ndffu
accounts for 63.2% of the total N absorbed, which renders an efficiency equal to 71.8% with
this source (Table 1). Contrarwise, with nitric nitrogen sources both total N absorption and
Ndffu showed a decrease (Figures 1,2). In relation to the N in the plant derived from the
fertilizers, this was concentrated mainly in the grain, thus some 24 to 27% of Ndffu remains in
the straw. This crop showed a better urea behavior thus reaching an agronomic efficiency of
1:5.6 for SS and 1:3.1 for AN.
OAT. A total N absorption higher for SS is seen, followed by U and AN. It should be pointed
out, however, that N absorption from fertilizers was quite lower for this cultivation, reaching
an approximately 23 % efficiency when using U and proved to be less extractive as to total N as
compared to wheat (Table 1). Thus, oats cultivations seem to be able to use N mainly from soil
(Figure 2), greatly due to a better developed root system, both side and bottom wise. For wheat,
nitric sources could have been subject to leaching processes, thus preventing a higher N
absorption by the plant. Plant Ndffu values (Figure 1) are lower than those seen in wheat,
particulary when treated with AN. It should be mentioned, however, that most N in the plant
derived from fertilizers is found to be present in the grain (Figure 3), thus reaching an 81%
value when applying U or SS. The above shows an appropriate translocation of N towards the
grain, coming from the fertilizer applied. The efficiency of the three fertilizers was low, not over
23%, thus showing the feasibility of using the fertilizers in a more efficient manner by
decreasing application rates in this crop. The best behavior was seen with U, having an
agronomic efficiency of 1:1.4 for SS and 1:3.2 for AN.
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BARLEY. %Ndffu (Figure 1) proved to be similar for U and AN, and slightly higher for SS
Ndfs values were found to be between 65 and 74%. Total N absorbed was lower than that seen
for wheat and oat, likewise, N in the plant derived from fertilizers was not higher than 26%
(Figure 2). Like in the previous crops, an adequate Ndffu translocation towards the grain was
seen (Figure 3). The highest efficiency was 37% (Table 1) when applying SS; said values are
lower than those for wheat and the agronomic efficiency was 1:1.6 for U and 1:1.5 for AN.
CONCLUSIONS. Although is true that the highest efficiency is reached with urea in wheat and
oats, this fertilizer causes the soil to acidify in time, such situation in turn may affect barley,
which shows a higher efficiency with SS. The use of isotopic techniques (15N) allowed for an
adequate assessment of nitrogen fertilizers in these three crops by quantifying both Ndffu and
Ndfs. Thus, differences in the efficiency of each one of them were seen. Wheat, proved to have
the highest efficiencies, particulary with urea. Finally, it should be noted that all three cereals
were efficient as to grain production per kg of absorbed N from fertilizers, thus showing that
the varieties used are promising from a sustaining agriculture and cost-efficient use of nitrogen
stand point.
REFERENCES.
(1) Bowen, G.D. and Zapata, F. 1991. Efficiency in uptake and use of nitrogen by plants. In:
Stable isotopes in plant nutrition soil fertility and enviromental studies. IAEA. Vienna 1991.

TabW 1. Agronomic and laotooic Paramotor*.
Crop

Oat

Bar lay

N Fort.

N yiaM
[kg/ha>

Ndffu
(kg/ha)

Ndfa
(kg*.)

FUE
(%)

Equiv
(kg/kg)

u
SS

170.3
144.1
164.0
107.6
118.4
106.1
63.8
74.2
64.2

107.7
67.9
67.6
34.3
29.1
13.4
16.6
26.1
16.9

62.6
76.2
86.4
73.3
89.3
91.7
47.2
48.1
47.3

71.8
46.2
46.1
22.9
19.4
8.9
23.7
37.2
24.1

1.0
6.6
3.1
1.0
1.4
3.2
1.6
1.0
1.6

NA
U
SS
NA
U
SS
NA
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Quantification of N Use Efficiency of NH4-N and NO3N Fraction of NH4NO3 in Wheat Using 15N Tracer
Technique
S. Kundu, Muneshwar Singh, and P.N. Takkar. Indian Institute of Soil
Sciences (ICAR) Z-6, Zone-I, M.P. Nagar, Bhopal 462011, India
Introduction. Both NH4-N and NO3-N contribute to plant nutrition
but little is known about the N use efficiency of each fraction in
presence of the other fraction particularly in Vertic ustochrepts
with higher pH values. Therefore, the present study was carried out
to study the relative N use efficiency of NH4-N and NO3-N fraction
of NH4NO3 fertiliser using wheat as a test crop.
Materials and Methods. A pot culture experiment was laid out on a
Vertic ustochrept (pH-8,1, Org. C.-0.46X, clay-46.0X, CaC03-2.12X,
total N-903.4 mg Kg
soil) in CRD with 8 replications using
polyethylene pots containing 5 kg processed soil. Wheat seedling 9
3 plants pot
weregrown till maturity. Four levels of N viz. 0,
40, 80 and 120 mg Kg
soil were applied to the soil in the form of
NH4NO3 solution before sowing of the crop. Out of 8 pots for each
treatment, 4 pots received NH4NO3 with NH4-N portion tagged with
N at the rate of 5* atom excess, while remaining 4 pots received
NH4NO3 with NO3-N portion tagged with
N at the same rate. After
harvest, plant and soil samples were analysed for total N and
N
enrichment by micro-Kjeldahl(2) and Emission Spectrophotometry (1).
Results and Discussion. The grain yield of wheat increased by 35.8,
80.0 and 107.1* over check (Table 1) with application of N at the
rate of 40, 80 and 120 mg Kg
soil, respectively. At each applied
N level, the X Ndff (NO3) value in grain was markedly higher than X
Ndff (NH4) and similar trend was also observed in straw. The uptake
of fertilizer N from NH4-N and NO3-N fractions increased from 36.8
to 77.3 mg pot
and 48.9 to 98.6 mg pot , respectively, as the _N
level applied in the form of NH4NO3 increased from 40 to 120 mgKg
soil. The results further indicated that 68.4 to 72.2 X and 65.6 to
66.3X of the N taken up by the crop from NO3-N and NH4-N fractions
cf the fertilizer, respectively, were translocated to the grain.
The average ratio of NO3-N/NH4-N in plant, derived from the
respective portion of the fertilizer, was 1.27 in contrast to the
ratio 1.00 in the applied fertilizer, indicating preferential
absorption of NO3-N by wheat in spite of higher pH of the soil and
numerically the absorption of N from NO3-N portion was 27.OX higher
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than that of NH4-N portion. The N use efficiency of NH4-N and NO3-N
portion of NH4NO3 at N level 40 mg Kg
soil was 36.8 and 48.9*,
respectively,
and the values decreased to 25.8 and
32.9*,
respectively, as N level was increased from 40 to 120 mg Kg
soil
(Table 1). The average N use efficiency of applied NH4-N portion,
NO3-N portion and NH 4 N0 3 as a whole, were 29.4, 37.2 and 33.3*,
respectively. The N balance sheet prepared at each N level
indicated that 20.7 to 24.7* of the applied NH4-N, and 5.9 to 13.2*
of the applied NO3-N were unaccounted. The higher proportion of
unaccounted N from NH4-N fraction of the fertilizer could be
attributed to the volatilization loss of ammonical N due to higher
pH of the soil. Thus it could be concluded that in presence of both
NH4-N and NO3-N in equivalent amounts in soil, N is preferentially
absorbed by the wheat even at higher pH of the soil, resulting in
higher use efficiency of applied NO3-N and therefore substitution
of part of the ammonical N by nitrate N could be a good proposition
to reduce the volatilization loss of NH4-N in high pH soils.
Table

1. Yield and other parameters for estimating utilization
efficiency of NH4-N and N03-N from NH 4 N0 3 in wheat

Parameter

Yield (g pot" 1 )
Total N uptake
(mg N pot )
* Ndff(NH4)
* Ndff(N03)
Uti1ization
efficiency (*)

Unaccounted N*

N levels (mg N Kg
soi 1)
0
40
80
a.
b.
a.
b.
a.
b.
a.
b.

Grain
Straw
Grain
Straw
Grain
Straw
Grain
Straw

a.
b.
c.
a.
b.

NH4-N
NO3-N
NH4N03-N
N03-N
NH4-N

3.,7
8,,4
84,,0
38,,3
-

120

5.0
12.6
117.8
72.2
20.7
17.2
28.4
21 .4

6.6
18.2
160.1
93.6
25.8
22.4
32.8
24.5

7.6
20.8
192.9
108.4
26.4
24.6
36.9
25.3

36.8
48.9
42.9
5.9
20.7

31 .2
37.7
34.5
8.2
22.8

25.8
32.9
29.4
13.2
24.7

Literature Cited.
1. Fiedler R and Proksch G (1975) The determination of nitrogen-15
by emission and mass spectrometry in biochemical analysis : a
review. Anal. Chem. Acta., 78:1-62.
2. Jackson M L (1973) Soil Chemical Analysis, Prentice Hall. New
Delhi, India.
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Estimation of Dinitrogen Fixation by Large Perennial
Plant Species Using Isotopic Dilution
D.D. Baker*1, M. Fried2, J.A. ParrottaJ. 'Panlabs, Inc., Bothell, WA, National
Research Council, Board on Science & Technology for International Development,
Washington, D.C., international Institute of Tropical Forestry, U.S.D.A. Forest
Service, Rio Piedras, PR.
The estimation of symbiotic dinitrogen fixation associated with large perennial plant species,
especially trees, poses special problems because the process must be followed over a potentially
long period of time to integrate the total amount of fixation. Estimations of both the proportion
of nitrogen derived from atmosphere (pNdfa) and the total amount of nitrogen derived from
atmosphere (tNdfa) of large woody perennial species are theoretically possible using 15N isotopic
dilution methodology if certain precautions are taken in experimental design. Firstly, qualitative
estimates of nitrogen fixation generally require a concurrent study of biomass accumulation and
tissue nitrogen content. Secondly, under most circumstances fertilizer application should be
made to a soil area which is enclosed by a plastic film barrier or to a soil area which is
sufficiently large to cover the majority of the tree's root distribution. Thirdly, methods must
be applied to address the problem of nitrogen recycling by both the fixing and non-fixing
species. Fourthly, the fixing and non-fixing species must be grown in close proximity to each
other so that both experience the same changes in soil environment over time. If these criteria
can be achieved, valid estimates of nitrogen fixation will be possible, and a better understanding
of the contribution of fixed nitrogen by large woody perennial species to natural and managed
ecosystems will be achieved.
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Nuclear Techniques to Improve Dryland Crop Production
in Salt-affected Soils of Bangladesh
S.M. Rahman* and m.I. Khalil. Bangladesh Institute of Nuclear Agriculture,
P.O. Box-4, Mymensingh 2200, Bangladesh
Introduction. In Bangladesh, out of 2.85 million hectares of the coastal and off-shore areas,
about 0.833 million hectares of the arable lands are affected by different degrees of salinity
(Karim et al., 1990). Rice is the dominant crop grown in the wet season (June-October) because of
dilution of salinity with monsoon rains and removal of excess salts from the root zone. Adequate
soil and water management practices are essentially required to grow crops in the post
monsoonseason (November-May) under the adverse condition of soil salinity (Singh and Singh, 1986;
Anon., 1990). The present research work was carried out under Joint FAO/1AEA Division's coordinated programme on " Nuclear techniques to improve crop production in salt-affected soils" to
evaluate yield res-ponse and water relations, nitrogen utilization by wheat and lentil, and
biological nitrogen fixation (BNF) by lentil as influenced by irrigation and fertilizer
applications.
Materials and Methods. Field experiments with wheat and lentil were carried out consecutively for
four years during 1988-89,1989-90,1990-91 and 1991-92 at the Bangladesh Water Development Baard
experimental farm at Benerpota, Satkhira - a coastal saline area of Bangladesh The soils are
mostly clayey with salinity level varying between 2.06 and 6.01 dSm during dry season (NovemberMay) which decreases to less than 1 dSm " during wet season (June-October) due to flooding of
land with monsoon rain. The RCBD experiments included two irrigation and two fertilizer treatments
arranged in 2 X 2 factorial combinations having four replications each. The irrigation treatments
were : I j - no irrigation and Ij - two irrigatians of 5 cm each applied once at 4 weeks and again
at 8 weeks after planting. The fertilizer treatments were : F, - no fertilizer and Fj-40 and 10 kg
N ha i for wheat and lentil, respectively, and 35 kg P and 50 kg K per hectare for both the crops.
The high yielding wheat seeds (cv. Kanchan) and Rhizobium inoculated lentil seeds (cv L-5) were
used in the study. The plot size was 5m X 5m out of which 1 m X 1 m was separated by galvanised iron
sheets for the application of N isotope.N isotope having 2.5 and 10 per cent atom excess were
used in the isotope sub-plots of wheat and lentil respectively, the position of which was changed
every year. Changes in soil water content were monitored during the growing period using neutron
moisture meter (CPN Hydroprobe Model 503). These data was used to compute soil water storage and
soil water depletion (SWD). Total water expense (TWE) and water expense efficiency (WEE) were also
computed using SWD, rainfall and grain yield data. Plant samples (grain and straw) were collected
from the isotope sub-plots of both wheat and lentil inmediately after harvest for total N and N
analyses. Fertilizer N uptake, per cent nitrogen derived from fertilizer (%Ndff), nitrogen
utilization by wheat and lentil, and biological nitrogen fixation (BNF) by lentil were computed
using N 3 data. All the experimental data were subjected to standard statistical analyses.
Results and discussion.
Results of the four year experiments on wheat and lentil showed that yield of wheat increased by
28 per cent with irrigation alone and by 35 per cent by fertilizer application. Combined
application of irrigation and fertilizer increased the yield by 80 per cent N
isotope-aided
studies indicated that uptake of fertilizer N, Ndff and N utilization by both wheat and lentil
were, in general, considerably lower. The use of Rhizobium inoculum contributed significantly to
the fixation of atmospheric N by lentil which ranged from 33.5-45.5 kg ha in different growing
seasons. N fixed from atmosphere Aconstituted about 80-90% of total N uptake by lentil.
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Soil water depletion did not vary significantly among the treatments in any of the cropping
seasons. It was, however, lower in the last two years because of considerable rainfall in the growing seasons Water use efficiency of wheat increased considerably with the application of
fertilizer under both irrigated and non-irrigated conditions. Water use efficiency in lentil was
more under non-irrigated condition. Comparison of soil analytical data showed no significant
change in soil properties due to irrigation and fertilizer application. The soil EC values
remained at minimum during the wet monsoon season which again increased with time in the dry
season. Although there is not much change in the soil properties, continuous cropping showed
increased total and fertilizer N uptake, %Ndff and %N utilization by both the test crops with
considerable yield increase.
Growing of winter crops in the salt-affected soils is a difficult task. The surface soil upto 8-10
cm dries up quickly immediately after the harvest of transplanted rice and becomes too hard, while
soil below this depth remains quite saturated. Land preparation for winter crops is very
laborious, time consuming and expensive. Nuclear techniques such as the use of N-15 isotope for
studying N utilization, and the use of neutron moisture meter to study water relations helped to
conclude that winter crop production in salt-affected soils is still posible with timely planting
of salt-tolerant crog cultivars of wheat and lentil, and appropriate soil management practices
including irrigation and fertilizer applications.
Literature Cited.
(1) Anonymous, 1990. Saline Agriculture. Salt tolerant plants for developing countries National
Academy Press, Washington DC:148p.
(2) Karim, Z.S.G Hussain and M.Ahmed, 1990 Salinity problems and crop intensification in the
coastal regions of Bangladesh. BARC Soils Publication No. 32 : 63p.
(3) Singh, N. B. and Mahatim Singh, 1986. Effect of fly ash application on saline soil and on
yield components, yield and uptake of -NPK of rice and wheat at varying fertility levels.
Annals agric. Research 7: 245-247.
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Surface irrigation Water Use Efficiency Study by
Nuclear Techniques
Teresa Lopez*, Elisa Zamora*, R. Rey*, E. Dehoguez*, A. Gonzalez**, M.
Felipe*. Institute of Researches on Irrigation and Drainage. Havana*, Cuba.
National Enterprise of Agricultural Projects. Havana, Cuba.
Introduction.The use of neutron probes to determine soil water content has
many advantages with respect to the other traditional methods. These
advantages include: rapid, accurate, nondestructive measurements, measurement
of soil humidity in a large volume of soil and on a volume basis. Nevertheless
to the practical use of neutron meter, a field calibration must be done, due
to the influence of some factors as soil bulk density and soil chemical
composition (1).
In general the efficiency of water application in the surface irrigation is
determined from theoretical determinations of stored water content on the
rooting zone based on the water infiltration and advance curves determined in
the field. This method offer as a rapid information but only it's recommended
if the neccesary equipment to do the wetness determinations hasn't(2).
Determine directly the water contents until rooting zone is more exactly, but
it requires more time and available equipment. The use of neutron probe to
these purposes give more rapidity and accuratness in the results(3).
M a t e r i a l s and Methods.The study was carry out at the Experimental Station
of the Research Institute on Irrigation and Dreinage, in Alquizar, Province
Havana. The soil is a compact red ferralitic (Eutric Ferrasols.FAO UNESCO).
The soil water content before and after irrigation was monitored with a
Nucletronics neutron probe trough of the furrow (each 20 m ) . The calibration
curves were obtained by a lineal simple regression of the count rates and
field data obtained by the gravimetric method.
R e s u l t s and D i s c u s s i o n s . The calibration curves obtained were finally
grouped in two equations corresponding to the soil layers of 0-40 and 40-80
cm. The difference in the slopes of the curves is atributed to the difference
in the soil bulk density between the studied layers. A calibration curve for
all the profil was obtained two. An evaluation of errors associated at the use
of the différents calibrat ion curves, including the recommended manufacturer's
curve, was made using field data. The average overestimation of soil water
content using the calibration curves for each soil layer was 1 %, and the
average overestimation using the calibration curve for all the profil and the
manufacturer's curve were 4 and 9 % respectively.
The moisture profiles obtained from the measurements of soil water content up
to the deep of 80 cm and through of the furrow, were used to determine the
stored soil water volume on the rooting zone, the percolated soil water volume
bellow rooting zone and by difference the runoff soil water volume. From these
determinations the efficiency of water application was obtained as a relation
between the stored water volume on the rooting zone and the aplicated water
volume(2) .
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The efficiency of water retention in the soil was determined from the
measurements of the soil water content made before and after irrigation as a
relation between retained soil water volume on the rooting zone and the aplicated
water volume(2).
The efficiency of water distribution in the soil was determined from the average
desviation of the stored water content observed in each monitored site through
of the furrow, and the average stored water content observed(2). The high values
obtained of the efficiency of water distribution influenced in the crop growing.

Literature cited.
(1). OIEA, Vienna, 1990. Empleo de técnicas nucleares en los estudios de la
relación suelo-planta. Colección Cursos de Capacitación No2.
(2). Dirección General de Distritos y Unidades e Riego en el Centre Nacional de
Métodos Avanzados de Riego, Mexico, Julio 1982. Curso Internacional de
Riego Superficial.
(3). OIEA, Vienna, 1975. Radiation techniques for water-use
efficiency studies. Technical Reports Series N0I68.
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Stable Isotopes in Arid Paleosols of Southern New
Mexico as Indicators of Climate Change and the Effects
of Atmospheric CO2 on Plant Communities
H.C. Monger. Department of Agronomy and Horticulture, New Mexico State
University, Las Cruces, New Mexico 88003. D.R. Cole. Chemistry
Division,
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831.
Introduction. During the last glacial period, the now arid southwestern United States was wetter
based on evidence from fossil lake shorelines, paleosols, pollen, and packrat middens (1). Many
areas, such as southern New Mexico, that are currently occupied by desertscrub vegetation were
occupied by woodland vegetation in the late Pleistocene (2). At approximately 7,000 to 8,000
years ago a major desertification event occurred that produced the youngest generation of alluvium
on the fan-piedmont areas surrounding mountains in south-central New Mexico (3). This
youngest alluvium, termed Organ alluvium, buries older soils and thereby provides an environment
in which stable isotopes (5 " C and 8 18 0) contained in pedogenic carbonates of different ages can
be compared.

Organ
Alluvium

Figure 1. Location of study area and block diagram illustrating Organ alluvium overlying buried
soils. Organ alluvium appears to have begun being deposited about 8,000 years ago in response to
increased desertification (3).
Stable isotopes record ecologie and climatic information because 8 13C reflects the relative
abundance of C4 and C3 plants and 8 l s O reflects the amount of 1 8 0 in rainwater which, in turn,
reflects mean annual temperatures (4). Because the relative abundance of C4 and C3 plants are
affected by concentrations of atmospheric CO2, in addition to climate (5), 8 13C values in soil
carbonates provide a method of estimating the effects of changing levels of CO2 on plant
communities.
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Materials and Methods. At four locations in southern New Mexico, 8 " C and 8 1 8 0 values
were measured for pedogenic carbonates formed in Organ alluvium and older paleosols. For
purposes of comparison, pollen was also analyzed. A combination of organic and inorganic carbon
was radiocarbon dated to obtain ages of soils and paleosols.
Results and Discussion. A striking shift toward lower 8 13C values occurred after
approximately 9,000 years ago and before 7,000 years ago (Fig. 2). The depletion of " C reflects
the decline of C4 grasses and the increase in C3 desertscrub vegetation, which is consistent with
pollen analysis (3). The 8 1 8 0 values, however, have remained relatively constant (Fig. 2),
suggesting that (a) the isotopic composition of the meteoric water and mean annual temperatures
have changed little in southern New Mexico for the last 30,000 years or (b) the seasonal
distribution to rainfall canceled the effects of mean annual temperature. Because C3 plants have an
increasing advantage over C4 plants with increasing atmospheric C0 2 , the rising levels of C0 2 in
the earth's atmosphere during deglaciation may also have contributed to the vegetation change.
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Figure 2. Values of 8 C and 8 0 contained in pedogenic carbonates plotted against time.
Solid circles represent radiocarbon-dated samples.
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SOIL TO PLANT TRANSFER OF RADIOACTIVE CESIUM.
GREENHOUSE AND FIELD DATA*
E.P. Papanicolaou, V. Skarlou, C. Nobeli
Laboratory of Soil Science and Plant Nutrition, Institute of Biology
N.C.S.R. "Demokritos", 153 10 Aghia Paraskevi, Athens, Greece
Introduction. Soil to plant transfer of radionuclides (mainly 90$r and 137cs) has been
included in reviews on radionuclide cycling (2,7,8). In the accumulated by Peterson (1983)
data, plant to soil concentration ratios of 13'Cs were reported for various crops, and the
values of CR show great differences in various soil types. Aim of the present work was \->
determine transfer factors of 134cs and 137cs from greenhouse and field data and draw
meaningful correlations between CRs and soil properties, as well as between the fractions
of OR adjusted for the soil to plant transfer of radioactive cesium.
Materials and methods. For the greenhouse study eight soil types showing great
differences in their physical and chemical properties, were used. Large soil samples were
collected, appropriately prepared (air dried, passed through 10 mm sieve, contaminated wit"
134cs) and used for the experiments. Six crops (wheat, alfalfa, endive, radish, greenbeans,
cucumber), in four replications each, were grown on each soil type. At harvesting soil an J
plant samples were collected appropriately prepared, and used for 134c s counting and t r e
required plant and soil analyses.
For the field studies plant samples and soils on which they were grown, were collecte 1
from nroas that showed relatively high contamination with 1 3 ' C s from Chernobyl accide u.
Following appropriate preparation, these samples were used for 137cs counting and th«i
required plant and soil analyses.
Generally accepted methods were used for 134cs and 137cs counting as well as or
the required soil and plant analyses (1,3).
Results and Discussion. In the greenhouse experiment the amounts of 1 3 4 c s that
passed from soil to plant as well as their concentration ratio values (CRs) varied with the
crop or plant part and the soil type. For the same crop or plant part CRs showed grei.t
differences depending on the soil type. These differences were much greater than tlr.
reported CRs of &$Sr transfer (4) and in certain instances (e.g. radish leaves, cucumber fru t
or leaves) the ratio between the higher and lower CR value was higher than 200. The CR s
of edible parts were higher than those of plant material for certain crops (e.g. radif'\
greenbeans) and this has significant practical importance. A trend for negative correlation
between CRs and cation exchange capacity (CEC) or clay content of the soil was notic?d.
The correlation between CRs and soil pH was negative and significant or highly significant
for all of the tested crops or plant parts. With respect to chemical properties that affect sc.il
phi, exchangeable bases, expressed in absolute values (meq/kg) gave a trend for negativ i
correlation with CRs. However exchangeable (Ca+Mg) or exchangeable bases expressed

*This work was partly supported by the Greek Ministry of Agriculture (Project No. 79).
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In relative values (as percentages of CEC) gave highly significant correlations (r values
ranged between 0.89 and 0.97) with CRs of all tested crops or plant parts. Similar trend
was noticed for the transfer of 8 5 S r (5).
For the calculation of OR terms a specified Cs/exchangeable cations OR term wa?
used in which exchangeable cations [exchangeable K, exchangeable (Ca+Mg) and
changeable bases] were used instead of soil K, and the respected values (ORexK,
ORexCaMg, ORex bases) were calculated.
The variability of the calculated ORexK, ORexCaMg and ORex bases was smaller
than that of CRs, but it was still very high. However, the correlation between the two
fractions of ORex CaMg and ORex bases was found to be highly significant for all tested
crops or plant parts (r =0.97). For 85sr transfer the correlation between the two fraction:;
was highly significant for all three ORs (ORexCa, ORexCaMg, ORexbases) (6).
Correlations between the two fractions of ORexK, ORexMg and ORexbases, in alfalfa and
tobacco crops calculated in soil and plant samples from areas with relatively high
contamination with 1 3 7 C s from Chernobyl accident, are in agreement with the abov)
findings of the greenhouse experiment.
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On The Feasibility of Using a Gamma Attenuation System
for Soil Seal Studies
Y. Mualem and G. Bernstein. The Hebrew University of Jerusalem, Faculty of
Agriculture, Dept. of Soil & Water Sciences, P.O. Box 12, Rehuvot 76100
Israel
The objetive of this study is to examine the feasibility of using a Gama scanner with a colimator
of 100 mm lenght and a 5.0 diameter for the calibration and validation of soil seal models which
apparently require a much higher resolution . A new method is suggested based on a higher
mathematical bases than is generally applied to upgrade the measurement technique and to meet the
complexity associated with the determination of the thickness and the hidraulic properties of the
thin soils seal where the hydraulic conductivity may vary in the scale of several orders of
magnitudes within a few milimiters. The given Gamma scanner and the nonuniform soil seal model
suggested by Mualem and Assouline are considered as a case study for the suggested theory. The
surface seal model describes the seal as nonuniform disturbed layer with its physical properties
related to the properties of the undisturbed soil. Empirical functions are applied to relate the
hydraulic properties to the variation of the bulk density with depth. The model's parameters have
been derived using an inverse procedure which optimizes the agreement between calculated and
measured steady infiltration.
The new method suggested in the present study for measuring the bulk density profile accounts for
the coupled effect of the radiation intensity function (within the beamdomain of the Gamma
scanner) and the variation of the soils bulk density.
Consequently, the determination of the radiation intensity function, allows us to calculate the
average bulk densityover prescribed depth increment. It is found that the application of the
suggested method increases the resolution of measurements by a factor of 4.
The discrete character of the experimental data defines the averaging scale, assumed in the
numerical solution of the infiltration problem. Fitting the averaging scales of the measured
properties, and teh hydraulic parameters of the seal model, improves the calculation accuracy. The
effect of the subdivision of the seal layer into a number of equivalent uniform sublayers on the
steady infiltration problem isanalysed. It is found that subdivision of the seal layer into
uniform sections 1.0 cm thick, and averaging the hydraulic parameters over each section, is enough
to reproduce characteristic features of the flow in sealed soils. The Gamma scanner under
investigation was found suitable for calibration of a soil sea model, when the new method of data
interpretation is applied.
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Physical and Chemical Characteristics of Soils in an Urban
Park in Hong Kong
C.Y. Jim. Department of Geography and Geology, University of Hong Kong,
Pokfulam Road, Hong Kong.
Introduction. Soils in cities serve a wide range of amenity functions and are receiving more
attention recently (1). In urban Hong Kong, soils support landscape plants and provide the
substrate for greenery and recreational pursuits. The few urban parks accord welcome openings in the otherwise continuously and densely built-up city. The phenomenal visitor patronage imposes a heavy burden on the meagre soil resource, resulting in widespread degradation.
An understanding of this component of the largely artificial ecosystem could furnish the basis
for appropriate management strategy (2). This study aims at a comprehensive characterization
of soils in Victoria Park, the earliest and most popular urban greenspace in Hong Kong.
Materials and Methods. A stratified sampling approach divided the Park into three zones
(good, average and degraded) according to the degree of trampling impacts using predetermined field criteria. For each stratum, two soil pits were dug to one metre deep, and
profile morphology was studied. Infiltration (single-ring) and shear-strength (vane-shear) tests
were performed in situ. Two sets of samples were taken from each horizon, namely the
composite disturbed obtained from four sides of the pit, and two undistubed by a cylinder
auger. A range of physical and chemical analyses were carried out in the laboratory.
Results and Discussion. The profile morhpology showed the existence of four to five horizons with clear to gradual boundary distinctness and smooth form. The well-defined layering
was differentiated according to colour, composition and associated properties. Horizonation
was due more to the variations in the layered parent materials than to pedological processes.
AT the bottom of most profiles, the grayish sand with single-grained structure and loose consistence, mixed with an abundant amount of seashells, suggested the shallow-marine environment of the place before reclamation by fill materials to create the Park. All materials lying
above this original substratum were foreign and markedly different. Dark-coloured topsoil
with organic matter accumulation could only be found in the good sites with intact turf; soils at
the degraded parts had completely lost the turf as well as the O and A horizons.
With the loss of protective organic and organo-mineral cover, the exposed subsoil was
heavily compacted by trampling and densely-packed by rainsplash action. The formation of a
tightly-sealed and high-strength surface crust curtailed infiltration capacity down to a low level;
the worst case registered a retarded rate of water entry at less than 2 cm/h whereas the better
sites recorded up to 12 cm/h. Vane-shear results indicated that the compaction process had
packed the particles close together and increased the shear strength significantly to more than
0.5 MPa in comparison with the average uncompacted subsoil value of 0.2 MPa. Corroborative evidence was provided by bulk density measurements, with the most badly compacted
surface soils reaching 2.1 Mg/m3, whereas the subsurface soil layers generally had an average
value of 1.5 Mg/m3. The total porosity of the most compacted samples dropped below 20%.
Such deleterious physical properties associated with compaction and erosion are inimical to
plant growth (3) which in an urban park is expected to be robust and well-maintained.
The predominantly coarse texture, all in the sand, loamy sand and sandy loam classes
(USDA scheme), reflected the nature of the fill materials which were mainly decomposed
granite excavated from hill-terracing sites at the city's edge. The light texture to a certain
extent alleviated the undesirable effects of compaction, and also accorded a certain degree of
resistance to extreme particle packing. The interstitial pores between the sand grains could
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afford some free avenues for air and water conductance as well as the storage of available
moisture. The high stone ( > 2 mm diameter) content of the subsoil, exceeding 30% in most
cases, was also an inherited and undesirable feature. Soil layers near the surface tended to
have a much lower stone content, suggesting a conscious effort to furnish a less stressful substrate for turf cultivation. Continual top dressing using relatively fine earth also helped to
build up or maintain the textural contrast.
Structure was poorly developed, with subsoil mainly angulai .ocky, topsoil often distinctly platy, and heavily compacted surface layers showing massive arrangement. Aggregate
stability (wet sieving) was weak, with most samples showing substantial disintegration of the 12 mm diameter peds after standard laboratory treatments. Consistence tests indicated that most
soils had strong strength (also shown by vane-shear experiments), and tended to behave in the
brittle-deformation mode. Almost all samples were non-sticky and non-plastic, suggesting the
lack of humic substances and colloidal clays, and feeble intergranular bonds.
In chemical terms, the soils could be described as dystrophic, and the nutrient composition was not untypical of the normal soils in the humid-tropical leaching regime. With the
bulk of the parent materials originating from the local granitic weathering crust, the supply of
plant-available fertility was expected to be low. The pH level of most soils fell in the range
7.3 to 8.5, and this was bequeathed from the alkalinity of the partly-weathered granitic materials; most local mature hill soils over granitic parent materials developed a reaction of around
5.5. The CEC values, averaged at about 10 me/100g, and those of the exchangeable bases,
were quite low when gauged against the norm of tropical soils. The same was also true of
organic nitrogen (micro-Kjeldahl) and available phosphorus (Olsen's method).
With sluggish infiltration and aeration, a shortage of rooting volume and a general lack
of nutrients, the Park soils were generally poor media for plant growth. Additionally, they
were unsightly as well as uncomfortable for park users. The normally rather aggressive turfgrass species, Axonopus compressus (Carpetgrass), failed to recolonize the bare patches. It
was only with substantial cultural inputs, including sprigging, surface scarification, top dressing, fertilization, irrigation, and most importantly prohibition of visitor intrusion, that the turf
was able to recover. Although most trees were able to linger, they suffered from root exposure and the general ill-effects of excessive compaction, and showed discernible loss of vigour.
The acreage of degraded lands in the park, unfortunately, had increased gradually in
recent years due to an exceptionally high level of visitorship. The routine management response was principally the closure of more areas by fencing in a desperate attempt to preserve
some remnant green pockets. This approach, however, had resulted in the concentration of
user impacts in the diminishing pool of available turf, and further accentuating the rate and
magnitude of destruction. Another strategy involved time restriction, with lawn opened only
during weekends and public holidays. Innovative techniques of soil design by moulding the
composition so as to resist compaction and provide reasonable sustenance to plant growth
should be explored.
Literature Cited.
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Crop Production in Deleterious Soils with Special Emphasis on
Salt Affected Soils: Considerations for Sustained Productivity
R Ansiiri, A. N. Khanzada, S. S. M. Nagvi, M A. Khan and A. Shereea Atomic
Energy Agricultural Reserach Centre, Tandojam, Sindh, Pakistan.
Introduction. Plants require salts in the root medium for growth.
When the concentration of these salts reach such levels that it is
harmful for growth, salinity is said to have developed. These soils
are of worldwide occurrence and Pakistan is no exception. Here,
about half of the irrigated area may be affected by salinity/
sodicity/waterlogging (Muhammed,1981).The economic loss is assessed
to be ca. Rs. 1.44 billion annually (Wyn Jones and Gorham,1988).
Cultivation of salt tolerant species and amelioration of lands are
two logical solutions to the problem.The threshold for salt
tolerance,especially in our common field crops,is generally low and
there comes a stage when economic returns are no more feasible.This
makes utilisation and amelioration of such lands imperative.
Screening for salt tolerance
Identification of suitable species is necessary for
gainful
utilisation of saline soils Our efforts on screening for salt
tolerance have identified many plant species/cultivars which show
minimum depression in growth under saline conditions (Ansari,1966,
Ansari et.aJ.,1992, 1993, Naqvi mt.ml.,
1975, Shereen, 1991). The
reproductive stage of development was particularly sensitive to
salinity. resulting in incidence of sterility »nd rerfnned grain
yields, whereas tha straw weight was not affected to that extent.
With transplanted rice, six week old seedling grew better than
eight week old.The response was generally dependent on
ion
accumulation in shoot, their proportions, fluxes, selectivities
etc.(Ansari,1982).A nunber of trees and shrubs were also identified
to grow well in a saline field of EC>15.
Reclamation of saline lands: A case study
In a field trial on biological amelioration of saline soils of our
farm, initial grading of salinity was done on the basis of natural
vegetation. This was strongly influenced by substrate salinity. Ion
analysis of the foliage showed that some species managed their
internal concentration by excreting the excess salts and thus grew
without showing any visible ill effects.
The salt content in the soil ranged between 2 and 18 mS (1:2.5),
with pH around neutrality but never exceeding 8. Repeated plantings
with a nunber of orop species failed to establish plants in this
area beoause the salts were too high and the soil too degraed to
allow proper germination. The situation becane even worse when the
area remained inundated for two nonths due to nonsoons. The under
ground water table consequently rose fron the initial 2m to 1.25m
and pushed nore salts to the surface by capillary action. So the
area,, instead of improving, becane worse with tine.
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Conclusions and the lessons

leariiL

Screening of species/cultivars of importance should continue for
inclusion in planting/reclamation programmes. For ultra saline
sites, it is better to scrap off the surface salts before planting
to provide a less hostile environment to the plant.
Provision of adequate drainage is of prime importance . It is not
advisable to try to reclaim soils with shallow (<2m) water table.
Broadcasting seed in standing water instead of normal drilling,
often results in good germination due to dilution effect.For better
survival and growth, trees and shrubs should be planted on raised
beds at nearly one third of the way below the peak and with
adequate N,P-fertilizer (preferably SSP and ammonium sulphate).
The cost of the ameliorants may not be a major constraint.Gypsum is
already being supplied at subsidised rates. It may however, not be
required every where and where needed, the application should be
according to the requirement, of the soil.
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Characteristic of Fertility of a Latosol in Central Brazil Five
Years After Liming
V. M. Nascimento and F. M Fernandes. Departament of Soil Science, UNESP, PO
Box 31,15 378-000 Ihla Soltetra, SP, Brazil.
Introduction.
The Cerrado region has had a great importance to
the Brazilian agriculture on the last twenty years. The big area
(22% of Brazilian National Territory) shows excellent climatic
conditions and good soil physical conditions, but the agricultural
production normally is limited by low contents of nutrients (P,
Ca, Mg and Zn) and low contents of organic matter. These soils are
acid and Al dominates the exchange complex (Nascimento et al.,
1983) , Nascimento et al, 1992). The practice in agriculture, on
these soils, implies on the use of the lime as in natural
conditions they show high acidity and elevated saturation of
aluminium (Souza et al., 1980). Considering that liming effects
are not well known on several soil proprieties', it was
investigated the lime action on some fertility characteristics on
this work.
Materials and Methods. The experiment was conducted in a Dark Red
latosol at the Experimental Farm of the UNESP - Ilha Solteira
Campus (20°.22' S, 51°.22' W ) , taking 10 x 20 m areas, using five
levels of the lime: 0.0, 1.4, 2.8, 4.2 and 5.6 t/ha and the
soybean culture during five years. Soil samples were taken at the
0-20 cm and 20-40 cm depths, during the next five years after
liming and they were analyzed as: pH, Al, Ca + Mg and
K-exchageable, CEC and % of bases saturation.
Results and Discussion. Considering the used treatments, it was
observed that the CEC and K-exchangeable values did not present
significative differences. The pH, Al, and Ca + Mg exchangeable
values and % of bases saturation showed significative differences
in both studied depths. A reduction of the % of bases saturation
values was observed during the five years studied. The effects of
liming in the total neutralization of the Al-exchangeable was
efficient until five years after the application only when 5.6
t/ha of lime was used.
Conclusion.
The results of the experiment allowed to conclude
that: five years after liming, the use of 5.6 t/ha of the lime
showed efficiency as to maintenance of the content of the
Al-exchangeable near to zero and the pH value around 6.0 on both
studied depths. The pH and the Ca + Mg and "Al-exchangeable"
content were, on the studied characteristics, the ones more
influenced by the liming.
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Some Factors Influencing Soil Fertility and the Effect of
Liming on P and K Uptake by Rice Crop in the Soils of
Kohima
Keyiekhrie Kire and Rehan-UI-Hasan. Division of Soil Science and Agricultural
Chemistry, Indian Agricultural Research Institute, New Delhi-110 012 (India).

Introduction. Kohima d i s t r i c t accounts for more than 50% of
the t o t a l r i c e produced in the s t a t e of Nagaland. Being a
remote and socio-economically backward a r e a , information on
s o i l f e r t i l i t y and physico-chmical p r o p e r t i e s of the soils i s
r a t h e r scanty.
The s t a t e of Nagaland l i e s between 25°60' and 27°40'
north of equator and between the l o n g i t u d i n a l l i n e s of 93°20'E
and 95°15'E. The topography i s f u l l of h i l l ranges with deep
gorges and steep t e r r a i n s . The d i s t r i c t of Kohima occupies
t h e southern end of the s t a t e . The average r a i n f a l l for the
d i s t r i c t of Kohima i s 206 cm ( 1 ) .
The p r e s e n t i n v e s t i g a t i o n , t h e r e f o r e , was undertaken with
t h e o b j e c t i v e s : ( a ) t o evaluate f e r t i l i t y s t a t u s of s o i l s of
Kohima, and (b) t o study the e f f e c t of liming on the uptake
of P and K by r i c e .
M a t e r i a l s and Methods. One hundred V i l l a g e s were s e l e c t e d from
various p a r t s of Kohima d i s t r i c t and r e p r e s e n t a t i v e surface
s o i l samples (0-15 cm) were c o l l e c t e d from t e r r a c e f i e l d s .
Also, a bulk s o i l sample was c o l l e c t e d from Tenyiphe Village
for the pot c u l t u r e experiment. The experiment was conducted
a t IARI, New Delhi with four l e v e l s of lime namely; 0, 50,
100 and 150 per cent n e u t r a l i z a t i o n of exchangeable a c i d i t y
and t h r e e l e v e l s each of phosphorus ( 0 , 45 and 90 kg P2 O5 ha~l
and potassium ( 0 , 50 and 100 kg K20 ha~l ) in order t o study
the e f f e c t
of liming on n u t r i e n t
uptake by r i c e . The
experiment was l a i d out in a Completely Randomized Block
design with three r e p l i c a t i o n s each of lime, P and K.
The
soil
fertility
status,
exchangeable
cations,
exchangeable a c i d i t y and aluminium, KCl-exchangeable a c i d i t y ,
free
i r o n o x i d e , exchangeable ammonium and n i t r a t e , P and K
fixation,
pH, EC, p a r t i c l e
s i z e a n a l y s i s and CEC were
determined by following standard procedures as given in the
literature
(2).
Yield data were recorded and the
lime
requirement and s t a t i s t i c a l a n a l y s i s were also done.
Results and Discussion. The s o i l s are s t r o n g l y a c i d i c as the
pH varied from 4 . 1 1 t o 5.5 and n o n - s a l i n e having EC values from
0.15 t o 0.69 dSm' . The organic carbon varied from 0.60 t o
2.16 per cent and i s found to i n c r e a s e with a l t i t u d e and the
r e l a t i o n s h i p between these two i s given by the equation:
Organic carbon (%) = 0.92 + 0.00034 A l t i t u d e (r = 0.577**).
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The a v e r a g e v a l u e of m i n e r a l i z a b l e n i t r o g e n was 3 4 8 . 7 kg ha"1
( 2 ) . The a v a i l a b l e p h o s p h o r u s v a r i e d from 1.1 t o 2 6 . 6 kg ha"1
w i t h 53% s o i l s t e s t i n g low. The r a n g e i n NH4 OAc-K was from
7 8 . 4 t o 3 7 5 . 2 kg h a " l . The w a t e r s o l u b l e K and t h e a v a i l a b l e
K a r e found t o f o l l o w t h e e q u a t i o n : A v a i l a b l e K=55.07 + 2.82
w a t e r s o l u b l e K ( r = 0 . 7 8 5 * * ) and i s a l s o found t o be i n f l u e n c e d
by EC and a l t i t u d e b u t t h e e x c h a n g e a b l e K was p o s i t i v e l y
c o r r e l a t e d w i t h t h e c l a y c o n t e n t . The r a n g e i n CEC i s from
9 . 0 t o 2 2 . 6 cmol ( p + ) kg -1
and t h e r e l a t i o n s h i p between
o r g a n i c c a r b o n and CEC i s g i v e n by t h e e q u a t i o n :
Organic
c a r b o n = 0 . 3 3 + 0.062 CEC ( r = 0 . 5 7 6 * * ) . The t e x t u r a l v a r i a t i o n
i n s o i l s f o l l o w e d t h e s e q u e n c e : c l a y loam ( 4 5 1 )
Clayey (351)
Sandy c l a y loam ( 2 0 1 ) . The DTPA e x t r a c t a b l e F e , Mn, Zn and
Cu a r e p r e s e n t i n a d e q u a t e amounts a s i s e v i d e n t from t h e i r
a v e r a g e v a l u e of 1 1 0 . 6 , 6 9 . 2 , 1.2 and 2 . 3 ppm, r e s p e c t i v e l y
( 4 ) . The e x c h a n g e a b l e a c i d i t y of s o i l s v a r i e d from 0.092 t o
2.17 cmol (p + ) k g " l , and t h e l i m e r e q u i r e m e n t d e t e r m i n e d by
t o 55.7 q
v a r i o u s methods v a r i e d ^ w i d e l y ( 8 . 6 5 q CaCOj h a " l
C a C 0 3 h a - l ) . The P and K f i x ing c a p a c i t i e s were 6 4 . 6 and 2 3 . 1
per
cent,
respectively.
Fifty
per
cent n e u t r a l i z a t i o n
of
e x c h a n g e a b l e a c i d i t y by CaCC^ a p p l i c a t i o n i s found t o be t h e
b e s t f o r c r o p p r o d u c t i o n i n t h e s e s o i l s . The a p p l i c a t i o n of
45 kg P 2 0 5 h a " l i n c r e a s e d t h e u p t a k e of P a t 50 p e r c e n t l i m e
s a t u r a t i o n of t h e e x c h a n g e a b l e a c i d i t y . S i m i l a r l y , t h e r e s p o n s e
t o K f e r t i l i z a t i o n was a l s o o b s e r v e d a t 50 p e r c e n t l i m e
s a t u r a t i o n . I n t e r a c t i o n between low l e v e l of P and h i g h l e v e l
of a p p l i e d K i n c r e a s e d c r o p y i e l d s i n t h e s e a c i d i c s o i l s of
Kohima.
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Presence of exchangeable aluminium in sugarcane soils and
its relationship with pH
M. de Leon, M. Lopez and R. VUlegas. National Sugarcane Research
Institute Ave. Van Troi No. 17203, Boyeros, Habana, Cuba.
Introduction. Sugarcane tolerates a broad interval of soil acidity but in some cases lime must
be used. The knowledge of calcium content of soils and the acidity levels at which appears toxic
quantities of aluminium is very important for sugarcane producers.
Materials and Methods. As part of the FACTLIM project developed by INICA 1 in
"Motzorongo", "Central Progreso" and "El Refugio" sugar mills in the Republic of México
during 1991-1992, soil samples (depth 0-20 cm) were taken in sugarcane producers properties
(30% of total) related to these sugar mills and pH (KC1) and exchangeable hydrogen, calcium
and aluminium were determined in them.
Results and Discussion. Exchangeable aluminium contents, enough to produce toxicity in
sugarcane (2) were observed in part of the studied areas. Their relationships with pH (KC1) are
shown in Table 1. In these, for the sugarcane exchangeable aluminium toxic content [1 cmol
(+) kg 1 ] corresponds pH (KC1) values of 4.04 (Motzorongo), 4.01 (El Refugio) y 3.87 (Central
Progreso).

Table 1. Exchangeable aluminium (x) and pH (y) relationships observed in "Motzorongo", "El
Refugio" and "Central Progreso" studied areas.
Sugar mill

Regression equation

R2

Motzorongo

y = 4.04 x"0036

0.41

0030

y = 4.01 x"

0.75

y = 3.87 x0050

0.56

H Refugio
Central Progreso

In Table 2 relationships between exchangeable calcium and exchangeable hydrogen and pH (KC1)
are observed.
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Table 2. Exchangeable calcium (x) and exchangeable hydrogen (x) and pH (y) relationships
observed in "Motzorongo", "El Refugio" and "Central Progreso" sugar mills areas.

Regression equation
Sugar mill

Exchangeable calcium

R2

Exchangeable H +

R2

Motzorongo

y = 3.685 + 0.112

0.76

y = 5.90 - 0.80 x

0.57

El Refugio

y = 3.870 + 0.080

0.72

y = 6.49 - 1.02 x

0.80

Central Progreso

y = 3.176 x

0133

0.63

018

y = 5.02 x"

0.76

The relationships presented in Table 2 shows low exchangeable calcium content for pH (KC1)
belows which aluminium toxicity appears. The relationships observed between exchangeable
aluminium and exchangeable hydrogen and pH (KG) allows to consider this later index as
adecuates for estimate lime necessity in the studied areas.
The relationships between pH and exchangeable hydrogen makes possible the estimation, for a
determine soil mass of the amount of calcium necessary to raise the pH to a desire value. The
amounts of CaC03(t/ha) required to raise 0.1 unity of soil pH, for each sugar mill condition,
varied between 0.58-0.70 (Motzorongo), 0.64-0.85 (El Refugio) and 1.00-1.35 (Central
Progreso).
Literature cited.
1. INICA (1991-1992): Estudio de suelos y evaluation de sus factores limitantes para el cultivo
de la cana de azücar en los ingenios "Motzorongo", "El Refugio" y "Central Progreso"
Informe Final, Instituto National de Investigaciones de la Cana de Azücar, Cuba
(disponible a solicitud).
2. Zambello, J. R. y J. Orlando Filho (1981). Adubacao de Cana de acucar ha regia Centro Sul
do Brasil. Boletfn Técnico Planalsucar. Piracicaba 3(3)5-26.
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Behaviour of Aluminum and Organic Fractions at Different
Levels of pH of Oxisols from Brazil
E. S. Mendonga. Departamento
Vigosa, Minas Gerais, Brasil.

de Solos, Universidade Federal de Vigosa,

36570-000

Introduction. High acidity and Al saturation are identified as the major responsible factors for poor
growth of many crops at Oxisols. It has also been demonstrated that hydrolysis of aluminum-soil
organic matter complexes contribute to the potential soil acidity of these soils. To overcome these
problems the main strategy adopted is to increase pH and the status of basic cations of these variable
charge soils. Increasing pH results not only in an increase in the amount of Al adsorbed by the soil
organic matter sites developed but also an increase in the degree of hydrolysis of the adsorbed Al.
Additionally, organic anions associated with the oxides by simple columbic attraction can be removed
by increasing pH. It is therefore expected to occur a change at Al and organic matter fractions due
to the increase of pH. The aim of this work is to study the changes of Al fractions and labile organic
matter with the increase of pH of variable charge soils.
Materials and Methods. The Al horizon of two Oxisols, clayey Red-Yellow Latosol (RYL) and
sandy loam Dark-Red Latosol (DRL), from the Cerrado Region of Brazil were sampled. Their clay
mineralogy is dominated by kaolinite and gibbsite, pH is around 5 and Al saturation around 70%.
The values of total organic carbon are 2.56 and 0.99 % to RYL and DRL, respectively. The RYL
has 72 % o clay and DRL 13 %.
The treatment of each sample consisted of non-limed control and five lime rates. Lime rates
applied were based on the neutralization of soil acidity: 0.125; 0.25; 0.50; 1.0 and 1.5 times the lime
requirement. A 100 g of soil sample, passed through 2 mm sieve, was placed in a polyethylene bag
and thoroughly mixed to Ca(OH)2, according to the treatments. The moisture content was kept at the
field capacity. The bags were placed in a cupboard and incubated for 6 weeks.
The different pools of Al in the soil were characterized by the extraction with KC1, LaCl3,
CuCl2 and Na-pyrophosphate. It was considered that 1 M KC1 could extract exchangeable Al; 0.33
M LaCl3 was able to remove reactive Al weakly associated with the soil organic matter and
exchangeable Al; 0.5 M CuCl2 could extract reactive Al from whole soil; and Na-pyrophosphate was
able to extract the amount of Al strongly bound to the solid-phase of soil organic matter. The amount
of water-soluble organic carbon was determined by shaking 10 g of sample for 30 minutes with 20
ml of deionized water, centrifuged at 50000 G and the clear supernatant filtered through a 0.2 /xm
membrane filter. Organic carbon was estimated by a modification of the dichromat oxidation method
(1). 'Exchangeable' organic carbon was considered to be the amount of carbon removed by 0.01 M
CaHP04 from the soil exchange sites. Thus, phosphate appeared to replace the organic molecules
weakly complexed by exchangeable sites on the soil surface and by the exchangeable cations of the
soil. This form of organic matter was determined as described to water-soluble organic carbon.
/
Results and Discussion. All forms of Al studied were reduced by liming, being the Al weakly
associated with the soil organic matter, extracted with LaCl3, linearly reduced. The amount of Al
extracted with Na-pyrophosphate showed a small change and the Al extracted with CuCl2 had a slight
increase with the first increment of lime application. This indicated that part of the Al strongly bound
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to soil organic matter is moving to more reactive sites. Therefore, the contribution of exchangeable
Al to total acidity seemed to be very small. In fact, a considerable amount of organic Al and nonexchangeable H + component are neutralized. More research is needed to understand the dynamics
of organic Al in long term experiments.
Liming caused a decrease of 'exchangeable' carbon, which was smaller than the increase of
water-soluble carbon. This behaviour suggests that organic matter of other compartments is
contributing to the increase of water-soluble carbon, with the increase of pH. These results suggest
that it is necessary a better characterization of the soil organic matter pools in variable charge soils.
Literature Cited.
(1) Burford, J. R. & Bremner, J. M. 1975. relationships between the denitrification capacities of
soils and total, water-soluble and readily decomposable soil organic matter. Soil Biol. Biochem.
7:389-394.
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Aluminium Toxicity and the Plant Cell Wall
F.P.C. Blarney and C.J. Asher. Department of Agriculture, The University of
Queensland, Brisbane 4072, Australia
Introduction. Aluminium (Al) toxicity is an important yield-limiting factor in many acid soils.
The chemistry of aluminium (Al) is complex, many forms of Al occurring in the soil solution,
not all of which are toxic (1). The inorganic monomelic forms (Al3*, Al(OH)2* or Al(OH)2+) are
toxic at activities of < 10 uM (6). This is orders of magnitude less than the total Al in mineral
soils (ca. 70 kg Al m"3) or even that present in the soil solution. It is important, therefore, to
discriminate between the various forms of Al in soil solutions (1).
Despite more than 30 years' research, the biochemical basis of Al toxicity has not been elucidated (8). There is increasing evidence, however, that the primary toxic effect of Al results from
reactions of Al in the walls of cells in plant roots (5). Root cell walls are complex structures (7),
the most important structural components in dicots being cellulose, xyloglucan (hemicellulose),
pectin and extensin. The crystalline cellulose microfibrils are bound together to form fibres which
provide cell rigidity. Xyloglucan nolds the cellulose fibres together, as do the pectic substances to
some extent. Pectin, largely as calcium (Ca) pectate, comprises ca. 35 % of the primary cell wall
dry mass (7). Extensin, an extra-cytosolic protein, is involved in fixing the cell wall in shape on
completion of cell expansion. Many of these compounds have other functions in addition to their
structural roles, making cell walls far from inert. For example, pectic compounds are negatively
charged, accounting for most of the root cation-exchange capacity (CEC). They also determine
pore size in the cell wall, through which all solutes must pass to enter the cytoplasm. In grasses,
glucuronarabinoxylans may functionally replace the pectic compounds present in dicots (7).
Reactions of Al with pectic compounds. In vitro studies have shown that Al binds rapidly and
strongly with pectate (3). The quantity of Al reacting with pectate was found to increase with
increase in Al concentration and increase in solution pH, but to decrease with increase in solution
Ca concentration. These results suggest a sorption reaction.
Short-term reactions between Al and plant roots. Aluminium binds rapidly and strongly with
plant roots (5,8). The rapid initial phase of Al binding lasts for ca. 10 (Table 1) to ca. 30 min
(8), and is followed by a slower linear phase (5,8). It is noteworthy that roots of Al-tolerant
cultivars (e.g. Grasslands Maku) tend to bind less Al than those of Al-sensitive cultivars (e.g.
Maitland) (Table 1). As in the two Lotus cultivars, Al-tolerance is often associated with a lower
root CEC.
Table 1. Al sorption (pmol g"1 dry mass) by roots of Lotus pedunculatus cv. Grasslands Maku
(Al-tolerant) and L. corniculatus cv. Maitland (Al-sensitive) from nutrient solution containing 25
pM Al (5).
Time after immersion (min)
Cultivar

2

4

6

10

20

30

40

Grasslands Maku

4.3

6.5

7.0

8.2

8.5

9.6

10.0

Maitland

5.3

7.6

7.8

9.1

10.0

10.7

U.é
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A model system - the Ca pectate membrane. Blarney et al. (2) produced a highly simplified
model of a plant cell wall by forming a Ca pectate membrane on a cellulose filter paper. They
found that, as with cell walls, the pectate gel provided some resistance to the flow of dilute
CaCl2 solution. However, addition of Al to the system caused an almost immediate reduction in
solution flow rate (Table 2), consistent with a structural change resulting from reduced mean pore
diameter. Subsequent research with Ca pectate (4) showed that the structural changes associated
with the reduction in flow rate were associated with a stoichiometric exchange of Al** for Ca2+,
ca. 1.5 pmol Ca being desorbed for every 1 pmol Al sorbed by pectate.
Table 2. Effect on mean solution flow rate (ml min') through a Ca pectate membrane on
addition of 29 uM Al (2).
Mean time after adding Al (min)

Before
adding Al

0.5

1.5

2.5

3.5

4.5

5.5

3.61

2.25

0.71

0.34

0.25

0.19

0.15

Conclusions. Since Al is divalent and has small ionic raJius, Al3* displaces Ca2+ from Ca
pectate, and Al is more strongly bound than Ca by pectate. The reaction of Al with pectate
decreases the pore size of the pectate matrix (which controls the pore size in the apoplasm), the
reaction being complete within a few minutes at most. Increased resistance to water flow
associated with decreased pore size may contribute to the observed drought susceptibility of
plants affected by Al toxicity. These findings suggest that any factor, genetic (e.g. low root CEC)
or environmental (e.g. increased solution Ca concentration) that reduces Al sorption by pectate
(or glucuronarabinoxylans in grasses) by the root cell wall would reduce Al toxicity.
References.
1. Asher, C.J., F.P.C. Blarney, and G.L. Kerven 1992. Recent research on soil acidity: Identifying
toxic aluminium in soils, pp. 61-68. In S.J.L. Tovar and L. Quintero (eds.) La Investgacion
Edafologica en Mexico 1991-1992. Memorias del 15 Congreso Nacional de la Sociedad
Mexicana de la Ciencia del Suelo. Soc. Mex. Cien. Suelo. Acapulco.
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tolerance. Curr. Top. Plant Biochem. Physiol. 10:57-93.

244

Studies on Diagnostic Indices of Aluminum Toxicity and
Calcium Deficiency for Wheat Growth in Acidic Soils
Q. Y. Huang, X. Y. Li, and F. L. Xu. Department of Soil and Agrochemistry,
Huazhong Agricultural University, Wuham, 430070, P. R. China.
Introduction. Low pH soils occupy large areas in many parts of the world. Aluminum toxicity and
calcium deficiency have recognized as the major factors limiting crop growth in these soils.
Acidification of environment through the effects of acid rain is exacerbating the problems. In
south China, significant increment of the amount of soil active aluminum and the reduction of crop
production resulting from soil acidification have been reported. In view of the situation, the
condition of aluminum toxicity and calcium deficiency for wheat growth in different acid soils and
the change of active aluminum level in acidified soils have been studied in this paper.
Materials and Methods, red soils derived from Quaternary Deposits were collected from southern
Hubei Provinve.Soil pH was measured in a 1:1 suspension in water. (1) Six soil samples with
different pH value ranged from 5.5 to 4.8 were selected for short term (4-day) pot culture
experiment. For each soil, the experimental design included four replicates of the following four
treatments: A)Nil, B)CaS04 calculated to increased Ca saturation to 30%, C)MgO to raise soil pH to
6.0 and D)Ca(OH>2 to raise soil pH to 6.0. Wheat cultivar of Een No.1 was used as the indicator
crop. The length of the longest root of wheat seedling using was measured. (2) Sample No.1 (soil
pH=5.4, Casaturation= 54%) was acidified using dilute sulfur acid to different pH values, ie. 5.5,
5.0, 4.7, 4.3, 4.1. They were air dried and passed through 2mm and 60 sieve screen rescpectively.
Some extractants such as 0.02 mol/lCaCl 2 , 1 mol/l K.C1, pH 4.8 NH4OAC and pH 8.2 Na 4 P 2 0 7 were
employed for the sequential extraction of soil aluminum. Also the acidified soil samples were used
for 4-day pot culture experiment with wheat seedlings. Soil solution was extracted by
centrifugation method under field capacity (33kPa).
Results and Discussion. 1. Relations between soil pH, exchangeable Al, Ca in several acidic soils
and wheat growth. For the soils with pH value of 5.5 , 5.3 and 5.2, there was no significant
difference for the elongation of wheat root among the four treatments (Table 1). These soils are
not Ca-deficient and Al-toxic. For the soils with pH value of 5.1 both calcium deficiency and
aluminum toxicity were indicated but the former was more serious, because root growth was enhaced
much greater by CaSOj than by MgO. In soils with pH value of 4.9 and pH 4.8, MgO treatment
increased root kength of wheat seedling more remarkably than CaS0 4 treatment and it was suggested
that aluminum toxicity was graver than calcium deficiency in these two soils.
. As is known that, with soil acidification, the leaching of mineral nutrients and the increment of
active aluminum are the main limiting factors for plant growth . From the aforementioned results,
it is inferred that when soil pH decreased from 5.5 to 5.0 or lower, wheat growth in the soil may
suffer from Ca-sufficient to Ca-deficient and to both Ca-deficient and Al-toxic. In agricultural
practices, concrete analysis should be made for different soils in terms of the above-mentioned
process. Under certain circunstances, it may not dependent on soil pH value, but even more on the
level of available calcium and active aluminum of soil. For soils which are just Ca-deficient,
there is no need to raise soil pH too high and wheat growth can be returned to normal only by
supplying adequate amount of calcium. From this experiment, it was considered that soils with
exchangeable calcium content of more than 4 coml(+)/kg are not Ca-deficient, and soils with
exchangeable aluminum content of lower than 1.8 cmol(+)/kg are not Al-toxic.
2. The level of several forms active aluminum in acidified soils. With the enhacement of soil
acidifiation, the changes of some forms of soil active aluminum are as follows. 1) The amount of
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total aluminum and rapid reaction aluminum in soil solutions increased exponentially, the ratio of
the concentration for rapid reaction aluminum to the amount of total aluminum also increased. For
wheat growth, the diagnostic indices of total aluminum and rapid aluminum content are 23umol/l and
10 umol/1 respectively. 2) Soil soluble aluminum (CaC^-Al) and exchangeables aluminum (K.C1-A1)
content doubled and redoubled. Their diagnostic indices are 46 ug/g and 164 ug/g. 3) The amount of
NH4OAC sequential extracted aluminum and pyrophosphate sequential extracted aluminum
decreased.
Acknowledgement. The research was supported by the Laboratory of Material Cycling in Pedosphere,
Institute of Soil Science, Chinese Academy and Natural Science Foundation of China.
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Forms of Active Aluminum in Acid Soil and Aluminum
Phytotoxicity
X.Y. Li, Q.Y. Huang, F.L. Xu and Q. Hu. Dept. of Soil Science Huazhong
Agricultural University, Wuham, 430070, PR. China

Introduction. Acidic soils which occur extensively in tropical and subtropical China are main
cultivated land. Acidity, infertility and Al-toxicity which are related to soil Al are major
factors limiting crop growth. Confirming the form of toxic Al is the key to draw up the
countermeasures fr mitiganting and eliminating soil Al-toxicity. The relation between forms of
soil Al and their toxicity was discussed in this paper.
Materials and Methods. Fifteen red soils derived from Quaternary Deposits were sampled from
Xianning county in Hubei province. The pH Value of soil was measured in a 1:1 suspension in water.
1. soil culture experiment. Nine soil samples with pH value ranged from 4.5 to 5.5 were selected.
Soils were treated with CaSO^ to increase Ca saturation to 30%. Pot culture experiments were
conducted in a short period (4-day) using wheat cultivar of Een number 1 with four relpications
for each soil under field capacity (33kPa). The length of the longest root of wheat seedling was
measured. Soil solution was obtained by centrifuge method after the seedling where harvested and
the contents of cations and anions were estimated. Then N, P, K fertilizaers were added to soils
for longer term (30 days) pot culture experiments and the dry weight of seedling was measured.
1 .Soil active Al was extracted by 0.02 mol/L CaCl2, 1 mol/L KC1, pH 4.8 NH^OAc, 0.5 mol/L CuCl2
etc. respectively or sequentially. 3.Estimation of Al. Total Al in solution and extracts was
determined by ICP. Rapid reactive Al (RR»,) was measured using pyrocatechol colorimetric
methodfl].
Results and Discussion.
1 .Content form and phytotoxicity of active Al in soil. For total Al in solution, sample No. 1 -2 was
trace, three soils were from 6.9 to umol/L, three soils were 10-15 umo/L, and two soils ranged of
74.1-135.2 umol/L. The lenth of the longest root corresponds to 9.0%, 12.6%, 9.0%, 24%, 20%,
16.4%, 9.1%, 33.7% of soil 1-2 respectively. These data indicated that root elongation was
restrained evidently when the amount of total Al in soil solution exceed 6.9 umol/L. However,
there is no significant correlation between root length of wheat seedling and the amount of total
Al in soil solution. The correlation coefficient between activity of A r + , Al(OH) , Al(OH) 2+
calculated by GEOCHEM and root length is -0.834, -0.698 and -0.478 respectively. These indicated
that the toxicity of Al 3 + to wheat root was higher than those of Al(OH) , Al(OH)2 .
2. Aluminum extracted by 0.02 mol/L CaCU.For soils with pH value >5.5, 5.2-5.5, <5T0, the amount
of Al extracted by 0.02 mol/L CaCl2 was<l 1 ug/g, 30-50 ug/g, and 200-300 ug/g separately. It
merits us to put forward that the content of 0.02 mol/L CaCl2 soluble Al was increasing so fast
and in which the amount of RR A i was more than 50% when the pH value of soil was lower than 5.05.1. There are significant correlations between wheat growth parametre (WGP) and RR A j (r » 0.80-0.87, and 0.71--0.81, p<0.01, n=9). It stated clearly that the main form in 0.02 mol/L CaCl2
soluble Al was RR^Al which restrain wheat growth obviously.
3. Exchangeable Al extracted with 1 mol/L K.C1. For soils with pH value >5.5, 5.2-5.5, and <5.0,
the amount of exchangeable Al was <80 ug/g, 100-200 ug/gand 400-600 ug/g respectively. For soil
with pH value <5.5, the content of RR A i was 88-95%. The r' value (correlation coefficient) between
WGP and the amount of R R A A 1 was 0?89—0.92 and 0.88-0.94 respectively (p<0.01 n-9), which was
higher than that between OJOT mol/L CaCl2 soluble RR A i and WGP. It implied that RR A j in
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exchangeable Al could even more reflect the inhibition effects on wheat growth comparing with
other forms of soil Al. For soils with pH value>5.0 and <5.0, the content of Al extracted with
1 mol/L KCl after extraction by 0.02 mol/L CaCl2 was < 100 ug/g and 140-240 ug/g separately. The r2
value between them and WGP was 0.79-0.87 (p<0.01, n-9). These indicated that Al extracted by
1 mol/L KCl sequentially might determined in a certain degree the magnitude of soil Al toxicity to
wheat growth.
4. Aluminum extracted with pH 4.8 NH^OAc. For soils with pH value >6.0, 5.5-5.2, <5.1, the content
of Al extracted by pH4.8 NH4OAc was <100ug/g, 170-270 ug/g, 500-900 ug/g separately. The r 2 value
between them and WGP was 0.72-0.80, which was lower than those mentioned above. It means that
NH4OAC-AI has less influence on wheat growth than aither CaCU-Al or KC1-A1. For soils with pH
value >5.2 and <5.2 , the Al extracted by pH 4.8 NH4OAc afetr the extraction by 0.02 mol/L CaClj
and 1 mol/L KCl was <250 ug/g and 300-500 ug/g respectively. There are not significant
correlations between them and WGP. It made clear that Al extracted by pH 4.8 NH4OAc sequentially
is not directly toxic to wheat growth.
5. Aluminum extracted by 0.5 mol/LCuC^- The amount of Al extracted by 0.5 mol/L CuC^ from soils
examined was 200-1000 ug/g. The r 2 value between them and WGP was 0.70-0.80, which was less than
that between NH 4 OAc-Al and WGP. It implied that the toxicity of CuCU-Al was less than that of
NH 4 OAc-Al.
From the results mentioned above some conclusions might be drawn as follows: l)The correlation
between root length of wheat seeding and the activity of Al 3 + in soil solution of subsoil was the
most significant. It was identified that Al
is the most toxic Al species in soil solution. 2) Al
extracted by 0.02 mol/L CaCl2 or by 1 mol/L KCl was mainly RR^ 1 which was toxic to wheat growth. 3)
Total or RR» j extracted by 1 mol/L KCl reflected well the content of toxic Al ions in soil. 4)A1
extracted by 11.02 mol/L CaCU and 1 mol/L KCl sequentially was mainly adsorbed Al in a state of
balance to soluble Al. When pH value of soil was lower than 5.1, both of them increased remarkably
but soluble Al content increased much more than adsorbed Al did. 5) Al extracted sequentially by
pH 4.8 NH4OAc or 0.5 mol/L CuC^ was principally polymer Al which were difficult to desorb and
their quantity were greater than those of soluble Al or adsorbed Al.
Acknoledgement. The program was supported by the Laboratory of Material Cycling in Pedosphere,
Insti. of Soil Sci., Academia Sinica and Natural Sci. Foundation of China.
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Soil Acidity and Sugarcane Yields in Cuba
N. Medina*, V. Paneque, M. Martinez, and A. Velazco. Department of Want
Nutritionand'Biofertilizers, National Institute of Agricultural Sciences, SanJosé de
las La/as 32 700, La Habana, Cuba.
Introduction. By far, sugarcane is the main crop in cuban agriculture, covering a surface higher
than 1.5 million ha (near 30 % of agricultural lands). On the other hand, more than 35 % of
these sugarcane-cropped areas present soil acidity in higher or lesser extent, evaluated through
pH values.
Worldwide is common the application of different Ca-containing materials to acid soils. Such
practice, known as liming, has given positive results in most cases, despite that each crop has its
own pattern of response. Even sugarcane, grown under very different edaphoclimatic conditions
of several countries, has given variable responses to liming (1).
In this paper are shown the results of a research program conducted over more than 15 years,
devoted to characterize soil acidity and critically test the effects of liming on soil chemical and
fertility properties as well as on sugarcane yields in the conditions of ferralitic soils intensively
cropped.
Experimental Procedure. The studies were carried out in the western sugarcane-growing areas
of Cuba, with an average rainfall of 1350 mm.year" , mean annual temperature of 24.5 C and
average relative humidity of 78 %. Ferralitic soils predominate, 6 types of them being selected,
according to their acid characteristics, to conduct pot and field experiments.
In lime-response trials different materials were used, such as lime (CaC03) and filter press mud
(a by-product of sugar industry).
Chemical, fertility and microbiological behaviour of soils was evaluated as well as nutrient status
and yields of sugarcane by the use of routine techniques. The results obtained were statistically
analized by means of regression and ANOVA procedures.
Results and Discussion. Soil chemical characterization revealed that acidic properties for cuban
ferralitic soils were related to the values of exchangeable Ca contents and hydrohtic acidity,
because there was no indication of the presence of toxic acidity (exchangeable A1 and Mn at high
values). Therefore, it can be stated that these soils will show acid characteristics when
exchangeable Ca-con tents are very low and/or hydrohtic acidity values are high.
Pot and field trials showed that, for all soils, liming reduced acidity by means of neutralizing
hydrolitic acidity, with a raise in pH, Ca contents and base saturation values, which confirms the
amending effects reported by several authors (2). It must be pointed out that liming effects had
reached top values one year after its application and, according to soil type, the best economical
effect was obtained with the use of 3 to 6 Lha' .
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Filter press mud appears to be a more effective liming material because of its organo-mineral
nature, that allows it to act, at the same time, as a nutrient supplier to soils, mainly with N, P, Ca
and Mg. Another advantage for the use of this material lies in the fact that it shows a residual
effect for more than 3 years after its application.
Also it was established that liming increased populations of bacteria and actinorayces and
lowered those of fungi. The nitrification process was also intensified (3).
Nevertheless, results from pot and field test, showed that liming was not effective, in general,
upon sugarcane yields. Only for one soil type (quartzitic ferralitic) a positive and significant
response was obtained. For the other soil types sugarcane production was not affected by lime
applications and even a significant decrease in yields was observed for a lixiviated red ferralitic
soil.
Regarding nutritional status of plants, no effect was found on leaf contents of N, P, K, Ca and
Mg by liming.
These results make evident that sugarcane production is independent of soil acidity, since the
already discussed neutralizing effect of lime on soil is not reflected in related rises of yields nor
in an enhancement of the nutrient content of plants. On the other hand, positive responses to
lime in quartzitic ferralitic soils are closely related to very low contents of exchangeable Ca (less
than 3.0 cmol.kg' ), so it can be established that for sugarcane production in ferralitic soils, lime
should be used only to mend any Ca deficiency in the soil and not to obtain an uncertain benefit
by raising pH values (4).
Conclussions. 1.- Acidity in cuban ferralitic soils is characterized by low contents of
exchangeable Ca and high values of hydrolitic acidity. 2 - Positive effects of liming for mending
soil acidity have been confirmed. 3.- Sugarcane yields showed response to lime only when
exchangeable Ca contents of soils are lower than 3.0 cmol.kg" .
Literature Cited
(1) Medina, N. 1980. Efectos de la acidez del suelo y su enmienda sobre la producción de cana
de azticar en dos suelos ferralfticos. Thesis for Dr. Agric. ScL, ISCAH, La Habana.
(2) Medina, N. and V. Paneque. 1983. Liming of acid ferralitic soils in Cuba. Proc 6th Int
Conf.:449-460. Inst Trop. Agric, Leipzig.
(3) Velazco, A., M. Martinez and V. Paneque. 1987. The effect of CaC03 application on the
soil microflora of different cuban soils under sugarcane. Proc 9th Int Symp. Soil Biol, and
Conserv. Biosphere:819-828, Akademiai Kiado, Budapest
(4) Medina, N., V. Paneque and M. Martinez. 1990. Acidez del suelo, encalado y producción
de cana de azticar en suelos ferralfticos de Cuba. Proc. lino. Cong. Latinoam. Ciencia del
Suelo, La Habana (in press).

250

EFFECT OF N H 4 / N 0 3 RATIO AND ACIDITY
CONTROL BY CARBONATES IN WHEAT PLANTS.

M. Sandoval , J. L. Tirado, G. Alcantar, and Santiago, T. J. Department of Soil Science, Colegio
de Postgraduados, 56230 Chapingo, Mex. Mexico.
Introduction. It has been established since last century that plants may utilize either ammonium
or nitrate salts as nitrogen sources. However, frecuently severe injury to plant root tissue is
caused by ammonium nutrition. When roots of highers plants are supplied with NH 4 , a substantial
increase in solution acidity occurs as a result of the rapid absorption of ammonium compared to
the absorption of associated anions. On the other hand, a small quantity of ammonium enhances the
physiological response of wheat (1). Thereafter the acidity is a strong limitant to use high
levels of N-NH4 in nutrient solutions. The incorporation of CaCOj into the nutrient solution has
proved to be an efficient way to maintain pH's solutions near neutrality (2). This study traces
the effect of NH4/NO3 ratio, and the quantity of carbonate that should be added to nutrient
solution to control the acidity. The study suppose that the use of CaC03 in nutrient solution
allow the utilization of high levels of ammonium. Besides, the convenience to set constant
against changing levels of CaCOj so that the acidity caused by ammonium absorbtion is a function
of plant metabolism intensity.
Materials and Methods. Three experiments under greenhouse conditions were conducted. Wheat plants
(cv 'Salamanca S-75') were grown in nutrient solutions. Experiment 1. nutrient solutions with five
different N H 4 / N 0 3 ratios (7/0, 5/2, 3.5/3.5, 2/5 and 0/7 meq L" 1 ) with a total N content of 7 meq
L were used. Experiment 2. using one NH4/NO3 ratio (3.5/3.5) CaC03 was added to nutrient
solutions (0, 1.5, 2.5, 3.5, 4.5 and 5.5 meq L ). Experiment 3. in this part the nexts NH4/NO1
ratios were used; 2/5, 3.5/3.5, and 5/2. In each one of them CaCOj was added, but in one part it
was constantly and the same NH 4 concentration (meq L ) during all development cycle of plants
(treatments 2/5C, 3.5/3.5C and 5/2C, Table 1). In the other part the level of CaC0 3 was variable
and its contents are indicated in the Table 1.

Table 1. Concentration of CaCOj in nutrient solutions, experiment 3.
NH4/NO3 ratio

Stage of Plant Growth
Tillering
Vegetative
. -1

meq 1^
2/5V
3.5/3.5C
3.5/3.5V
5/2C
5/2V

Flowering

2.0
1.0
3.5
1.5
5.0
3.0

, . Constant CaCO,
Changing CaCOj

251

2.0
1.5
3.5
2.5
5.0
4.0

2.0
2.0
3.5
3-5
5.0
5.0

Results and Discussion. In general in the experiment 1 the dry matter production (DMP) decrease
when the levels of N-NH 4 were high (Figure 1 A). However, the ratio 2/5 (NH 4 /N0 3 ,meq L" l ) enhances
the DMP. The results are according with other reports (3). In the second experiment an increase
in plants growth with ammonium nutrition ocurred when sufficient carbonate was provided to
maintain near-neutral conditions (3.5 meq L of CaC0 3 , Figure IB). Excessive carbonates, in the
growth medium, originated alkaline conditions and restrict the plant growth like in the 4.5 and
5.5 meq L' of CaCOj. Possibly the excess of CaC0 3 causes a increase of pH so that the solubility
of P and some micronutrients is reduced (4). In the third experiment the DMP showed two patterns.
When ammonium level was low the highest DMP was obtained with a constant carbonate concentration,
however in treatments with high level of NH 4 (3.5 and 5 meq L ) more DMP was obtained with
increasing levels of CaCOj. When the plants are young ammonium uptake is lower than when they are
adults, thus the resultant acidity is not considerable. That is why high levels of CaC0 3 produce
very alkaline conditions and restrict plant growth.

!

1 2 3 4 5

6 7 8 9

1011

121314151617

A: N H 4 / N 0 3 ratio; 1 - 0/7, 2=2/5, 3=3.5/3.5, 4=5/2, 5=7/0
B: CaCO, content; 6 = 0, 7=1.5, 8=2.5, 9=3.5, 10=4.5, 11=5.5
C: N H 4 / N 0 3 ratio; 12 = 2/5C, 13-2/5V, 14-3.5/3.5C, 15=3.5/3.5V,
16 = 5/2C; 17-5/2V
Figure 1. Influence of ammonium/nitrate ratio (A), of CaC0 3 level (B), and ammonium/nitrate level
under constant and changing CaC0 3 concentration (C) on grain and dry matter production in wheat
plants.
(1) Bock, B.R., J.J. Camberato, F.E. Below, W.L. Pan, and R.T. Koening. 1991. Wheat responses to
enhanced ammonium nutrition, p 93-106. In Effects of enhanced ammonium diets on growth and yield
of wheat and corn. Potash and Phosphate Institute. Atlanta, GA.
(2) Barker, A.V., R.J. Vol, and W.A. Jackson. 1966. Root environment as a regulatory factor in
ammonium assimilation by the bean plant. Plant Physiol. 41:1193-1199.
(3) Sandoval, V.M., G.Alcantar G., J.L. Tirado T., and A.Aguilar S. 1992. Effect of the N H 4 / N 0 3
ratio on GS and PEPCase activities and on dry matter production in wheat. J. Plant Nutx. 15:25452557.
(4) Marschner, H. 1986. Mineral nutrition of higher plants. Academic Press, London, 674 p.
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DIFFERENTIAL TOLERANCE OF SOME WHEAT
CULTIVARS TO SOIL ACIDITY ON ANDISOLS OF
CHILE
Cesar Venegas V. Facultad de Ciencias Agropecuarias
Universidad de La Frontera, Casilla 54-D. Temuco, Chile.
INTRODUCTION. Volcanic ash soils in Chile represent approximately 4.886.000 ha, where a high
percentage of the crops and pastures are produced. Because of natural conditions, these soils are acid
in nature, but for a decade, soil acidification has been increasing slowly but continously, up to the
point where aluminum toxicity has become an important growth limiting factor. Major causes for soil
acidity in this area are the intensive land use, inadecuate crop rotations, crop removal and leaching of
soil bases, and high rates of nitrogen as ammoniun sources. Species and cultivars have been reported
to differ in their tolerance or response to levels of aluminum in the soils. This experience was carried
out to identify the Al tolerance among some wheat cultivars sown in the spring season in southern
Chile.
MATERIALS AND METHODS. Four cultivars released by public and private breeding programs
(INIA and Campex BAER, respectively) and already distributed for at least four years to the fanners;
and a new cultivar released by the Universidad de La Frontera (UFRO) were included in this
research. A field study was carried out in Chilean Andisol soil, Pemehue, with low base content and
high Al % saturation (soil analysis: pH 5.5; Ca, Mg, K, and Al were 0.86, 0.20, 0.14, and 0.13 cmol
kg"*, respectively, and 10.4 % of Al saturation). The cultivars were grown under the same agronomic
practices, using the best production technology available. To obtain different acid environments, two
main treatments were used: ammonium nitrate and sodium nitrate plus lime (3.000 kg/ha).
To screen for aluminum tolerance, the wheat cultivars selected were evaluated according to the field
screening method developed at the National Rice an Bean Research Center of EMBRAPA, Goiania,
Brazil (Fageria and Barbosa, 1982). The method requires two levels of aluminum saturation. Grain
yields are related to soil aluminum saturation at the flowering stage of the crop being evaluated. The
tolerance to the aluminum toxicity (Alt) ' s calculates as follows:
Yield at Low % of Al - Yield at High % of Al
Al* =
Al Sat. of unlimed soil - Al Sat. of limed soil
The average yield at high % Al saturation and Alt are calculated to form the basis to divide the
diagram into gradients representing the four classifications described as either:
1. Tolerant and Responsive (TR): cultivars that yield well under the high Al level and respond well
to added lime.
2. Tolerant and Nonresponsive (TNR): cultivars that produce well under high Al level, but do not
respond to added lime.
3. Susceptible and Responsive (SR): cultivars that produce less under high Al levels, but respond
to added lime.
4. Susceptible and Nonresponsive (SNR): cultivars that perform poorly under high and low Al
levels.
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Table 1.

RESULTS AND DISCUSSION. The
results indicated important differences
among the cultivars evaluated (Table 1 and
Fig. 1), which also correlated with the
natural selection that farmers themselves
have done, adopting the more tolerant
varieties in their production systems. In
fact, Otto Baer and Dalcahue INI A, are the
cultivars largely sown in commercial fields
with acid soils. Root length, measured at
Zadoks et al 30 growing stage, shown
significant differences among the cultivars,
which correlated better with grain yield
than root and foliar dry weight.

Classification of some commercial wheat
cultivars to aluminum toxicity.
YIELD (kg/ha)

CULTIVAR

Lime
CLASS.»
Response
kg/%
AlSat.
TR
324
259
TR
SNR
172
197
TNR
301
SR

Low
High
%A1
%A1
Otto BAER
4199
6911
6420
UFROT-8
4252
5464
4029
Perquenco INIA
Dalcahue INI A
6199
4556
6402
3895
Colono BAER
5.86
Soil pH
5.33
% Al Saturation
4.78
13.14
* Classification: Fageria and Barbosa Method. 1982.
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Figure 1: Chilean Wheat cultivars classification in relation to Aluminum toxicity
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Root Bioassay as a Tool in Differentiating
Acid Soil Tolerance in Cereals
V. C. Baligarl*, L. BonaU, J. L. Ahlrichsl»3, R. J. Wright1»4, and N. K.
Fagerial>5 WSDA, ARS, Beckley, WV, USA; ^CRI-Szeged, Hungary,
3purdue University, West Lafayette, IN, USA; 4USDA, ARS, Beltsville, MD,
USA; and 5EMBRAPA-CNPAF, Goiania GO, Brazil
Introduction. In many parts of the world plant growth in acid soil is limited mainly because of
Al toxicity and deficiency of essential nutrients. Currently, there are no known reliable soil test
methods to assess the extent of soil acidity limits to plant growth. For successful crop
production on acid soils, one needs to know the magnitude of chemical constraints and
adaptability of chosen species or cultivars to that soil. In order to assess the compatibility of
these two variables, a short term and reliable root bioassay technique has been developed. A
series of experiments was undertaken using the with root bioassay to evaluate inter- and intraspecific differences in cereal species for their degree of tolerance to soil acidity.
Materials and Methods. Five experiments were undertaken with rye, oat, barley, wheat,
sorghum, millet, and corn. Cultivar and genotypic differences within the species were also
assessed with the root bioassay technique. The root bioassay technique consists of growing
pregerminated seeds having 1 mm root radicle in 200 mL plastic cups containing soil held at 33
kPa moisture tension. Pregermination was achieved by placing deionized water washed seed on
moist chromatographic paper. The cups were placed on trays containing moist paper towels and
covered with a plastic dome to provide a humid atmosphere. Plants were grown for 3 to 4 days
in a climatically controlled growth chamber set at 70% RH and 21°C with 12 h per day of 115
umols I"' m"2 light illumination. At harvest, the longest root of each seedling was measured,
and root lengths were averaged over all the seedlings of a cup and designated as average longest
root length (ALRL). An acid soil tolerant index (TI) was calculated by dividing ALRL in
unlimed soil by the ALRL of limed soil.
Results and Discussion. Six cereal species were tested in Experiment 1 using unlimed (pH =
4.2) and limed (pH = 5.1) acid soils (4). The following ranking of acid soil tolerance of cereal
species was obtained: rye > oat > millet > common wheat > barley > durum wheat.
In Experiment 2, soil acidity tolerance in two C3 (barley and wheat) and two C4 (sorghum and
corn) were tested in 10 unlimed and limed acid soils (3). In each of the species, an Al-tolerant
(T) and Al-nontolerant (NT) cultivar was included. Inter- and intra-specific differences were
observed for ALRL in all of the species. With the exception of corn, Al-tolerant cultivars
recorded higher tolerance (TI = 90-94%) than Al-nontolerant (TI = 70-79%) cultivars.
In Experiment 3, tolerance index of several genotypes of pearl millet and sorghum were
evaluated in moderately toxic Rarden soil (pH = 4.6) and toxic Porter soil (pH = 4.5), and
results were related to root elongation in a nontoxic Cecil soil (pH = 5.6) (1). Pearl millet
entries gave TI of 90% compared to TI of 29% for sorghum in a toxic Porter soil. Pearl millet
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appears to be more tolerant of Al-toxic soil than sorghum.
In Experiment 4, 60 entries of common wheat and 22 entries of durum wheat were tested in an
unlimed (pH = 4.2) and limed (pH = 5.1) acid soil (5). Genotypes exhibited a range of tolerance
to soil acidity. Overall, common wheat was more tolerant to soil acidity that durum wheat
entries (Table 1).
Table 1. Range of tolerance index in common and durum wheat.
Tolerance Index T
MT
I
MS
S
Common Wheat 94-97(5)
75-89(8)
57-72(18)
45-56(20)
32-44(9)
Durum Wheat
0
0
59-69 (3)
48-57 (10)
36-45 (9)
T = Tolerant, MT = Moderately tolerant, I = Intermediate, MS = Moderately sensitive,
S = Sensitive. ( ) Indicates total number of genotypes.
In Experiment 5, the discrimination of the bioassay was compared with field and greenhouse
studies on acid soil tolerance of sorghum genotypes done at an earlier date in Brazil (2). Of an
original 40 genotypes, seed of 26 was still available for the bioassay study. The six most Altolerant and six of the more Al-sensitive in the bioassay were also on the list of most tolerant
and most sensitive respectively by the field and greenhouse data, thus, verifying the efficacy of
the bioassay screening.
The root bioassay technique adapted in these studies has great potential for differentiating acid
soil tolerance among and within cereal species.
Literature Cited.
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USE OF LOCALLY AVAILABLE CORALLINE LIME AS
A SOIL AMENDMENT FOR ACID SOILS OF
WESTERN SAMOA
A.W. Bekker and L.G.G. Yapa
Alafua Campus, University of the South Pacific, Western Samoa
Introduction: Factors that make acid soils infertile include Al and Mn toxicities, Ca and/or
Mn deficiencies and perhaps P and Mo deficiencies (Hue et al., 1978). Though Al is not a
serious problem in acid soils of Western Samoa, research findings reveal that Mn toxicity
and Ca deficiency may hinder crop growth (Bekker and Chase, 1992). Thus, lime
applications have been recommended for a number of crops grown in Samoan soils. The
objective of this study was to investigate the effects of locally available coralline lime on the
production of peanuts (field-grown) in three highly leached Samoan soils.
Materials and Methods. Three sites on the island of Upolu, Western Samoa, having
exchangeable Ca <2 cmol( + )/kg were selected: namely, Tiavi soil (Humitropept),
Togitogiga soil (Acroperox), and the third was Fagaga soil (Humitropept). Scieened (10
mm) locally available coralline lime was broadcasted at four rates: 0, 555, 2222 and 5000
kg/ha. This liming material contained about 31% Ca and 1.7% Mg. In a similar set of lime
treatments a micronutrient treatment was included (Cu and Zn , 3 kg each/ha). The
experiment had eight treatments with three replicates in a randomized complete block
design. Table 1 shows some important chemical characteristics of the three soils. Coralline
lime and micronutrients were applied 6 weeks before planting. The ripe pods were
harvested after 3.5-4.5 months of growth. Air dry pod yield, total dry matter yield and seed
quality were determined. Recently matured leaves of peanuts were collected 2-3 weeks
before harvest and analyzed for P, Ca, Mg, K, Fe, Mn, Zn and Cu. Soil samples weje, (taken
for analysis as well.
Table 1. Selected Chemical Properties of three Western Samoan Soils used in the experiment

Soils

pH
....(1:1)
(water) (KCI)

(1:50)
(NaF)

K
Ca
Mg
..(NH4OAc pH = 7)..
...(cmol(+)/kg...

AJ
1N KCI

Tiavl
Togitogiga
Lotofaga

5i5
5.1
5.4

Té
8.4
8.9

OÏ
0.1
0.1

ÖÖ7
n.d.
0.07

4Ü
5.1
4.8

08
0.5
0.8

04
0.2
0.7

n.d. • not detectable

Results and Discussion: The three experimental sites varied widely in their physical
conditions which possibly affected yield. In July - September 1992, during the time of the
trial, southeast trade winds caused perpetual rain in Lotofaga which possibly affected
flowering and thus pod yield. The high elevation of Tiavi was associated with lower soil and
air temperatures. This lengthened the growing season from the normal 14 weeks to more
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than 18 weeks, which might have caused a relatively high pod yield in Tiavi. Peanut yields
increased significantly with lime applications in the Togitogiga soil. The unlimed treatment
in this soil had poor germination: only 61% of the seeds germinated and survived after 10
days, as compared to 78-79% in the limed treatments (LSD5% = 4%). Lotofaga and Tiavi
unlimed soils showed high germination, and liming did not affect germination (about 90%).
Furthermore, in the unlimed plots of the Togitogiga soil, the peanut crop produced many
empty pods or pods with badly developed seeds. The shelling percentage [i.e. (seed
weight/total pod weight) x 100] of the unlimed crop was only 30%, as compared to 66-68%
in the limed treatments (LSD5% = 11%). Application of 555 kg coralline lime/ha to the
Togitogiga soil increased air dried pod yield of peanut by 6 fold. The yield continued to
increase at 2222 and 5000 kg/ha of applied lime but these increases were not statistically
significant. Tiavi and Lotofaga soil did not respond to lime. The application of Zn and Cu
did not significantly increase peanut yield in all three soils.
Plant nutrient composition (Table 2) indicated that liming significantly increased Ca
concentrations from 1% to 3.8% and decreased Mn levels from 687 mg kg"1 to 244 mg kg"1
in peanuts grown in the Togitogiga soil. The high Mn concentrations in the plants that were
growing in unlimed Togitogiga soil were expected to be toxic. Lime applications decreased
plant Mn, without a significant decrease in soil pH and extractable Mn. It was therefore
confirmed that the increased Ca concentration in the soil solution due to liming (data not
presented) alleviated manganese toxicity by decreasing root sorption and/or Mn
translocation into the shoots. When the results of other experiments conducted in 1991 and
1992 were considered, the critical value for exchangeable Ca was found to, be 1.5
cmol( + )/kg. The Lotofaga and Tiavi soils both had more Ca than this critical level. It was
therefore not surprising that the response to liming in the Ca-deficient Togitogiga soil was
an order of magnitude higher than in the other two soils. There were no significant
interactions between lime and micronutrient applications in any of the three soils.
Table 2 .

E f f e c t s of t i n e end • i c r o n u t r i e n t applications to Togitogiga s o i l on y i e l d
of peanuts and plant composition

SOIL AMENDMENTS

TOGITOGIGA site:

YIELD

LEAF COMPOSITION

Pods
Dry
Good
Air Dry Matter seed
....(kg/3m')... (%)

P

K
Ca
.... (X) ....

Mg

Fe

Mn
Zn
(mg/kg >.

Cu

LIME:
0 (control)
555 kg/ha
2222 kg/ha
5000 kg/ha

0.11
0.60
0.71
0.73

1.68
1.94
2.00

25
81
92
93

0.18
0.19
0.19
0.19

1.56
1.93
1.64
1.56

1.00
2.32
3.11
3.77

0.58
0.56
0.42
0.38

122
145
125
161

687
475
311
244

48
36
29
27

12
11
9
10

L.S.0.-5X

0.18

0.38

19

n.s.

0.18

0.26

0.05

n.s

80

15

n.s.

1.41
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Bakker, AW. and R.G. Chase 1992. Some aspects of the use of coralline lime in liming experiments. Annual Research Report, USP,
AJafua Campus, Western Samoa.
Hue, N.V., R.L. Fox and W.W. McCall 1978. Aluminum, Ca and Mn concentrations In macadamla seedlings as affected by soil acidity
and liming. Commun. Soil Sci. Plant Anal. 20:1499-1511 .
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RESPONSE OF ACID-TOLERANT CIMMYT MAIZE
TO SOURCES AND LEVELS OF PHOSPHORUS
L.A. León. Consultant. CIMMYT South American Maize Program, c/o CIAT, A.A.
6713, Cali, Colombia, S.A.

Introduction. In many of the warm lowland soils of Tropical Latin America with high annual
rainfall, nutrient deficiencies are common with phosphorus (P) being the most important (2).
The topography and physical conditions of these soils are excellent for planting annual crops
such as maize, but their chemical properties limit yields of improved varieties (1). Acid soil
tolerant varieties developed by CIMMYT in South America produce aceptable economic yields
under conditions of high Al saturation and low fertilizer inputs, but are able to produce high
yields if appropriate nutrients such as P, N, K, Ca, Mg, S, and micronutrients are supplied to
the soil. Responses to P sources and P rates are very important for the new varieties in these
very low available P soils, and residual effects of the P applied are relevant to economic studies
when sustainability of crop production and of soil properties are two of the objectives of a crop
improvement program.
Materials and Methods. The experiment was established in a Tropeptic haplorthox located in
the Eastern Plains of Colombia. A CIMMYT acid soil-tolerant variety, SA3, was tested using
50, 100, and 150 kg P/ha of P sources such as TSP, Huila-Colombia phosphate rock (HPR),
Capinota-Bolivia PR (CPR), partially acidulated, 50% HPR (PAHPR), partially acidulated,
50% CPR (PACPR), compacted HPR with TSP (HPR + TSP) and compacted CPR with TSP
(CPR + TSP). After the first harvest in 1990, the same variety was planted in 1991 and the
experimental plots were divided in two. One new plot (A) was treated with the same P dosis
and sources used for the first crop, and the other (B) did not received any P fertilizers in order
to study the residual effect fo the previous P fertilization.
Results and discussion. The soil was low in available P (7.6 ppm P-Bray I) and the Al
saturation was 75% after an initial application of 300 kg/ha of dolomitic lime. Figure 1 shows
the response of the new maize variety to increasing rates of P when TSP was used as P source.
Almost identical responses were obtained when PAPRs or compacted PRS with TSP were used
as P sources, for the first crop. Yields obtained when PRs were used were significantly lower
than yields produced when other P sources were applied. Table 1 presents a summary of the
results obtained for the first and second crops. In general yields obtained for the second crop,
with replications al P were lower than yields obtained for the first crop, but no significantly
diferent. Yields when no P was applied for the second crop were lower than yields for the first
crop showing a very poor residual effect of the P sources used. Best residual effect was
obtained using CPR+TSP. Similar results were obtained when TSP and PAPRs were used.
Results not shown here indicate that the use of TSP and PAPRs tend to increase the
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exchangeable Ca and reduce the Al saturation in the soil. Best results were obtained when the
Al saturation was around 45% but relatively high yields were produced when the soil presented
an Al saturation of 50 to 55%.
Table 1. Response of CIMMYT maize, SA3 variety to P sources using 100 kg P/ha in a
Tropeptic haplorthox from the Colombian Eastern Plains.
GRAIN YIELD Kg/ha
P Source

1990 2

nd

SEM.

1991 1" SEM.

X

A,

A2

B

A

A,-B

C

TSP

2521

2073

1323

2297

1198

0.45

HPR

923

1099

592

1011

331

0.36

CPR

1086

1011

636

1049

450

0.42

PAHPR

2557

2161

1344

2359

1213

0.47

PACPR

2370

1613

1231

1992

1139

0.48

HPR+TSP

2085

2140

720

2113

1365

0.66

CPR+TSP

2428

2702

2023

2565

405

0.17

CHECK

343

615

395

479

-52

0.15

A = Means of yields A[ and A2; A2 = Yields with P reaplication
B = Yields without P reaplication; Ai-B = diference in yield from the first to
secondcrop; C= A,-B/A,= Residual effect index.
Apparently the residual effect of the P sources
is due not only to the P which remains available
in the soil but also to the increase in
exchangeable Ca. The improved variety SA3
responded not only to soluble P sources.
Partially acidulated PRs of poor quality or
mixtures of PRs with soluble P sources could be
used as an alternative to increase yields of new
acid soil tolerant varieties in soils with very low
available P, and around 75% Al saturation.
Fig. 1. Response of SA3 Maize variety to P rates, applied as TSP
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Potassium Buffering Capacity as Affected by Soil Acidity
J. E. Dufey*, M. Mistiaen, J. Genon, and L. Opdecamp. University of Louvain,
Soil Science Unit, Place Croix du Sud 2110, B-1348 Louvain-la-Neuve, Belgium.
Introduction. The capacity of soil for supplying plants with potassium depends, among other
factors, on the rate at which soil solution can be replenished from surface or solid phases to
compensate K uptake. In this respect, Quantity/Intensity (Q/I) curves can be used to assess
quantitatively the "Potassium Buffering Capacity" (PBC), i.e. the ability of soil to buffer
variations of K activity in its solution phase. The PBC arises from various sources : cation
exchange capacity, K exchange selectivity, K fixation and release, composition of exchange
complex ... The purpose of this note is to assess the influence of soil acidity on PBC and to relate
this fundamental and useful characteristic to other soil properties.
Materials and Methods. This study was conducted on two series of soil samples. The first series
consisted of ten surface horizons from Burundi. All selected soils key out as Ultisols, but their
different land use histories resulted in different acidity levels ranging from pH 4.4 to pH 5.6
(soikwater 1:5). The second series was composed of ten soil samples prepared in the laboratory
by acidifying or liming a sandy loam colluvium from Louvain-la-Neuve (Belgium); the final pH
range was 3.6 to 4.9.
Quantity/Intensity curves were obtained by equilibrating 2.5 g dry soil with 25 mL KCl-CaCl2
solutions at different K/Ca ratios and 0.01 M CI concentration. Potassium, Ca, and Mg
concentrations were measured in the solution phase. The intensity term, often called "Potassium
Adsorption Ratio" was calculated as ARK=(K)(Ca+Mg)~1/2, with the concentrations in mol.L"1;
the quantity term, AK (cmolc.kg1) was calculated as the difference between the added K and the
K content in solution at equilibrium.
Results and Discussion. The relationships between AK and ARR were fairly linear in most cases,
so that PBC was given by the slope of AK vs ARK lines. Both series of data led to similar
conclusions. PBC was highly correlated with all soil properties that are closely depending on soil
acidity. As shown in figure 1, PBC increased linearly with soil pH, decreased with Al loading (as
expressed by the KCl-extractable Al), and increased with the sum of exchangeable bases. These
results are qualitatively compatible with a simple model of exchange between K and Ca/Mg ions
considered as a single pool of divalent cations (D). Indeed, according to the Gapon's formulation
Soil-Di/2 + K+
Soil-K + 1/2 D*+
where "Soil" represents one mol c of soil saturated with Ca/Mg or K, the Q/I relationship for
potassium is given by (Evangelou and Karathanasis, 1986)
K £X =^ G .(Ca ex + Mge]O.ARK
[1]
where KeX, CaeX, and Mg ex (cmolc-kg-1) refer to the adsorbed cations, KQ is the Gapon selectivity
coefficient. Notice that for rigorous thermodynamic treatment, ARK should be defined in terms of
activities instead of concentrations, but this does not provide any additional information in studies
like that reported here. For linear Q/I relationships interpreted according to an exchange model,
-AK at A R K = 0 can be considered as the exchangeable K in the untreated soil (KeX>o), so that
AK=KeX-KeX,o, and the potassium buffering capacity (PBC) calculated as the slope of AK vs ARK
is given by
PBC = ^G(Caex+MgeX)
[2]
Consequently, the variations of PBC shown in figure 1 are most likely due to the "masking" effect
of Al on the exchange complex, which reduces the available sites for K-Ca-Mg exchanges.
Estimations of KG variations with soil acidity can be obtained from linear regressions of PBC vs
Caejc+Mge* Indeed if
PBC = a + b,(Ca«tfMgex)
[3]
where a and b are regression coefficients, combining Eq.[2] and Eq.[3] gives
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X G = b + a/(CaeX+Mgex)
[4]
For the series of soils from Burundi, we found a=8.1 and b=2.1, and for the series from Belgium,
we found a=4.0 and b=4.8 . This means that the selectivity for potassium as expressed by KG
increased with decreasing CaeX+Mgex, i.e. with decreasing pH. However this enhancement of K
selectivity (with respect to Ca and Mg) upon acidification did not result in net PBC increase
because it was more than offset by the decrease in base cation saturation.
These results draw attention to the necessity of adapting K fertilization (if needed) to the
acidity status of soils. According to the Q/I curves obtained in this work, acid soils would require
more frequent split dressing of K fertilizers than the non-acid soils of the same type.
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Hg. 1. Potassium buffering capacity (PBC, cmolc.kg'l.moH'^L^) as a function of soil pH, extractable Al, and sum
of exchangeable bases for soil series from Burundi (left) and Belgium (right).
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Predicting Amelioration of Subsoil Acidity Using Gypsum on
Sandy soils in Low Rainfall Regions
C. D. A. McLay and G. S. P. Ritchie. Department of Soil Science and Plant
Nutrition, University of Western Australia, Nedlands, W. A. 6009
Introduction
Subsoil acidity decreases wheat yields in a large area (c. 106 ha) of deep yellow sandplain soils
(Aquic hapludox) in the eastern wheatbelt of Western Australia. Previous research into
amelioration of subsoil acidity around the world has mainly been in medium to high rainfall
areas, and no models have been reported to predict the response of crops to ameliorants. In the
eastern wheatbelt of Western Australia where yellow sandplain soils occur, the annual rainfall is
very low (c. 300 mm) and the soils are sandy textured (81% sand at 0-10 cm; 72% sand at 15-25
cm) with subsoils (below 15 cm depth) which have low organic matter contents (< 0.2%), low pH
(< pH 4.0) and a high concentration of aluminium (> 30^.M). Previous research (Carr et al.,
1991) has shown that Al toxicity in the subsoil is responsible for low wheat yields on yellow
sandplain soils and that a soil test, Al-r/EC at a depth of 15-25 cm, could be used to predict wheat
yields in unamended yellow sandplain soils (where Alx is the concentration of total Al in a 1:5
soil:0.005 M KC1 extract and EC is the electrical conductivity (\iS cm 1 ) in a 1:5 soil:water
extract). The aim of this paper is to report a soil test which has been developed which can predict
wheat responses to amelioration of subsoil acidity using surface applied gypsum or lime and a
model which predicts the longevity of wheat responses to different rates of gypsum application.
Materials and methods
Field trials were established on yellow sandplain soils in the eastern wheatbelt of Western
Australia in 1989. Treatments included different rates, sources and combinations of gypsum and
lime which were applied in a single surface application at the start of the growing season (April)
in 1989. Wheat (Triticum aestivum c.v. Gutha) was grown in a 2:1 rotation with lupins (Lupinus
angustifolius c.v. gungurru) in accordance with the local district practice. Plants were harvested
in November-December. Basal fertiliser applications have been described by Carr et al. (1991).
Soil samples were collected up to 1 m depth annually at the start of each growing season and
analysed for soil solution chemical properties.
Results and Discussion
A surface application of gypsum (at rates of 3 t ha-1 or higher) increased wheat yields by up to
45% in the first two years following a single surface application. Lime, in contrast, increased
wheat yields by only 15% over the same period. The highest yields (up to 77% higher than
controls) were generally recorded when gypsum and lime were added together. These results
indicate that gypsum can ameliorate subsoil acidity in low rainfall regions. In contrast to wheat,
lupin yields were decreased by the application of gypsum. Research is continuing to establish the
cause of the problem for lupins.
Soil chemical analysis showed that leaching of gypsum dissolution products increased ionic
strength in the soil solution of the subsoil and was a major factor decreasing aluminum toxicity to
wheat in the field in the presence of gypsum. The ratio Al-r/EC at 15-25 cm could be used for
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predicting wheat responses to the surface applied ameliorants. The EC at 15-25 cm was related
(r2=0.82) to the gypsum application rate (GR) and time (t) as follows:
EC = 23.3 GR/t + 44.3

equation 1

It is possible, therefore, to predict the effect that gypsum has on ameliorating subsoil aluminium
toxicity and increasing wheat yields on yellow sandplain soils.
References
Carr, S.J., Ritchie, G.S.P and Porter, W.M. (1991). A soil test for aluminium toxicity in acidic
subsoils of yellow earths in Western Australia. Aust. J. Soil Res. 42, 875-92.

264

Response of Com to Lime or Manure Addition in Six Creek Acid
Soils
K. Tsakelidou. Soil Science Institute, 541 10 Thessaloniki, Greece.
Introduction. Low pH, toxicity of Al, and deficiency of Ca are the major limiting
factors for crop growth in acid soils. Liming has been a common practice to correct
soil acidity. Nevertheless, it has been also found to cause negative effects on
plant growth and soil properties. Studies have recently shown that amelioration of
soil acidity bei organic matter (OM) could be another alternative approach because
of the ability of OM to reduce Al toxicity ' . Large areas of Northern Greece are
covered by acid soils and many of them may contain toxic levels of Al. In this
study the effects of lime or manure on the pH, exchangeable (exch.) Al, and corn
growth were evaluated.
Materials and Methods. Soil samples (0-30cm) were taken from farmer's fields
throughout Northern Greece. Selected physical and chemical properties are listed
in Table 1. Triplicate soil samples were potted (2kg/pot) and incubated in a
greenhouse at field capacity with increasing amounts of pure CaC03 or manure for 6
weeks. Afterwards, soil pH and exch. Al were determined. After a uniform complete
fertilization seeds of the corn cultivar "Aris" were planted. Two additional
applications of N were topdressed during cropping. 10 weeks after planting the
plants were cut, dried at 70 C, and weighed. Analysis of variance and correlation
were used to analyze the plant growth and soil data.
Results and Discussion. The addition of lime in the soils studied, as expected,
produced increases in pH and decreases in exch. Al. The same did that of manure.
For the reasons that Ca was sufficiently added to all soils and treatments in form
of fertilization, the response of corn to lime or manure application was supposed
to be an indicator of Al toxicity .
Correlations between tops dry matter yield and pH or exch. Al in both ways of soil
amelioration were variable among the soils. Hohever, when the data for all soils
were combined, the above mentioned correlations were highly significant (Table 2 ) .
The application of increasing amounts of lime (up to 6.4 g/pot) and manure (up to
26 g/pot) in the soils studied caused a progressive increase in dry matter
production which was statistically significant. However, the maximum yield did not
correspond with maximum pH while optimum plant growth conditions occured for lime
and manure addition at pH 6.2 and 5.4, respectively (Table 3 ) .
As it was previously reported the beneficial effects of manure can be attributed
to complexing of Al by components of the OM . According to AHMAD and TAN (1986), OM
is as effective as lime. It is of interest that in the present study the OM
addition resulted in a higher dry matter production than did that of lime. This is
also grafically shown in Fig.1. A close examination of the curves, however, shows
in the case of manure a linear increase (corresponded with Al decrease) in relative
yield. Furthermore, as opposed to lime rates, the noteworthy similarity of the
relationship of manure rates to relative corn yields for all soils suggests that
amelioration of soil acidity by manure remains valid for a wide range of soils from
different geographic location and with different characteristics.
In conclusion, the results of this study indicate that manure treatments yielded
better results than lime treatments.
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Table 1: Some properties of the soils used in
this study
Soil

OM* Clay

Sand

X
Kilkis
"
"
Deskati
»
Serres

1
2
3
1
2

1.68
1.53
2.57
2.15
1.56
1.78

14.4
16.4
28.4
24.4
4.0
7.2

64.8
58.8
48.8
44.4
56.6
79.2

Exch.
Al
Ca
Mg 1 Sat
meq/100g X
13.1
11.8
21.4
17.8
14.0
7.2

3.4 17.5
3.5 13.3
6.1 2.4
9.0 4.5
3.6 1.5
2.5 27.9
'S

*

matter
Organic
Table 2: Correlation Coefficients (r ) between tops
dry matter yield of corn and Soil pH or exch. Al
pH 8

Soils

MANURE
pH

Alb

yield 0.75*** -0.85***
»
-0.04... 0.08...
"
0.74 -0.72
3
"
0.38.. -0.39
Deskati 1
»
0.61.. -0.22...
2
»
0.59 -0.76
Serres
Kilkis 1

„

2

...

All soils
a

...

»
0.45 -0.49
pH value of 1:1 soil: water (u/v)
extracted with 1N KCl

* ** ***Significant

£gi

Alb

...

0.84.
0.59.
0.61,
0.64
0.12..
0.72
0.56

1
!

***
-0.71.
-0.96..
-0.62,.
-0.76
-0.10...
-0.85

...

70^

£
1
if,

...

-0.74

Exchangeable Al

at the 0.05, 0.01 and 0.001 le-

vels, respectively

0

10 20 30 40 50 60
0 1 0 2 0 X 4 0 5 0 6 0
lime or Organic material fOM) added g/pot

Fig. 1: The relationship between lime or manure
rates and relative tops dry matter yield of corn
Table 3: Tops dry matter yield of corn (g/pot), soil pH, and exchangeable Al as functions of lime or manure
application on six Greek acid soils
Rate Kilkis 1
9/ yield
pH
pot

AL

Kilkis 2
. yield
pH Al

Kilkis 3
yield
pH

Al

Deskati 1
yield
pH Al

Serres
Deskati 2
yield
yield
pH Al
pH

Lint
40.8 4.2
49.7 5.5
53.7 6.2
51.7 6.6
48.6 6.9
12.8 53.4 7.1

0
3.2
4.8
6.4
9.6

3.50
0.21
0.11
0.12
0.29
0.06

46.3 4.3 2.34
48.0 5.4 0.17
39.1 6.1 0.09
48.0 6.4 0.08
45.9 6.7 0.09
46.8 6.9 0.09

0M
0 40.8 4.2 3.50 46.3
13 50.3 4.6 0.81 50.6
26 53.8 5.3 0.21 52.9
52 54.5 6.0 0.18 52.8

4.3 2.34
4.8 0.81
5.2 0.20
6.1 0.15

All soils
yield

Al

P«

Al
0.22
1.96a
0.23b
0.10b
0.11b
0.15b
0.10b

LSD 2.08 6.01
3.76 44.4c 4.3d
1.49 50.4b 4.9c
0.27 52.8a 5.4b
0.19 52.0ab 6.0a

0.18
1.96a
0.65b
0.19c
0.16c

48.5
52.5
56.2
56.9
58.4
54.9

4.4 0.67
5.3 0.14
5.9 0.10
6.2 0.11
6.5 0.10
6.8 0.10

44.5
47.1
48.7
50.8
47.4
46.2

4.3 1.25
5.3 0.15
6.2 0.10
6.5 0.08
6.7 0.11
6.8 0.11

49.3
47.5
52.8
53.4
57.3
57.1

5.0
6.4
6.7
6.8
6.9
6.6

0.26
0.11
0.10
0.11
0.14
0.12

37.1
46.8
44.6
44.6
48.1
44.8

LSD 1.77 6.24
3.8 3.76 44.7c 4.3f
4.8 0.58 48.6b 5.4e
5.9 0.12 49.2ab 6.2d
6.2 0.11
50.9a 6.4c
6.6 0.19 50.9a 6.7b
6.8 0.15 50.5a 6.9a

48.5
51.7
55.9
55.8

4.4
4.9
5.3
5.8

44.5
51.9
53.7
53.0

4.3 1.25
4.9 0.40
5.3 0.18
5.9 0.16

49.3
50.7
53.6
48.8

5.0
6.0
6.3
6.6

0.26
0.14
0.15
0.13

37.1
46.9
46.6
47.2

3.8
4.5
5.2
5.9

0.67
0.24
0.14
0.14

pH value of a 1:1 soil: water (w/v)
Exchangeable Al (meq/IOOg soil), extracted with IN KCl
Means of all soils followed by the same letter within the vertical column are not significantly different for dry
natter yield and exch. Al at the 0.05 and 0.01 level respectively, according to Duncan's multible range test.
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PASTURE GRASSES RESPONSE TO P-FERTILIZATION
OF LIMING ACID SOILS WITH HIGH Al CONTENT OF
SOUTHERN CHILE
Rolando.Demanet F.*(l). and M. de la Luz Mora(2) (l)Facultad de Ciencias
Agropecuarias, (2) Facultad de Ingenieria, Universidad de La Frontera, Casilla 54 D,
Temuco, Chile
Introduction. Acid soil infertility in South of Chile now is a major limitation to crop production
(Mora, 1993). Therefore the factors limit the fertility of these soils are impoverished nutrient status
and the presence of phytotoxic Al substances. A major characteristic of Al toxicity is inhibition of the
uptake and translocation of P by plants. The practice of liming in volcanic Chilean soils increases in
the last two years. But, it is not clear if the liming improve the P availability by plants or increase plant
in P uptake by decreasing Al toxicity as proposed by Haynes (1984) and furthermore decreasing Al
absorption by plants (Demanet and Mora, unpublished data). However, overliming can produce a
decrease P availability by generating new formed active surfaces by precipitation of exchangeable
A P + as polimeric hydroxy-Al cations. Furthermore, in overliming soil, an important precipitation
reaction could be increased fixation of phosphate due to the formation of relatively insoluble calcium
phosphates (Haynes, 1984). The aim of this study is to evaluate the effect of liming and P fertilizer
level on pasture grass production in acid Chilean soil.
Material and Methods. Three acidificated cultivated Andisols, Pemehue, Freire and Piedras Negras ,
from southern Chile were sampled to 0-10 cm depth and its characteristics are shown in Table 1.
Incubation with lime: The soils were incubated with 0, 2000 and 4000 kg/ha equivalent level of lime
for 24 h at 60°C and reincubated with
phosphate at 0, 250 and 500 ppm of P
TABLE 1. Some chemical characteristics on the
rates, by 24 h at 60°C (Barrow and
Chilean Andisols
Cox, 1990). Greenhouse study was carried Sou
P(ppm) Al (ppm) % Sat.Al
PH*
out in pots of 1 kg by using 0, 2000 and
5,28
20
108
32
4000 kg/ha equivalent level of lime and 0, Freire
250 and 500 ppm of P, simulating high P Pemehue 5,45
7
18
11
concentration localized in the crop row
10
6
30
The grass used was italian ryegrass iLolium P.Negras 5,50
1
multiflorum L.) cultivar Concord. Soil from
Water pH
incubations and pots were analized at the
end of the experiment in order to determine labil P (Olsen in incubated soil), residual P (Olsen), pH
and Al exchange extracted by KC1 solutions. Plant material from the pots was dried to 60 °C by 48 h
and weighted for obtaining the yield (% DM.) and the Ca and P shoot concentrations were
determined.
Results and Discussion. P availability from phosphate fertilizer increased with the pH increase with
lime aplication up to near pH 6 for the soils studied. However, with 4000 kg/ha of lime the labil P
level decreased in incubated soils. Consequently, residual P in soils from greenhouse experiments also
decreased (Figure 1), probably as a consequence of major P fixation in calcium phosphate or in newly
formed surfaces of the Al-polymers (Haynes, 1984)
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The grass yield was affected by phosphate on all
the soils and there was a corresponding response in
P-uptake (Parfitt et al,1989). Therefore, dry matter
was always greater in Freire soil than the other
ones due to the major initial P level (20 ppm) and
the response to the lime was also higher as a
consequence of the high Al saturation (37.8 %)
level in this soil (Figure 2), exhibiting a limephosphate interaction (significant at 0.1 % level. In
Pemehue soil and Piedras Negras soil there was
less Al saturation, the availability P level was
decisive in the yield and the effect of the liming was
important up to 2000 kg/ha. (Figure 3), but not
statically significant, according to the results of Perrot and Mansell (1989). Although, the P Olsen
decreased at 4000 kg/ha of lime, the P-absorption by plants was grater due to the best root
development. But, the major P absorption was in the Freire soil, according to the P higher level in this
soil. In summary the lime promoted an increase in P availability from native and fertilizer in labil and
residual phosphate up to pH 6. Furthermore, the production of ryegrass responsed to the liming
aplications at high P level only when the Al content in the soil is also higher.

0

Fig. 2.

UaftM
Response of ryegrass (D. M) to applied P
and Lime on Freire soils.

2000

4000

Uma (kg/ha)

Fig. 3. Response of ryegrass (D. M.) to applied P and
Lime on Pemehue soils.
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Effects of Broiler Manure, Fertilizer and Lime on Maize Yield in
an Acid Soil of the Central Region in Jalisco, Mexico.
V. Palacios G, D. R. Gonzalez, and L. E. Valdez. I nstituto National e Investigcdones
Forestdesy Agropecuarias, México.
Introduction.
An agronomic factor that affects
maize yields is the
excesive
soil acidity,
associated
with higher amounts of
active
aluminum. This element, that is toxic to plants, makes some cations
(i.e. Ca, Mg, K) more susceptible
to leaching and soil fertility
is
reduced (Adams, 1984; Barber, 1967; Fassbender,
1975).
Excesive
40% of land cultivated
by mayze
soil acidity
affects
approximately
crop in Jalisco,
principal
state of maize production in Mexico. In
the other hand, the intensive
management of soils in this
region
decrease the organic matter levels which affect soil fertility.
For
these reasons,
it was necessary to evaluate the effects
of
lime,
broiler manure and fertilizers
as a mean to restore soil
fertility
and grain
yield.
Materials
and methods. A field study was conducted for four
years
on a Regosol
(pH=5.7) in Nextipac
location,
municipality
of
Zapopan, in the central region of Jalisco.
Main treatments
of two
rates of broiler
manure (0 and 6 ton/ha on a dry weight
basis),
were arranged
in a split-strip
plot
design
with split
plot
(0-0-0 and 200-69-0),
and
treatments
of two rates of NPK fertilizer
strip plot treatments
of four lime rates (0,1,2 and 3 ton/ha of
physical and chemical soil caracteristics
were
CaC03) . The initial
determined in this work, and lastly each 20 days soil samples were
taken to determinate
possible
changes in some variables.
In maize
crop, heigth of plant and grain yield and dry matter were measured.
Results and
discussion.
In this paper only
grain
yield data are
discussed.
A combined
analysis
of
variance shows that
years
factor
was
highly
significant
(P<0.01),
detecting
the
great
climatic variability
which
affected
maize
production
between
1989 and
1992.
Broiler
manure
increased
the grain yield in 25% and
it was a consistent
factor
across
time,
coinciding
with
several
authors
(Mestanza,
19 7 3;
Villarroel,
1979;

Effact* ofBroiler Manure, Limaaad rartiHaar on UaiMa Grain
Yield. 1989-91
10

«f eaadtom •

0 1 i 3
A B
CaC03 (toolhaj
A-S00S9-0
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CaCOS(ton/ha)
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»

Gonz&lez and Naranjo, 1988). In the other hand, liming alone did
not affect grain yield, but the lime-manure interaction
was highly
significant
(P<0.01), showing a higher maize response to liming in
treatment
without
manitre, coinciding
with Gonzalez and Naranjo
results
(1988). Fertilizer
significantly
affected
grain yield
as
between manure and fertilizer
was observed;
well. No interactions
maize response
to manure was consistent
and similar
in
both
fertilizer
treatments.
These results
confirm that use of
broiler
manure can reduces amounts of inorganic fertilizers
used in maize
crop, and that the combined use of these products could
increase
grain yields in 20%.
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Tropical Acid Soils and its Liming in Cuba
L.E. Morejón', Alida Mileral, Hortensia Esquijarosa 1, Maria
PortaU, Juan Paneque? y R. Delgado Diaz3. Dpto. Mejoramiento y
Conservation de Suelos. Inst, de Suelos. Apdo. 8022. C. Habana, Cubal-Centro
National de Suelos y Fertllizantes. Ministerio de la Agricultura, Cuba?
Director Instituto de Suelos^.
INTRODUCTION. The acid soils are frecuents in Cuba and all
the
tropical South America region. They are extremely used. The acid
affected soils surface was quantified at 1:50 OOO scale for the
at
first time in Cuba in 1976. The soil survey was continued
1:25000 scale.
There has been done simultaneously research to improved the soil
productivity by means of liming on the matter cultivated areas.
This paper deal about the Cubans acid soil extension and
liming
crops answer.
MATERIALS AND METHODS. The acid soils surface was surveyed
in
every
type of soil using a 1:25 000 scale National Soil Map,
following three climatological region suggested by Institute of
Meteorology.
The soil surface was quantified through pHKC=i- (1:2,5) ratio.
The soils with pH up to 5,5 and less than 55 7. of calcium
saturation were classified as acid soils. There was not
included
pre-montain and mantain soils.
The liming research experiments were done in field plot and
greenhouse following différents climatic region and type of
soils. The results were evaluated during the first 3 years of
soils liming reclamation.
RESULTS AND DISCUSSION.
The acid soils (pHKci. up to 5,5) are extended to 2,64 million of
hectarias in Cuba (Table 1 ) , 27 7. of which are extremely
acid
(pHKci_ up to 4 , 5 ) , while soil with calcium saturation less than
45 7. (1,18 million of hectarias) represented 45 7. of the total
acid soil surface. Also there was found lacking of magnesium 41 7.
(1,07 million of hectarias) of soil are surveyed.
The results permits to affirmed that liming of cuban acid
soils
is an economic practice what is demostrated by the crops proved,
such as tobacco, citrus, pasture, coffee, tomato and corn. Not
response to liming was found only in sugar cane crops, because of
its higt power of adaptation.
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Table 1; Acid soil surface in Cuba Republic,
Surface (hectarias)
Country
region
West
Central
East
Nation

pHKci_
< 5,5
905
i 335
404
2 645

Calcium Saturation
< 45 7.

J.38
733
437
358

458
3 999
323
1 182

Magnesium saturation
< 8 7.

386
952
944
282

415
286
372
1 075

888
386
774
048

Table 2: Several crops answer to liming
(Rate of production over the 1007. the of control)
Treatment

Sugar
cane

Tobacco

Pasture

NPK
Lime + NPK

100
100

100
120

100
115

Citrus
100
125

Coffee
100
145

Tomato Corn
100
133

100
125

LITERATURE CITED.
Direccion General de Suelos y fertilizantes. Necesidades de
carbonato de calcio para los suelos écidos de la agricultura
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Effect of liming and copper addition on rice yield grown
on a peat soil
T . A t t a n a n d a n a B.Chakranon k.Kviima
and P.Monchareon
*Department of Soils, Kasetsart University, Bangkok, Thailand **Kyoto
Japan ***LandDevelopment
Department, Bangkok, Thailand

University,

Introduction Peat soils is one of the problem soils which deserves good management for
agriculture. Due to the increasing in population, most of the marginal land would be disturbed and
utilized for food consumption. In Thailand, there is only 63,770 ha of peat soils, the majority is in
Narathiwat province, about 45,336 ha (Chareonpong, 1982). The previous study has shown that
trace element application, especially copper gave higher yield of rice grown on peat soils (Hara et.
al.,1992), Attanandana et. al., 1992). The objectives of this study is to elucidate the proper
management of liming and copper application.
Materials and methods The experiment was conducted using 2x2x3 Factorial in randomized
complete block design with 3 replications. The treatments were as follows:
1. Peat+L0+Cuo
2. Peat+Lo+Cu!
3. Peat+L0+Cu2
4. Peat+I^+Cuo
5. Peat+Lj+Cu!
6. Peat+Lj+C^
7. Peat+I^+CuQ
8. Peat+I^+Cuj
9. Peat+L2+Cu2
The soils used is a peat soil from Bacho swamp (Narathiwat series), Narathiwat province.
Eleven Kg of a peat soil with a moisture content of 325.5% was added to 30 liter pot. The
treatments were applied as mentioned above. Lime was applied about 36 and 96 gm as Ca(OH)2
for the Li and L2 treatments. The soils were incubated with lime for 3 weeks. Urea and triple
superphosphate were applied at 3.8 gm/pot of N, P2O5 and potassium chloride was applied at 2.92
gm K20/pot. Copper was applied as CuSC>4.5H20 at 0.45 and 0.90 gm Cu per pot for Cuj and
Cu2 treatments. Three week old seedlings of RD.23 were transplanted. The soil solution was
analyzed for pH, Fe, Cu and phenolic acid at transplanting, tillering, panicle initiation, flowering
and harvesting stages. Growth, yield, and nutrient uptake were recorded.
Results and discussion
1. Straw, grain weight and yield component
Rice could not grow in a peat soil alone although N P K fertilizer were added. When lime
was applied at low level, substantial yield of rice was obtained. At low level of lime, copper
application resulted in higher straw and grain yield. When high level of copper was added, the
detrimental effect was markedly seen. Decrease in grain weight and high in percentage of unfilled
grain were observed. On the other hand, when lime was applied at a higher rate, marked increase
in grain yield was obtained. Copper application at low level resulted in higher straw and grain
yield. The subsequent increase in copper application does not increase yield significantly, but
percentage of unfilled grain decrease appreciably, though not significantly.
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2. Nutrient uptake
Liming markedly increased calcium and copper uptake in straw and grain. Higher NPK
jptake at low rate of liming but lower uptake of NPK in straw at higher rate of liming were
observed when subsequent increase of copper addition was done. In the case of nutrient uptake in
the grain, increment of copper resulted in higher uptake of N,P,K,Ca, and Cu. The toxicity level of
copper in straw is about 30 ppm (Yoshida et.al,.1972). It should be noted that the copper uptake in
straw of treatment 6 (Peat + Lj + CU2) is about 36 ppm. This treatment had marked decrease in
grain yield and significant increase in sterility.
3. Soil solution analysis
Liming increased pH appreciably, and markedly decreased water soluble Fe. Liming also
reduced water soluble Cu and increased phenolic acid. It should be noted that water soluble Cu in
treatment 6 (Peat + Lj + CU2) was rather high compared to treatment 5 (Peat + Lj + Cuj). The
best treatment (Peat + L2 + Cuj) had comparable lower water soluble Cu.
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(1) Attanandana, T., B. Krisornpornsan, K. Kyuma and P. Monchareon. 1992. Amelioration of
peat soils. Thai J. of Soil and Fertilizer 14 (4): 331-336.
(2) Chareonpong, S. 1982. Physical property of peat in Narathiwat province. Report on
Development of peat swamp. 6-12 August, 1982. (in Thai)
(3) Hara, T., A. Boonsom, P. Vijarnsorn and T. Tadano. 1992. The effect of the application of
lime and micronutrients on the growth and occurrence of rice plants in peat soils of Southern
Thailand. In Coastal lowland ecosystems in Southern Thailand and Malaysia, edited by
K.,Kyuma, P.Vijarnsorn, and A.Zakaria.
(4) Yoshida, S., D. A. Forno, J. H. Cock and K. A. Komez. 1972. Laboratory manual for
physiological studies of rice. The International Rice Research Institute. Los Banos, Laguna,
Philippines.

274

Evaluación el Efecto de la Cal y la Fertilización en
Trigo de Temporal en Suelos Acidos
J. R. Rodriguez J. Programa de Productividad de Agrosistemas, CEFAP,
58260 Morelia, Michoacdn.
INTRODOCCION.
LAS
ALTAS
CONCENTRACIONES
DE
ALUMINIO
INTERCAMBIABLE Y MANGANESO QUE CONTIENEN ESTOS SUELOS, FAVORECE
LA FIJACION DEL FOSFORO EN LOS ABREGADOS DEL SUELO, Y CANTIDADES
BAJAS DE CALCIO Y MAGNESIO; LO QUE PROVOCA TOXICIDAD DE ALUMINIO
EN PLANTAS DE TRIGO(1>, QUE SE MANIFIESTA CON UN POBRE
CRECIMIENTO Y CLOROSIS, QUE REDITUAN EN BAJOS RENDIMIENTOS (1.5
TON/HA). ESTE PROBLEMA COMPRENDE UNA SUPERFICIE APROXIMADA DE
1,000 HA EN LOMERIOS DE ZINAPECUARO A UNA ALTURA SOBRE EL NIVEL
DEL MAR DE 2,100 M.
MATERIALES Y METODOS. CON EL OBJETO DE REDUCIR LAS ALTAS
CONCENTRACIONES DE ALUMINIO Y FAVORECER LA DISPONIBILIDAD DEL
FOSFORO PARA LAS PLANTAS; SE DISENO UN EXPERIMENTO CON CUATRO
DOSIFICACIONES DE CAL AGRICOLA
(0-2-4-6 TON/HA), Y 16
TRATAMIENTOS DE FERTILIZACIÓN CON NITROGENO, FOSFORO, POTASIO Y
MAGNESIO; BAJO UN DISENO EXPERIMENTAL DE PARCELAS DIVIDIDAS CON
ARREGLO DE BLOQUES AL AZAR CON TRES REPETICIONES. EL EXPERIMENTO
SE ESTABLECIO EN
LA LOCALIDAD DE "LA ALDEA" MPIO. DE
ZINAPECUARO; EN DOS CICLOS PRIMAVERA-VERANO, 90/90 Y 91/91. EL
GENOTIPO UTILIZADO FUE LA VARIEDAD "CURINDA M-87" Y DENSIDAD DE
SIEMBRA DE 160 KG/HA.
RESULJADOS Y DISCOSION.
LOS RESULTADOS OBTENIDOS EN LOS DOS
CICLOS MOSTRARON UNA CLARA RESPUESTA DEL CULTIVO A LA APLICACION
DE CAL; EN EL CICLO P-V 90/90, SE OBTUVO UN RENDIMIENTO DE 4.9
TON/HA CON 4 TON DE CAL MAS 100 KG DE NITROGENO, 120 KG DE
FOSFORO Y 80 KG DE POTASIO POR HECTAREA. EN EL CICLO P-V 91/91
LA RESPUESTA DEL CULTIVO FUE A LA DOSIS DE 2 TON DE CAL MAS 100
KG DE NITROGENO, 40 KG DE FOSFORO Y 40 KG DE POTASIO POR
HECTAREA; HABIENDOSE OBTENIDO UN RENDIMIENTO DE 3.6 TON/HA.
LA TENDENCIA DE RESPUESTA DEL CULTIVO A LA APLICACION DE
NITROGENO ES MUY CLARA A LA CANTIDAD DE 100 KG/HA; NO ASI EN
CUANTO A LAS APLICACIONES DE FOSFORO Y POTASIO, EN VISTA DE QUE
HAY
UNA VARIABILIDAD
DE 40-120 KG, Y DE
40-80 KG,
RESPECTIVAMENTE. EN VISTA DE QUE LOS RESULTADOS SON EVIDENTES AL
SUPERARSE HASTA EN MAS DE UN 100% EL RENDIMIENTO TRADICIONAL; SE
CONCLUYE QUE HAY RESPUESTA A LA APLICACION DE 2 TON/HA DE CAL
AGRICOLA Y 100 KG/HA DE NITROGENO; Y QUE LA RESPUESTA AL FOSFORO,
POTASIO Y MAGNESIO DEBE SER EVALUADA UN CICLO MAS POR LO MENOS.
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Root Growth of Forest Species as Affected by Acid Soil
Infertility Factors
F.R. Vale , N.B. Renó, LA. Fernandes and A.V. Resende. Department of Soil
Science, Escola Superior de Agricultura de Lavras, 37200-000 Lavras, Minas
Gerais, Brazil.
Introduction. In Minas Gerais State, Brazil, many of the subsoils are acid in reaction which
limits exploitation of the soil by roots of many economic crop especies for moisture and
nutrients. The recognized root-limiting chemical factors for them in these subsoils are Al
toxicity and Ca deficiency. However, the lack of information concerning the effect of Al and Ca
on forest species prompted this study.
Materials and Methods. Pregerminated seeds of 15 forest species, cotton and corn were
planted in 500ml pot containing conveniently treated surface soil (Oxisol). After roots reached
the bottom part of the soil, their growth rate into another pot with amended subsoil was used to
evaluate acid soil infertility factors, with the following treatments: (i) check (pH in H2O = 4.4;
Ca = 0.16cmol( + )kg"1; Al = 1.75cmol( + )kg"1); (ii) Ca(OH)2 to raise soil pH to 6.0; (iii) MgO
to raise soil pH to 6.0; and (iv) CaCk to raise Ca to 1.0 cmol( + )kg" . As compared to root
growth in the Ca(OH)2 treatment, relative acid soil injury was indicated by the check treatment,
Ca deficiency by the MgO treatment and Al toxicity by CaCte treatment. In order to obtain
information about the species differences in Al tolerance it was evaluated the C.E.C. of the
root (1) and plant induced pH changes in nutrient solution. pH changes were evaluated in
growth solution without Al and with N03:NH4 equal to 8:1 as well as after exposing the plants
for 12h in absorption solution with Al and with N03:NH4 equal to 1:1.
Results and Discussion. It was observed very distinct differences among species in their ability
to grow roots on acid soil (Figure 1A), to tolerate Al toxicity (Figure IB), and low Ca
availability (Figure 1C). The behavior of Acacia mangium (Figures 1A and IB) may be related
to its sensibility to chloride, as it showed to be extremely resistant to soil acidity. Also, it is
interesting to note that most of the native forest species were extremely sensitive to the
desequilibrium between magnesium and other cation, probably calcium (Figures 1A and 1C).
By including Gossypium hirsutum L, Zea mays L, Eucalyptus grandis. well known species with
respect to their behavior to acidic conditions (2 and 3), it can be visualized the whole spectrum
of behavior of the native forest species studied. Such behavior is important to stablish
man-made forests with minimum use of amendments and fertilizers. Al tolerance was not
correlated with root C.E.C. and correlated negatively with pH induced changes (Figure IB and
Table 1). Therefore, a mechanism other than differences in root C.E.C. and pH changes in root
zone caused the species difference in Al tolerance. Related to pH changes, it is worthwhile
emphasize that Eucalyptus grandis and Acacia mangium. two of species studied most
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tolerant to acid soil infertility factors, showed the lowest capability to absorb nitrate in the"
presence of ammonium (data not presented), which explains their outstanding capability in
decreasing solution pH even exposed to much more nitrate than ammonium (Research
supported by CEMIG funds).
Literature Cited.
1. Crooke, W.M. 1964. The measurement of the cation-exchange capacity of plants roots. Plant
Soil 21:43-49.
2. Fageria, N.K.; Baligar V.C. and Wright, R.J. 1988. Aluminium toxicity in crop plants. J. Plant
Nutrition 11: 303-319.
3. Neves, J.C.L.; Novais, R.F. and Barros, N.F. 1982. Efeito do aluminio em amostras de dois
latossolos sob cerrado sobre o crescimento e a absorc,ao de nutrientes por mudas
de Eucalyptus spp. Revista Arvore, 6:17-28.
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Short and medium-term changes of forest soil acidity
and seepage quality
P. Fitze, A. Burri, M. Egli. Department of Physical Geography, University of
Zurich, Winterthurerstrasse 190, CH-8057 Zurich
Introduction. The phenomena of a large increase in soil acidification is well-documented in
many European reports and is discussed as one cause of forest decline and water acidification [1].
In Switzerland, medium-term changes of forest soils have not been documented in the previous
decades. Methodical problems complicate the proving of these changes. The aim of this study is to
describe medium and short-term changes of soil acidity and seepage properties and to discuss their
causes.
From the experience of the last decade we know that NH4+-deposition (amongst other weak and
strong acids) on the land has been increased, mainly from agricultural activities. The influence of
the increased NH4+-deposition on acidification processes, seepage quality, and aluminium
speciation is of special interest.
Materials and Methods. For this purpose it is possible to fall back on soil material (called "Soil
library") excavated in 1969, 1988 and 1993. There are approximately 400 soil samples, collected at
81 sites (Möhlin monitoring grid) beneath deciduos trees and conifers in a Forest in northern
Switzerland. This "Soil library" gives us the possibility to investigate the changes in the soil as
influenced by immissions and logging.
Additionally two test sites (each 10x10m) were investigated in detail for short-term variations of the
major cations and anions in the soil and the seepage at different dephts of acid luvisols (loess and
gravel).
The influence of NH4+ on the acidification, seepage quality and aluminium speciation is checked
with fertilizing experiments (NH4CI) both in the laboratory with undisturbed soil cores of different
length and in the field.
Results and Discussion. First results show considerable pH (and element) drifts in the top soil
(0-5 cm) and in the lower (30-35 cm) mineral horizons between 1969 and 1993.
Results from the two representative test sites show that short-time and lateral pH-variations within
the area of 10x10 m are relatively small. The pH-variations within the year show a maximum
during winter and early spring, and a minimum during late summer and autumn. The annual pHdrift is very much associated with the amount of alkalinity washed out by seepage: The higher the
wash out of alkalinity, the lower the pH (CaCh).
So, the above mentioned pH-drifts between 1969 und 1993 can be interpreted as medium-term pHchanges. In detail, top soils have become more acid while the pH's of the lower horizons have
increased (fig. 1). It is presumed, that on one hand the acidification-process of the top soil is
accompanied by an increasing "exchangeable acidity" [2], on the other hand, the alkalinizationprocess of the lower soil horizons (between 1969 and 1993) is accompanied by an increasing
buffer capacity.
The vegetation receives from atmospheric deposition significantly more nitrogen than is taken up
by the forest ecosystem. The most important source of the N input is NH4+ which is to a great
extent derived from human activities.
The N that is washed out by seepage is, compared in its quantity,about 50 to 60% of the N input.
The forest ecosystem is not capable of using all nitrogen in its internal nutrient cycle. This
oversaturation of nitrogen stands in contrast to the basic cations in the soil-vegetation system where
nearly 100% is recycled within the vegetation. Losses of basic cations are, in this case, due to
weathering processes that are significantly accelerated by the oxidation (i.e. producing of protons)
of NH4+ to NO3-, as laboratory experiments demonstrate.
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Furthermore, laboratory tests show that an increased NH4+-deposition rate influences the
aluminium chemistry in the soil solution and has three different possible effects:
- No alteration: The protons produced are all buffered. The soil has a relatively high base saturation
- Increased Al 3+ concentrations: The protons produced increase the solubility of Al-bearing
minerals. Furthermore the low content of base cations limits the biological activity.
- Increase of the total dissolved Al (= Al3+, inorganic and organic complexes): The increase of total
aluminium is mainly due to higher concentration of organic-bound aluminium species. The higher
input of NH4+ leads presumably to an intensified biological activity and thereby to an increased
release of organic ligands.
Conclusions. Changes of the soil chemistry over the last 25 years can be shown very well: The
acidity of forest soils in a large test area in Switzerland show a clear decrease in the pH in the
topmost 5 cm of the soil, and in contrast a distinct increase in pH at a depth of 25-30 cm.
NUt"1", one of the key factors of soil acidification due to oxidation processes (H+-production), has
a strong influence on the speciation of the aqueous aluminium in low buffered soils.
Literature cited.
[1] Ulrich B., Sumner M. E. (1991): Soil Acidity. Springer Verlag. Berlin.
[2] Hallbacken L. (1992): Long Term Changes of Base Cation Pools in Soil and Biomass in a
Beech and a Spruce Forest of Southern Sweden. Z. Pflanzenernahr. Bodenk. 155, 51-60.

Test sites
Fig. 1 Changes of pH-values between 1969 and 1993
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S O I L MANAGEMENT AND BASE CATION L E A C H I N G
IN AN U L T I S O L OF THE HUMID T R O P I C S
J. Henrot and L. Brussaard. International Institute for Tropical Agriculture,
Onne, Nigeria and Institute for Soil Fertility Research, Haren, Netherlands.
Introduction. Acid soils of the humid tropics are poor in base cations (K + ,Ca 2+ ,
Mg 2+ ), have a low CEC and experience a high rainfall, all circumstances promoting
base cation leaching. Furthermore, when the soil is cropped, base cations in the
harvest products are exported. Unlike for N, which can be fixed biologically from
the air, for base cations, there is no natural mechanism that could balance the rate
of losses. In consequence, in the long-term, external inputs of base cations should
be necessary for a sustainable crop production on acid soils of the humid tropics.
Base cations added to the soil as mineral salts are probably subject to rapid leaching
under high rainfall conditions. Therefore, in order to minimize the cost of the
fertilizer input for the small-holder farmer and to maximize the plant uptake
efficiency, soil management practices which retard base cation losses should be
developed. In this study, we tested the following hypotheses: 1. base cations added
to the soil in combination with green manure leach less rapidly than when added
with inorganic N fertilizer and 2. green manures of contrasting qualities (N and
lignin content) have different effects on base cation leaching.
Material and Methods. Three green manure treatments (4 t / h a Flemingia
congesta prunings (2.7 %N), 4 t / h a Dactyladenia barteri prunings (1.6 %N), and a
mixture of Dactyladenia and Flemingia prunings) were applied to undisturbed
monolith lysimeters (1.1 m long and 80 cm o) cut from a sandy Ultisol and located
in S.E. Nigeria (annual precipitation of 2400 mm). Twelve days after green manure
addition, basic cations were surface-applied to all lysimeters: K, Ca, Mg at 60 kg/ha
as K2SO4 CaCQ3 and MgCÜ3. In addition, on the "control" lysimeters, which had
received no prunings, 120 kg/ha of mineral N were applied as (NH4)2S04 .
Concentrations of K, Ca, Mg, and mineral N in the leachates were measured from
July 92 to July 93.
Results. The results from the first four months of the experiments are the
following:
1. Leaching of Ca, Mg and N was significantly higher in the "control" than
in the treatments with green manures.
2. There was no significant differences in base cation and N leaching
among the green manure treatments, i.e., no effect of the green manure quality.
3. Leaching of Ca was higher than of Mg and K: over all treatments and
dates, on an equivalent basis, the q+ of Ca made u p 60 % of the sum of q+ from Ca,
Mg and K, whereas the q+ of Mg and K represented, respectively, 21 and 19 % of
that sum.
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4. If we made the assumption that all the base cations leached from the
lysimeter over the first 4 months of the experiment (=1400 L/rn2 of cumulative
rainfall) came from the added inorganic base cations: in the control, 204 % of the
Ca, 27 % of the Mg and 17 % of the K had leached, whereas in the green manure
treatments, 61 % of the Ca, 19 % of the Mg and 17 % of the K had leached.
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Soil Response Model to Acid Deposition
Prediction of pH Changes of Soils with Variable Charges
Junko Shindo*, Tomoyuki Hakamata. Division of Environmental Planning,
National Institute of Agro-Environmental Sciences, Tsukuba, Ibaraki 305 Japan
Introduction. It is important to know the change of soil property in order to investigate the adverse
effect of acid deposition on various ecosystems. A number of process-oriented models have been
developed mainly in Europe and North America, whose goal is quantitative estimation of future soil
and water acidification of the objective area based on the assumed condition of acid deposition.
Existing models are primarily for soils whose main constituents are crystalline clay minerals with a
permanent charge due to lattice substitution. However, many Japanese soils, which originate from
volcanic ash and are abundant in organic matter, often show variable charge property. It is well
known that the process developing the variable charges has an important role in acid neutralization by
soils. We made a model which took into account only the variable charge process and checked its
performance by comparing the predicted values on soil pH changes with experimental data.
Measurement of variable charges of the soils. Cation exchange capacity (CEC) and anion
exchange capacity (AEC) of soils were measured in NH4CI solutions with several pH values (4.0,
5.3, 6.6, 8.0) and concentrations (0.1 N, 0.01 N, 0.001 N) according to Wada/Okamura method').
Two grams of soil was mixed three times with 1 N NH4C1 solution of certain pH (saturation process),
and subsequently mixed four times with the dilute NH4CI solution with certain concentration at the
same pH level (equilibrium process). Adsorbed NH4+ and CI- were extracted by NaN03 and
measured to estimate CEC and AEC at each pH and concentration. The pH of supernatant liquid was
measured at each repetition in both saturation and equilibrium processes. Thick high-humic Andosols
(Fujiwara) and light-colored Andosols (Chiyoda) sampled in Gunma prefecture, the central area of
Main Island of Japan, were used.
Model description. Chemical processes considered in the model and the material balance related to
each reaction are shown in Table 1. Variable negative charge of soil is considered to be developed by
the dissociation of H+ from the functional group such as -AlOH and -SiOH on the surface of clay
minerals and carboxyl or phenolic residue of organic matter. XH stands for such group and XM
denotes the group which dissociates H+ and adsorbs cation M+. YH stands for the anion adsorption
site, which can create the positive charge by obtaining another H+ on the surface at low pH. CEC and
AEC of soil which correspond to concentrations of XM and YH2A, respectively, were assumed to be
represented by the equations of pH and concentration of solution. When NH4CI solution is added to
the soil, the equilibrium state of soil-solution mixture can be predicted by iterative calculation based on
these equations and material balance relations (2), (4) and (6). The model was implemented in the
FORTRAN programming language on PC.
Table 1 Chemical reactions used in the model and their material balance.
Chemical reactions
XM + H+ = XH + M+
YH + A- + H+ = YH2A
NH4OH + H+ = NH4+ + H 2 0
(K = 1.79 x 109)
from

Material Balance
A [H+] = A [XM]
(1),
A [XM] = - A [M+]
(2)
A [H+] = - A [YH2A] (3),
A[YH2A] = - A [A]
(4)
A [H+] = A [NH4OH] (5)
(1), (3) and (5), A[H+] = A[XM] - A[YH2A] + A[NH4OH] (6)
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Result and Discussion. Figure 1 shows the change of CEC of each soil with pH and concentration
of solution. Equilibrium pH of abscissa means the last measurement of pH in equilibrium process.
Dots and triangles indicate the measured values and lines are estimated values that were expressed by
regression equations shown in the figures. AEC was not observed for these soils. Equilibrium pH of
soil treated with the solution of low concentration was higher than that of high concentration, and
these values were different by soil types: values were concentrated in a narrow range except for the
treatment with pH 8 solution in Fujiwara soil, while values were scattered widely in Chiyoda soil.
The model was applied to the experimental procedure for the variable charge measurement, and pH of
solution at each step was estimated. Figure 2 shows an example of the results. Black marks denote the
change in saturation process and white marks denote the equilibrium process. Estimated values were
slightly larger than the measured ones in this case. Figure 3 shows that the estimated equilibrium pH
corresponds quite well with the measured values. The discrepancy between estimation and
measurements resulted mainly from the measurement errors and estimation errors in regression
equation. This is especially the case for high concentrations where no CEC measurements were made.
The proposed model based on the chemical equilibrium and material balance could estimate the change
of soil pH with sufficient accuracy. This model was considered to be useful as a sub-model of a soil
response model to acid deposition which includes other chemical process used in the existing models
such as carbonate/bicarbonate equilibrium, aluminum dissolution and precipitation etc.
Literature Cited.
(1) Wada, K. and Y. Okamura. 1977. Measurements of Exchange Capacities and Hydrolysis as
Means of Characterizing Cation and Anion Retentions by Soils; in Proc. Intern. Seminor on Soil
Environment and Fertility Management in Intensive Agriculture, Tokyo, p811-815.
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Perennial Soybean Growth and Nutrient Concentration in
Response to Calcium and Magnesium Carbonates Rates in an
Oxisol.
F.A. Monteiro', J.C. Werner, A.R. Dechen, and Q.A.C. Carmello. Escola
Superior de Agricultura Luiz de Queiroz, P.O. Box 09, 13418-900, Piracicaba,
State of Süo Paulo, Brazil.
Introduction. Tropical soils usually have high soil acidity and low nutrient availability to plants.
Dolomitic limestone applications to these soils may overcome such soil acidity problems, but
without isolating the specific contributions of calcium and magnesium carbonates. On the other
hand, forage legumes are very important in pastures not only for animal feeding, but also for the
nitrogen supply through the biological nitrogen fixation. Also, there is a need of research on
plant part to be sampled in such forages for mineral nutrition diagnostic purposes.
Materials and Methods. Two greenhouse experiments were carried out with perennial soybean
cv. Tinaroo [Neonotonia wightii (Arn.) Lackey cv. Tinaroo]. This legume was grown in an
Oxisol to which rates of calcium carbonate were applied in one experiment, and rates of
magnesium carbonate were applied in another. Rates of calcium carbonate corresponded to 0;
100; 200; 400; 600; 800; 1000 and 1200 kg Ca ha', while magnesium carbonate rates were
equivalent to 0; 50; 100; 150; 200; 250 and 300 kg Mg ha'. Magnesium was supplied as
nutrient (100 kg Mg ha')in the calcium experiment, and calcium was applied (100 kg Ca ha')
in the magnesium experiment. A randomized complete block design with four replications was
used in each experiment. Forage legume was harvested twice. In each of the two harvests, the
three following plant parts were sampled for tissue analysis: a. plant top; b. young runners from
the tip back to third fully expanded leaf (samples called tips) and c. young leaves including the
first, second, third and fourth newly expanded leaves (samples called young leaves). In order
have enough plant tissue for nutrient determinations in the laboratory, each rate of CaC0 3 or
MgC0 3 was applied to five pots per experimental block (one pot for plant top sampling, two
other pots for tips sampling, and another two pots for young leaves sampling). Soil samples were
taken 55 days after carbonates applications, just before sowing.
Results and Discussion. Calcium carbonate rates changed soil pH (CaCy from 4.05 to 6.47,
exchangeable acidity from 3.25 to 1.29cmolc liter', exchangeable calcium from 0.56 to
3.30cmoL, liter', calcium saturation from 13.2 to 68.6% and soil basis saturation from 19 to
73%, whereas magnesium carbonate rates changed soil pH (CaCl2) from 4.11 to 4.87,
exchangeable acidity from 3.10 to 2.28cmol<. liter', exchangeable magnesium from 0.16 to
1.22cmolc liter', magnesium saturation from 4.8 to 30.6% and soil basis saturation from 19 to
45%. Herbage yields (Y in g pot') adjusted to the equations Y = 3.203 + 0.007317X 0.00000485X2 (R2 = 0.97) in the first harvest, and to Y = 8.387 + 0.015604X - 0.00000926X2
(R2 = 0.96) in the second harvest, as function of calcium rates ( X in kg ha"1). The response of
forage yields (Y in g por') to magnesium rates (X in kg ha"1) followed the equations: Y = 3.450
+ 0.009704X - 0.00001569X2 (R2 = 0.94) and Y = 8.588 + 0.024998X - 0.00003785X2 (R2
= 0.98) in the first and second harvests, respectively. Maximum forage yields and total amounts
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of nitrogen were attained with calcium rates between 754 and 847 kg ha 1 , and maximum nodule
weight ocurred at 689 kg Ca ha 1 . In the magnesium experiment maximum values for forage yield
and total amount of nitrogen would be obtained with higher magnesium rates than the maximum
applied. Maximum nodule weight was reached with 235 kg Mg ha"1. Appreciable changes in
plant nutrient concentrations due to calcium or magnesium carbonates applications were verified.
Differences in nutrient concentrations were evident among the sampled plant parts. Visual
symptoms of manganese toxicity were observed in plants grown in the acid soil. Also magnesium
deficiency symptoms were evident in the no-magnesium treatment. Manganese deficiency,
probably with simultaneous zinc deficiency, occurred in the plants grown in the highest calcium
carbonate rates. Critical calcium levels were between 0.62 and 1.37% in the plant top, between
0.51 and 0.66% in the tips and between 0.52 and 1.28% in the young leaves. For magnesium,
the critical levels were in the range of 0.28 to 0.48% in the plant top, 0.31 to 0.39% in the tips
and 0.27 to 0.47% in the young leaves. The use of the tips as a plant part for tissue analysis
purposes in the diagnostic for calcium and magnesium in perennial soybean is suggested.
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Lemon Tree Decay Syndrome in Tabasco, Mexico
A. Rodriguez, C Avila, L. C Lagunes, and C Sosa. Soil Program,

CEICADES,

Colegio de Postgraduates, 86500 H. Cardenas, Tabasco, México.

Introduction. In the citrus area with acid soils of Tabasco,
regionally called "Sabana de Huimanguillo" was observed in 1989
the presence of chlorosis in the leaves, reduction of the vigor
and production in the persian lemon (Citrus
latifolia)
trees was
named Lemon Tree Decay Syndrome (LTDS). Symptoms observed are:
chlorosis, defoliation, delay of growth and dead of branches,
followed by small fruits and poor yield of fruits. Up to now, the
cause or causes of the LTDS it is not know. However, it is
believed that the LTDS might be caused mainly by nutrimental
deficiency perhaps Zinc and Nitrogen. The present study was
intended as a first step to clarify the relationship between
nutriment deficiënties and the LTDS.
Materials and Methods. The site of the study that "Sabana de
Huimanguillo", Tabasco is characterized for acid soils (pH<5.0),
therefore the necesity of lime to increase the pH and to decrease
the aluminum toxicity was cuantified by the incubation method
(1) . As it was indicated by that method, 4 ton of lime/ha was
spread around the tree stem on the soil. Foliage aplications of
100, 200 and 300 ppm of zinc plus 100 ppm of giberelic acid as
growth regulator were applied (2). Four severity levels of LTDS
disease were considered in this study. Also shoots length and
number for tree were measured. Anatomy stem studies, water
injection into the trunk and serological ELISA test to detect the
tristeza virus disease of citrus, were carried out.
Results and Discussion. The best dolomite lime dose determined in
the laboratory to increase the pH and to reduce aluminum toxicity
was 4 ton/ha (table 1) . Likewise nutriment concentration was
improved, especialy N, P and K, which were found deficients into
the lemon tree before the dolomite lime application. After it the
concentrations of N, P and K were highly increased according to
Reuter and Robinson (3); the results of this test are showed in
the table 2. Growth regulators trought about the temporary
recuperation of the lemon trees heavely afected by LTDS, however,
after eight months those trees showed the symptoms of LTDS again.
Nutriment
deficiencies
were
not
eliminated
by
foliage
fertilizations zinc guelates, neither, those originated by low
zinc concentrations. Anatomy stems studies showed of the xylem
vassels blocking between stock-geraft joint apparently it is due
to stunt inmature tissue, and maybe it is reducing both water and

286

nutriments
absorption.
Water
injections
test
demostrated
differences between healty and affected lemon trees. Finally, the
serological ELISA test showed that the LTDS symptoms were not
caused by tristeza virus disease.
Table 1. Liming effect
(4 ton/ha) on soil chemical
under field conditions. 1993.
Site

pH

1
2
3
4
5
6
7
8
9
Control

6.1
6.5
6.4
6.3
6.4
6.4
6.2
6.4
6.3
4.8

properties

Exchange Al Exchange Ca Organic matter Assimilated P
ppm
meg/100g
%
%
163
162
199
201
111
132
163
152
131
551

6.17
10.5
7.41
8.26
9.23
7.84
12.89
11.61
9.2
0.47

5.87
7.5
5.8
9.9
7.5
7.17
8.4
7.17
10.2
8.65

4.87
4.8
3.9
2.8
3.7
2.35
2.1
2.3
2.4
2.6

Table 2. Nutrient concentration of lemon tree leaves before and
after liming in the "Sabana de Huimanguillo, Tabasco.
México. 1993.
FOLIAGE CONCENTRATION
Before liming

After liming

Site

N

1

1.1

0. 04

0.98

2.33

0. 11

1.57

2

1.0

0. 04

0.87

2.25

0. 10

1.40

3

1.5

0. 05

1.06

2.14

0. 11

1.51

P

K

N

P

K
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J.B. Robinson. 1986. Plant analysis. An
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The Using of Silicon Metal-Industry Wastes in
Environment Friendly Agrotechnologies
V.Matichenkov. Institute of Soil Science and Photos.
Rus.Acad. Sci., 142292, Pushchino, Russia.
Introduction. People use silicon fertilizers for very
long
time (plant straw, ashes, composts and other).
Today the number of silicon fertilizers is being
increased: calcium silicate, minerals, amorphous silica,
Na-and K-silicates.But
silica fertilizers
is very
difficult problem for agricultural economic, because
this is dear fertilizers. They use only on rice now. The
human agriculture activity result in to breach of
natural silicon cycle, because 2,75 10' t of Si is out
irretrievable from field with crop annually. The
scarcity of mobile silicon have negative influence on
plants viability (stress resistance,increase of illness,
attack of vermins) and plant nutrition (Si,P,N,Fe) which
result in to decrease of crop and degradation of land.
World industry involves 1 0 1 1 t of rock minerals every
year,which contain only 1% of ore and from 40 to 80% of
Si02. A great part of metal industry wastes is present
various silicates, which don't utilize today. We
investigated the possibility to use the some metalindustry wastes as ecology pure and economy silicon
fertilizers.
Materials and Methods. The two wastes were being
investigated. The Voskresensk metal-industry enterprises
waste ( Si02-97%, Al 2 0 3 -2 D% and H2O-(0,5% with 5 m 2 /g
surface). The Zaporogje metalindustry enterprises waste
(Si02-95%,C-4,6% and H2O-0,4% with surface of 20m 2 /g).
This wastes no containet heavy metals. The studying soil
is Chernozem. The culture is barley. The experiment was
conducted in climate chambers and had two parts. Firstly
studied the influence of metal-industry wastes on mobile
soil phosphates. The second part of experiments was
researched of influence of this wastes on drougt
resistance of barley under water stress.
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Results and Discussion. The obtained results are present
in table 1.
Table 1. Influence of some metal industry wastes on
barley
(three
week
ago)
on
the
Chernozem.
1
1
Wastes Condition

Vosk
Zap
i

1

1
1
1
1
favorable
water stres|
favorable
water stres|
i

1
Increase, %
in soils
in plants
growth
weight |
Si
P
3,0
40,0
14,7
38,3

12,5
60,6
20,8
45,4

i

8,1
17,4
2,0
0

0
19,0
10,7
14,5
i

These data show that silica metal industry wases can be
used as silicon fertilizers and for to increase of
phosphate fertilizer effect, and drought reistance of
plants. Our investigations showed that moble silicon had
influence on soil phosphates (theoretic, model and field
experiments).The reaction of replacement Si on P in soil
has three parts: 1) adsorption of silica-anion on soil
phosphates; 2) displacement of P by Si; 3) desorption of
phosphate-anion in soil solution. The application of
high active silicon, compounds in various soils (virgin
and
agricultural
soddy
podzolic
soil,
Chernozem,
Chestnut soil) permitted to increase contents of mobile
phosphates on 30-80% . It is known, that silicon is
accumulated in cell walls of epidermal tissue. It forms
the thick layers of silicon-cellulose membrane. All
these protect plants from evaporation. The lack of
soluble silica result in to decrease on plant drougt
resistance and to increase the expenses of irrigation
water. Our data show that silica metal-industry wastes
can be used as silicon additive to increase phosphate
fertilizer effect and drought-resistance of plant and to
improve silicon nutrition of plants.We elaborated the
scheme of study the various wastes for it use in
agriculture. It is allow to determine ecology and
economy effects, doses and time for addition of the
wastes in the soils. The offering methods will permit to
solve some ecology problems: 1) to utilize many tons of
industry wastes; 2) to decrease phosphorus pressure on
nature;
3) to restore overphosphating
land.
The
suggesting technology allows to use some metal-industry
wastes for environmental protection and creation of
optimum soil silicon condition and optimized of plant
nutrition
by
phosphates
in
agroecosystems.
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Preliminary Study of Acidic Deposition on Soil at Cuenca of
Mexico
G. Calva, C. Flores, P. Morales, T. Gutierrez, L. Pérez, and L. Saavedra Lab. de
Contamination Atmosférica,FES-Zaragoza, UNAM, Iztapalapa, México.
INTRODUCTION. The firsts searches about the acidic deposition
were made in the decade of 60's, in agricultural soils in Germany (ülrich, 1980). The study of the forest decrease in Euro
pe suppose that the deposition of sulfuric, nitric and chloridric acid increase the soil acidification, wherefore the nu
trients lixiviation (Ca ,Mg , Na y K ) and the alumina-urn
translation, giving rise to fisiological disturbance in the
sistem of roots and loss of buffer capacity (Norton, 1977).
The soil acidification is evaluated through the increase of H
concetration solution and it isassociated with another characteristic: loss of base cations, reduction of cationic exchange
and percentage of basis saturation and increase the cations
trivalent translation, mainly Aluminum (skeffington, 1987; Reh
fuess, 1989; Ulrich, 1980).
Researches development on forest soils in Europe, Canada
and U.S.AV^trhdiwn the acidification effect in relat.ionship with
the balance Letwen the biomas chemical composition and soil
geochemical (Falkengren-Grerup, 1986; 1988; Ulrich, 1990).
In Mexico a few works has been development about the acidic deposition on forest soils, the researches are lead to
agricultural fertility, for that reason it is necessary to develop works about it.
MATERIAL AND METHOD. The areas of study were selected by its
ecological importance and proximity to Distrito Federal (D.F.,
precursors acids source). This areas are The National Park Desierto de los Leones, Izta-Popocatépetl and Zoquiapan. Each zo
ne was sampled during dry and mo-^st season in 1993.
The samples (approximately 2 Kg) were taken at 15 cm of
depht and transport to laboratory, and then were dried, tami ced (2 mm) and stored. The physidal/chemical analysis was: te^
ture, density (real and apparent), pH (1:2.5), organic matter%
(moist path), Total exchange cationic capacity, exchangeable
bases (Ca, Mg, Na and K by Titrimetric and Flamometric Method)
H and base saturation % (V)
RESULTS A N D DISCUSSION. The soil in the three study areas was
identified like sandy-loam due to its texture. The soil has a
porosity betwen 43.48-53.62%, whereby are considered soils
with good drainage and easy management. Joining the three are
as the organic matter % is considered low (7.04-20.94%), for
this reason the C.l.C.T. (5.50-35.10 meq/100 gr soil) show
the same direction on the horizons. In particular we observed
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a direct relationship betwen pH and depht of layer in Izta-Popo
catëpetl and Desierto de los Leones, while an inverse relation
in Zoquiapan. Izta-Popocatépetl showed pH's considered acid
(4.90-5.40) and were registered during raoistuseason, Zoquiapan
in the same time, showed pH's less acid (5.80-6.10). On the
other hand+ it is established that in the dry season exist high
value of H , Zoquiapan showed the highest value (6.76-6.98 meq/
100 gr soil) and Desierto de los Leones the less value (6.50 6.90 meq/100 gr soil). In the moist season there were a decrement on Zoquiapan values (6.74-6.78 meq/100 gr soil) and variations in Desierto de los Leones (6.74-6.81 meq/100 gr soil).
The less value of bases saturation % (V) was registered in Zo quiapan (12-30 meq/100 gr soil) in season dry and the highest
value was registered in Izta-Popocatépetl (57-80 meq/100 gr . i
soil) during the moist season.
CONCLUSIONS. The inverse relationship betwen H + concentration
and bases saturation percentage confirm the effect-^on this parameters of the acidic deposition. The dry season was the most
acid. However, we recomended, at least, 5 to 10 years of study
to know or conffirm this.
REFERENCES:
^alkengren-Grerup, V. (1986). Soil acidification and vegetation
changes in deciduos forest in Southern Sweden. Oecolo gia 70:339-347.
Norton, A.3. 11977)- Changes in chemical processes in soils ca«
sed by acid precipitation. Water, Air and Soil Pollu
tion 7:389-400
Rehfuess, E. K. (1989). Acidic deposition-Extent and impact on
forest soils nutrition, growth and desease phenomena in
Central Europe: a review. Water, Air and Soil Pollution
48:1-20
Skeffington, A. (1987). Soil and its responses to acid deposi tion. CEGB Research, 16-29
Ulrich, B. et al. (1980). Chemical changes due to acid precipitation in a loess-derived soil Central Europe. Soil
Science 4 (130):193-199
... (1990). waldsterben:forest decline in West
Germany. Environmental Science Technology Vol 24 (4):
436-441
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Serpentine Soil Fertility, Foliar Analyses, and Conifer
Productivity in the Klamath Mountains, California
E.B. Alexander and P.J. Zinke. Concoid, CA, 94518-3005, USA
University of Caltomia, Berkeley, CA, 94720, USA.

and

Introduction. Serpentine soils have distinctive vegetation and relatively low productivity
(2). Although there are many reports about plant distribution on serpentine soils, there
have been few investigations of conifer productivity on them (1). Here we compare the
surface soil exchangeable Ca/ Mg ratios and foliar element concentrations of three
conifer species on six great groups of soils and relate productivity to them.
Methods. Surtace (0-30 cm) soil and current-year autumn foliage samples from sites on
serpentinized peridotite in the more humid Gasquet Mountain (41.8°N, 124.0°E) and the
drier Trinity ophiolite (41°N, 122.5°E) areas of the Klamath Mountains were analysed
for exchangeable Ca and Mg (1) and foliar elements (5). Sample site altitudes and mean
annual precipitation are 400-750 m and 200-250 cm in the Gasquet and 660-2240 m and
75-175 cm in the Trinity area. The soils are Inceptisols, Mollisols, Alfisols, and Ultisols
with xeric soil moisture regimes, possibly udic at Gasquet Mountain, and mesic and frigid
(above about 1650 m) soil temperature regimes (4).
Results and Discussion. The serpentine soils are slightly acid to neutral, about pH 6-7.
The Palexeralf of the Trinity ophiolite and the Kandihumult of Gasquet Mountain are
strongly leached and more productive for timber (Table 1) than the other soils. The
strongly leached soils are in oxidic rather than in serpentinitic families, due to very high
citrate-dithionite extractable Fe concentrations.
Douglas-fir (Pseudotsuga menziesii), Jeffrey pine (Pinus jeffreyi), and incense cedar
(Calocedrus decurrens) are widely distributed conifers on serpentine soils of the Klamath
Mountains. Ponderosa pine (Pinus ponderosa) replaces Jeffrey pine on leached soils of
the Trinity ophiolite with higher exchangeable Ca/Mg ratios. Probability distributions
have been developed for the composition of Douglas-fir and ponderosa pine foliage for a
wide range of soils and environments in the western U.S.A. (5). Douglas-fir foliar N is
relatively low on all of the serpentine soils, except on the Haploxerult. It is very low on
the Kandihumult. Foliar N is slightly low in ponderosa and Jeffrey pine on the serpentine
soils, if the Jeffrey pine comparison is based on the probability distribution for ponderosa
pine foliage. Foliar P ranges from high, where the Fe and Mn are low, to low in Jeffrey
pine and very low in Douglas-fir, where the Fe or Mn are high. Foliar Zn is generally
high in Jeffrey pine, but high in Douglas-fir foliage only in the Gasquet Mountain area.
Different species respond differently to Mg-rich serpentine soils with low
exchangeable Ca/Mg ratios. Compared to the average, or median (5), excess Mg
accumulates in Jeffrey pine needles, whereas Ca accumulation is reduced in incense
cedar foliage. A combination of these trends is apparent in Douglas-fir needles.
In conclusion, foliar Ca and Mg contents vary in response to exchangeable Ca/Mg
ratios in surface soils. Conifer productivity increases with greater surface soil Ca/Mg
ratios, but the relationship is quantitatively different in different areas. Foliar Fe, Mn,
and Zn are generally higher in the Gasquet Mountain area, where there are more red
soils than on the Trinity ophiolite, but only Mn appears to be related (positively) to
Ca/Mg ratios and conifer productivity.
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Table 1. Median elemental content of current year conifer
foliage for each of six great soil groups*, by tree species.
Soil Loc.
Group (n)

DSI C
m

Douglas-fir
AXH
T(6)
AXH
G(1)
IOX
T(4)
IOX
G(2)
MXA
T(5)
UHK
G(1)
UXH
G(l)
Jeffrey Pine
AXH
T(5)
BLXH

29

Exch.d
Ca/Mg
mol/mol

g/kg

- me/100 g -

—

Zn

mg/kg —

27

0.64
1.11
0.33

9.8
10.2
9.0
11.2
8.4
7.5
14.8

28

0.31
0.04
0.65
0.04
0.64
1.11

9.5
10.5
9.8
10.3
10.9
13.8

1.34
0.71
1.42
0.72
1.52
1.19

4.6
6.4
7.1
2.2
6.6
9.9

9.4
13.2
10.5
6.4
14.9
8.3

17.8
14.2
18.5
8.8
15.8
7.9

29
100
43
199
34
294

79
133
80
90
65
350

27
55
34
38
19
64

2.4
1.9

10.1
9.7

1.57
1.12

6.9
7.1

14.3
12.4

13.4
14.8

43
55

109
161

23
22

0.54
0.04
4.9
0.57
0.64

8.9
11.9
9.6
8.6
9.5

0.92
0.67
1.12
1.09
1.33

52.6
46.2
92.4
43.6
33.0

27.1
19.9
14.1
14.8
29.5

15.1
15.2
18.7
18.6
16.2

84
159
307
60
70

35
146
67
36
39

11
22
13
11
09

38

G (1)

IOX
T(3)
33
IOX
G(2)
MXA
T(5)
27
UHK
G(l)
Ponderosa Pine
AXH
T(3)
44
IOX
T(l)
42
Incense Cedar
AXH
T(7)
30
AXH
G(1)
AXP
T(1)
59
IOX
T(3)
34
MXA
T(5)
27

0.60
0.04
0.37

Elemental Content of Foliage
P
Ca
Mg
K
Fe
Mn

N

1.45
0.73
1.24
0.60
1.46
0.60
1.46

11.5
11.3
12.0
10.4
8.7
10.0
6.4

17.2
16.0
15.2
18.3
15.1
6.5
11.4

19.9
12.7
18.4
8.0
19.6
8.6
15.8

64
483
56
152
83
221
157

108
137
170
434
119
852
664

14
21
16
14
16
15
38

a

Great groups (4): AXH, Haploxeralfs; AXP, Palexeralfs; IOX,
Xerochrepts; MXA, Argixerolls; UHK, Kandihumult; UXH, Haploxerult.
Location and number of samples (n): G, Gasquet; T, Trinity area.
c
DSI, Dunning site index (3), 300-year-old mixed conifer stand
height (meters). d Exchangeable Ca/Mg ratio in surface soil.
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Evaluating the Effect of Soil Fertility Variables on the Yield of
Mustard (Brassica campestris L.) on Swell-Shrink Soils of
Central India
G. Puri* and S. A. Jaipurkar. Department of Soil Science, College of
Agriculture, Jabalpur 482 004, India.
Introduction. The contribution of soil fertility parameter to the yield is a sum of the direct
and indirect effects. The total correlation and the direct effect of that variable to the yield
is considered for screening the soil fertility variables for model building. Such studies are
scanty and untapped by pedologists. Thus, the present communication is aimed to evaluate
the direct and indirect effect of soil fertility variables (N, P, K) on mustard (Brassica
campestris L.) grown on Swell-Shrink Soils of Central India.
Materials and Methods. Thefieldexperiments were conducted for two consecutive years
(1985-86 to 1986-87) at the Research Farm of the Jawaharlal Nehru Agricultural University, Jabalpur (Madhya Pradesh). The soil of the experimental area was identified as fine,
montmorillionitic, hyperthermic family of Typic Chromusterts. Field experimentation
technique as specific for soil test crop response correlation study (Ramamoorthy and
Velayutham, 1971) was followed. The complex experiments on mustard (cv - Varuna)
was super imposed on four fertility gradient strips owned with fractional factorial combination of 21 treatments. The fertilizer schedule consisted of 5 levels of N (0,25,50, 75
and 100 kg ha"1), 4 levels of P2O5 (0,20,40,60 kg ha"1) and 3 levels of K2O (0,20,30 kg
ha" ). The regression of grain yield on soil and fertilizer nutrients were calibrated to
evaluate the direct and indirect effect of soil fertility parameters on the yield (Singh and
Choudhary, 1985).
Results and Discussion. The multiple regression model was workedout to ascertain the
relationship between dependent variable and six independent variables. The coefficient of
predictability (R2) was found to be poor (0.3594*) and good (0.6425*) in the first and
second season, respectively. The soil nitrogen had significantly contributed towards
mustard yield in former season. Whereas, in latter season soil P, Soil K and fertilizer
phosphorus had significant impact on the yield. The correlations between yield and each
of the fertility variables togather with the correlations among all the pairs of soil fertility
variables were partioned into direct and indirect effect of soil fertility variables on the grain
yield (Table 1). The direct effect of soil nitrogen on yield was found to be invariant (64%)
over season whereas, the direct effect of other fertility variables (P, K) and fertilizer
variables (N, P, K) were found to vary over seasons. The direct effects of soil nutrients
were of the order (%) - 93 and 48 for P, 84 and 70 for K over two seasons respectively.
The direct effects of fertilizer nutrients were of the order (%) - 92, 74 for fertilizer N, 97
and 44 for fertilizer P and 71 and 23 for fertilizer K over two seasons, respectively. The
higher contribution of soil nutrient was found to be the compensated effect of a lower
contribution of other soil nutrients and vice versa. An average account of relative
proportion of direct contribution of soil N to the indirect contribution through soil P, soil
K and fertilizer N was 2.6 times, 7.2 times and 9.2 times, respectively. The proportion of
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direct contribution of soil K to the indirect contribution through soil P, fertilizer N and soil
N was 2.75 times, 3.42 times and 9 times, respectively. Similarly, the proportion of direct
effect of fertilizer P to the indirect contribution through soil N, soil P and soil K was 3.55
times, 10 times and 14 times, respectively. The direct contribution of soil nutrient (N, P,
K) towards yield was significant whereas, fertilizer nutrient (N, P, K) was also significant
except the fertilizer N in the former season and fertilizer K in the latter season. The relative
contribution of soil fertility variables was screened and ranked as fertilizer N (82%)
followed by soil K (77%), soil P (70%), fertilizer P (70%), soil N (65%) and fertilizer
K (47%). Thus, the mustard is more responsive to the application of fertilizer nitrogen
followed by phosphatic fertilisation while, the magnitude of soil K was adequate to meet
the requirement of crop.
Literature Cited.
(1)
Ramamoorthy, B. and Velayutham, M. 1971. Soil test crop response correlation
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Table 1. Direct and indirect etlects of soil and fertiliser nutrients on Mustard yield
Correlation
with the
yield

Direct
etTect

A

0.1737

B

0.4666'

0.1151
(66)
0.3011
(64)

Vurijble

Soil-N

A

0.6831'

B

0.3951'

A

0.3811'

Soil-P

Suil -K

0.6416
(93)
0.1909
(48)
0.3215
(84)
0.1502
(70)

Soil-N

-

Soil-P

Indirect etTect
Soll-K

FerL-N

•

Fert-P

-o.o^ 4 )

D.Ó556

0.D296

(19)
0.0694

(17)
0.0759

•

0.0148

•

.

*

•

.

(27)
0.1094

-

(17)
0.0700

(6)
0.0254

•

(ID

.

*

.
(14)
0.0297

.

.

0.D447
(41)
0.0889

Hi

(21)
0.0449

(34)
(0.1000)

(14)
0.0420

-

-(6)
-0.0296

B

0.2155

A

0.2882'

0.2698
(92)

B

0.3706'

0.2774
(74)

(22)
0.0824

(5)
0.0175

A

0.2440

0.2382
(97)

-(4)
-0.01272

(4)
0.1212

B

0.0977

0.0437
(44)

(37)
0.0364

A

-0.0298

0.02125

.

0.1308

mi
0.0301

•

•

(49)
0.1422

Ferl.-N

*

•

•

-(11)
-0.0110

-(10)
-O0101

(35)
0.0342

-

-0.0911

.

•

'

-(21)
-0.0274

(85)
0.1115

•

•

Fert-P

Fcrl-K
B

(23)

•

•

(8)
0.0107

A-Yc.ir 1985-1*;" - Contribution in traces, ; H - Y»«r 1967-SU
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Nitrogen Use Efficiency in Tifton 44 Bermudagrass and Pensacola
Bahiagrass Cultivars on Non-Eroded and Eroded Sites
S.R. Wilkinson* and A.R. Overman, USDA-ARS, Watkinsville, GA and University of
Florida, Gainesville, FL
Introduction. Nitrogen fertilizer is an energy intensive product, is non-renewable and both
economic and environmental mandates dictate its wise use. The high N requirement of
warm season grasses of the genus "Paspalum" and "Cynodon" and their wide spread use
in forage/livestock systems in the southern USA prompted this investigation.
The objective of this study was to determine the nitrogen use efficiency of Tifton
44 bermudagrass and Pensacola bahiagrass, and Tifton 9 Pensacola bahiagrass on a
non-eroded Cecil sandy site (fine, kaolinitic, Thermic, Typic Hapludult), and an severely
eroded site within 0.5 km at a similar elevation.
Materials and Methods. The experimental treatments were six levels of N fertilization (0,
67,134, 269, 538,1075 kg N/ha/yr) applied to three established stands of warm season
perennial grass cultivars, Pensacola bahiagrass (Paspalum notatum Flügge), Tifton 9
Pensacola bahiagrass and Tifton 44 bermudagrass (Cynodon dactylon L pers.). The
experimental design was a split plot randomized block with cultivar as main plots, and N
level as split-plot with 4 replications at each non-eroded and severely eroded site.
Forage yields above 4 cm were taken at approximately 28 day intervals beginning
in May and ending in October (7 harvests/year). Forage dry matter was analyzed for
total N by kjedahl, and N03N by cadmium reduction procedures. Soil samples were
taken to 1.5 meters and analyzed for NH4N and N0 3 N. The yield, and chemical
composition data were described by logistic equations (Overman and Wilkinson 1992) as
well as analyses of variance (SAS 1982). Additional parameters of yield efficiency and
nitrogen recovery efficiency were calculated for the first year's data.
Results and Discussion. Yield Efficiency. Dry matter yield increase per kg N input was
lower on the eroded site than the non-eroded site at the first increment of N fertilization.
This was probably related to greater immobilization of N at the eroded site. Yield
efficiency of Tifton 9 bahiagrass was higher than that Pensacola bahiagrass, and lower
than Tifton 44 bermudagrass. Accumulative yield efficiency was higher in Tifton 44
especially on the non-eroded site (32% greater accumulative yield efficiency when
calculated at 538 kg N/ha).
Nitrogen Recovery Efficiency. Nitrogen recovery efficiency was greatest for Tifton
44 bermudagrass on the non-eroded site, and was greatest for the second increment of
N fertilization on the non-eroded site, and for third increment at eroded site. Nitrogen
recovery efficiency generally increased with the first or second increment of N fertilization,
and reached a maximum between 134 and 269 kg N/ha for all grasses. The order of
accumulative N recovery efficiency (to 538 kg N/ha/yr) was Pensacola bahiagrass
followed by Tifton 9 bahiagrass, with Tifton 44 bermudagrass being the greatest on the
non-eroded soil. On the eroded soil, Tifton 9 bahiagrass was highest with Pensacola
bahiagrass having the lowest N recovery efficiency.

302

Nitrate Accumulation. Nitrate N accumulated after the first year below the grass root
zone only at the 1075 kg N/ha rate. Accumulations were observed to a depth of 150 cm.
This result was consistent with the first year of N application.
Logistic Equation Application. The logistic equation used was of the following form:
Yield=

A = Maximum annual yield (Mg ha"1), b = intercept parameter for yield, and c = N
response coefficient for yield (ha kg"1). Table 1 lists the parameters for yields at both the
eroded and non-eroded locations.
Table 1. Summary of model parameters for three grasses in 1992 at Watkinsville, GA.
Parameter

Grass

Estimate
Non-Eroded
Eroded

A, Mg ha"1

Pensacola bahia
Tifton 9 bahia
Tifton 44 bermuda

b, intercept

Pensacola bahia
Tifton 9 bahia
Tifton 44 bermuda

0.62
0.29
1.15

1.26
1.11
1.60

c, ha kg'1

Same for all

0.0073

0.0072

11.8
12.7
16.4

10.6
12.1
11.9

Soil erosion had a major effect on Tifton 44 bermudagrass maximum yield. Secondly
a common response coefficient (c) seems justified based on F tests from analysis of
variance. Earlier work with these equations has indicated that maximum efficiency of N use
occurs at about 50% of maximum yield. The results of these studies also suggest that
maximum efficiency occurs generally in the range of 50% of maximum yield.
Summary. Maximum growth (yield) of the three grasses at the eroded site was similar, but
at the non-eroded site, growth of Tifton 44 bermudagrass was superior. Examination of N
response curves suggests better growth of the bahiagrasses than Tifton 44 when no N was
applied, but that Tifton 44 bermudagrass was more responsive to N fertilization and had
higher N recovery efficiency (particularly at the non-eroded site). Practical implications are
that fertilizers may be more effectively used on Tifton 44 bermudagrass grown on noneroded soil, and that bahiagrasses may be equal or better grasses for use on severely
eroded sites.
Literature Cited
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Nitrogen Fertilization and Methane Oxidation
in an Arable Soil
'Birgit W. Hütsch*, Colin P. Webster" & David S. Powlson** * Institute for
Plant Nutrition, Justus-Liebig-University, Südanlage 6, 35390 Giessen, Germany;
** Soil Science Department, AFRC Institute of Arable Crops Research Rothamsted
Experimental Station, Harpenden, Herts AL5 2JQ, UK.
Introduction. Methane is an important greenhouse gas; its concentration in the atmosphere has
increased continuously over recent decades. As well as increased emission, a decrease in CH4
consumption has been implicated as a cause. Absorption and oxidation in soils can contribute up
to 15% of the total global CH4 destruction (Born et al., 1990). Steudler et al. (1989) found the
application of nitrogen fertilizer to temperate forest soils resulted in a lower rate of CH4 oxidation,
and Mosier et al. (1991) reported similar results for a pasture. The present study used plots of the
Broadbalk Wheat Experiment at Rothamsted to investigate the long-term effect of different levels
of N fertilization on the soil's ability to oxidize CH4.
Materials and Methods. The topsoil of Broadbalk is a silty clay loam containing about 20% sand,
51% silt and 28% clay. The plots used for these CH4 oxidation measurements receive 0, 48, 96,
144, 192, 240, 288 kg N ha"' year"' as a single dressing of "Nitro-Chalk" (ammonium nitrate calcium carbonate) in April. An organic manure treatment, which receives 35 t ha"' farmyard
manure each year applied in autumn, before ploughing, was investigated as well. In all cases
section 1 (continuous wheat) was used. These different fertilizer applications caused variation
between plots in pH, total N and organic carbon. The pH ranged between 7.0 and 8.0, the total N
content in the mineral N plots was about 0.12% compared to 0.28% in the FYM plot, and the
organic carbon contents were 1.1% and 2.8%, respectively.
Measurements of CH4 oxidation were made on undisturbed soil cores, which where collected
in plastic tubes (6.4 cm i.d., 12 cm deep) on 6 April 1992 and on 4 September 1992. Cores were
incubated at 25°C in sealed 1 1 jars which allowed periodic collection of headspace samples through
septa. At the start, CH4 was applied to give 10 ppm headspace concentrations, this was sampled
after 0, 3, 6, 24, 48, 72, 120, 168 and 212 hours.
Results and Discussion. The CH4 consumption was entirely mediated by microbial activity.
Autoclaving the soil cores suppressed all oxidation of CH4, but with non-autoclaved soil it decreased
(Fig. 1). Methane uptake was much greater in the NO and FYM treatments compared to the N144
treatment. The curves showed typical first-order-kinetics and fitted an exponential function (y =
a e1*). A log-transformation (In y = a + bt) resulted in straight lines, from which slopes (b values)
can be interpreted as methane oxidation rates. The rate for the N144 treatment (-4.3 \x\ CH41'1 h"1)
was significantly lower (0.1% level) than the rates for NO (-13.2) and FYM (-15.6), but the
difference between NO and FYM was not significant.
The CH4 consumption rates for the whole range of N treatments were measured before
fertilizer application, when the soil mineral nitrogen content was less than 5 kg N ha"' to 12 cm
depth (sampling in April). NO showed a significantly (5% level) higher consumption rate than all
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the plots receiving mineral N. The FYM treatment had an intermediate value. Addition of
ammonium fertilizer to the same soil cores, equivalent to the amount annually added in the field,
resulted in only a small, insignificant decrease in the CH4 consuming ability. Results from a repeat
set of soil cores from the same sampling date and incubation without fertilizer application, again
showed the highest CH„ uptake rate in the NO treatment, and rates decline progressively for
increases in N applications to N144. The FYM treatment had a value between NO and N48. A
nitrate application resulted in only small, insignificant changes in the methane uptake rate. These
experiments clearly point to a long-term effect of nitrogen fertilizer on the CH4 uptake, this being
much more pronounced than any short-term effect.

Time (h)
-*N0/-auto

^NO/+auto

•0-N144/+auto -^FYM/-auto

+ N144/-auto
-*FYM/+auto

Fig 1: CH4 oxidation in the NO, N144 and FYM treatment (n=4) of the Broadbalk Wheat
Experiment, sampling date: 4/9/92; + auto = autoclaved, - auto = non-autoclaved.
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Fertilizer Nitrogen Management for Maximising Nitrogen
and Water use Efficiencies of Rice-Wheat System in Lateritic
Soil
S. Kar and D. K. Mandal. Department of Agricultural Engineering, Indian
Institute of Technology, Kharagpur - 721 302, India.
Introduction
In pluvial lateritic lands of humid subtropics high percolation and seepage losses accompanied by
alternating anaerobic and aerobic cycles of soil contribute to high losses of fertilizer nitrogen (N)
resulting in low nitrogen use efficiency (NUE) and water use efficiency (WUE) of both rainfed
rice and irrigated wheat grown commonly in monsoon and post-monsoon (winter) seasons
respectively. An atlcir-pl was therefore, made to increase NUE and WUE of rice-wheat system by
deciding the most appropriate method and frequency of N application in a lateritic sandy loam
soil (Oxic-Haplustalf).
Methods and Materials
In a field investigation rice, cultivar MW-10 and wheat, cultivar SONALIKA, were grown
respectively under rainfed and irrigated condition wherein 6 cm water was timed at 1.0 ratio of
irrigation water to cumulative pan evaporation. The average rainfall during rice and wheat
growing seasons was respectively 865 mm and 23 mm. The crops were basally fertilized with P
and K respectively at the rate of 50 kg P2C>5/ha and 50 kg K 2 0/ha. The total dose of N : 120 kg
N/ha as ammonium sulphate for rice and 100 kg N/ha as calcium ammonium nitrate for wheat,
was applied in two (S2) and four (S4) equal splits by either band placement to 5 cm depth (Mj)
and broadcasting (M2). Following application of N the time changes of N and soil water at
5,20,40, 60 and 80 cm soil depths were estimated. NH 4 + - N and NO3" - N were analysed by
colorimetric methods using respectively Nesseler reagent and Phenol-disulphonic acid - NaOH EDTA. Soil moisture was evaluated with the help of a Hydroprobe. Crop water use was estimaied
from the time changes of soil water storage considering rainfall or irrigation as inputs and deep
percolation as output. Similarly N use was estimated from the time changes in N storage
considering fertilizer application as input as well as volatilization :»nd leaching losses as outputs.
Results and Discussion
The results of the investigation indicated that in coarse textured low retentive lateritic permeable
soil the use efficiency of water and N for rainfed rice-irrigated wheat sequence was maximum
when N was bandplaced in four equal splits (MiS4). MjS 4 increased NUE of both rice and wheal
respectively by 17 and 12 per cent over that under conventional broadcasted application in two
splits (M2S2). Higher recovery of N under MiS 4 was attributed to lower volatilization and
leaching losses of N which were only 33 and 26 percent of the respective losses under M 2 S 2 .
Relatively high volatilization loss under M 2 S 2 also contributed to low recovery of N by irrigated
wheat under this schedule compared to MjS 4 . The total recovery of N by rice-wheat system was
highest under MjS 4 and lowest under M 2 S 2 . The rate of N use which was maximum during
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maximum tillering to booting stage of rice, and milk to harvest stage of wheat, had higher
response to frequency than method of N application. Even with broadcasted application, M^S^
induced reasonably high water and N uses comparable to that obtainable with M 2 Si. Grain yield
of both rice and wheat being significantly related with N use, followed similar trend as that of N
use for different methods and fertilizer N application schedules.
Conclusions
In coarser rice soil the use efficiency of water and fertilizer N for rainfed rice - irrigated wheat
sequence can be maximised by bandplacing N in four equal splits at phenologically important
growth stages (MjS^) of crops under humid subtropical condition. Higher recovery of N under
MjS 4 results from relatively lower volatilization and leaching losses as well as from greater N use
rate which has higher response to frequency than method of N application.
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Most Efficient Nitrogen Fertilizer Management on Grassland
S.S. Malhi* and K. Heier. Agriculture Canada, Lacombe, Alberta, Canada TOC ISO.
Introduction. Perennial forages play an important role in the production of beef in western
Canada. Most agricultural soils in Alberta are deficient in plant-available N. Forages are usually
grown on less fertile soils and their production can be increased substantially with N fertilization
(Smith and Lutwick, 1974; Malhi et al., 1986; Harapiak et ai, 1992). The efficiency of N fertilizer
application is greatly influenced by source, time and method of placement. The objective of this
paper is to summarize information for improved N fertilizer efficiency to increase forage production
of bromegrass in central Alberta.
Materials and Methods. Field experiments were conducted in central Alberta using commercial or
15
N-labelled fertilizers (urea and ammonium nitrate) on bromegrass. The mean annual precipitation
of the area is about 450 mm. In the commercial N fertilizer experiments plots were 6.8 m x 1.8 m
or 2.7 m and in the 15N balance experiments the microplots were contained in 45 cm x 45 cm x 18
cm bottomless steel frames. In the various experiments, the times of application were early fall (late
September or early October), late fall (late October), early spring (mid-late April) or late spring
(late May). Methods of application were surface-broadcasting or sub-surface banding using a
special disc drill. The N rates usually ranged from 80 to 112 kg N/ha. Bromegrass was harvested as
a hay (one or two cuts) or as a simulated pasture (4 cuts) during summer.
Results and Discussion. Bromegrass gave a substantial increase in dry matter yield (DMY) from N
fertilization, but the yield response to fertilizer N and the net present value (NPV) returns were
greater in the moist compared to dry areas. Protein concentration in forage increased with N rate,
but when N was applied in excess of crop requirements potentially toxic levels of NO3-N
accumulated in forage. Early spring surface-broadcast N application generally produced greater
DMY than other times of application (Table 1). This is because of higher N recovery in plants and
lower N recovery in soil, as shown in the 15N balance experiments. Urea usually was less effective
in increasing DMY than A.N., regardless of time of application and cut. This was probably due to
more N loss through NH3 volatilization from urea than A.N. (Volk, 1959). The lower DMY with
urea compared to A.N. was also possibly due to lack of availability of N to plants, as in the 15Nlabelled experiments the recovery of 15N in plants or plants plus soil was less with urea than A.N.
The problem of N loss and accessibility to plants of surface-applied N can be eliminated by
placing it below the soil surface (Lamond and Moyer, 1983). Surface-broadcast urea produced least
DMY of bromegrass and the efficiency of urea improved markedly with disc-banding (Table 2).
For fall application 22.5 cm band spacing was adequate, but for early spring application less than
22.5 cm band spacing may be needed. In the 15N-labelled urea experiments on bromegrass, plant N
recovery increased markedly with sub-surface placements over surface-broadcast (Table 2) or with
simulated rainfall immediately after surface urea application (Table 3).
In conclusion,with surface-broadcast application urea produced lower forage yield than A.N.
Urea is the most dominant dry N fertilizer and costs less per unit of N. Therefore, sub-surface discbanding should be used to improve its effectiveness on grasslands.
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Table 1. Influence of source and time of application on dry matter yield (DMY) response and
recovery of N applied to bromegrass at sites in central Alberta
Early fall
Late fall
Early spring
Late spring
Experiments
Urea
A.N.
Urea
A.N.
Urea
A.N.
Urea
A.N.
DMY increase from commercial N fertilizers (t/ha)
Ave. 15 yr, 4 sites
1.74
2.33
1.79
2.26
1.90
2.47
1.92
2.20
Ave. 4 yr, 2 sites
2.90
3.44
2.42
2.96
2.92
3.69
2.69
3.11
Ave. 1 yr, 2 sites
Plants
Plants + soil

— % recovery of 15N-labelled fertilizers 58
38
50
49
66
54
67
82
65
79

39
55

-64
83

39
55

Table 2. Influence of method of urea placement on dry matter yield (DMY) response and recovery
of N applied to bromegrass at two sites in central Alberta
Fall
Spring
Broadcast
Band - 22.5 cm
Experim ents
Broadcast
Band- 22.5 cm
DMY increase from commercial urea (t/ha)
Ave. 3 yr, 2 sites
2.29
2.81
2.64
2.79
Ave. 1 yr, 2 sites
Plants
Plant + soil

Ave. 1 yr, 2 sites

30
45

% recovery of 15N-labelled urea
44
41
59
55

49
64

- DMY increase from late spring applied urea (t/ha) at band spacing (cm) •
Broadcast
Band - 15 cm
Band - 22.5 cm
Band - 30 cm
073
U7
094
079

Table 3. Influence of simulated rainfall on the recovery of 15N-labelled urea applied to bromegrass
in central Alberta (average of twoi sites)
% recovery of applied N
Experiment 1
Experiment 2
With rain
Rain, 0 dayt
Rain, 1 day
Parametiïrs
Without rain
46
39
Plants
22
31
Plants + soil
37
49
77
67
t Rain, 0 day means simulated rainfall immediately after surface urea application.
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Fertilizer Nitrogen Balance Studies with Dry Season Rice
C. Misra, D. Jena, K. K. Bandyopadhyay, and J. S. Shepers. Department
of Soil Science, Orissa University of Agriculture and Technology, Bhubaneswar751003, India.

Introduction. In order to develop efficient management techniques for
wet land rice the knowledge of fate of applied fertilizer nitrogen is a
prerequisite. Hence tagged urea (10% l^N atom excess)was used to evaluate
fertilizer-N recovery by dry season rice grown in mi crop lots of the
Regional Research Station, Orissa University
of Agriculture
and
Technology, Bhubaneswar (20°5' N, 85°50' 'E 100 m above MSL), I n d i a .
The soil (surface texture: sandy loam, BD,: 1.7 g/cm ,pH:6.5, OC:0.42%,
total N: 0.043 %, CEC: 5 cmol (p"*) kg"3.) is a member of fine loamy
mixed hyperthermic family of Haplaquept.
Materials and Methods.
Twenty eight
days old rice seedlings
(cv. P a t h a r a , 110 d duration) were transplanted in polythene enclosed
microplots (0.79 x 0.5 m. Closed system, CS) a s well a s in an
equivalent area without polythene enclosure (Free system, FS) with 50
kg P2U5 / n a a n d 60 kg K20/ha as single super phosphate and muriate
of potash, respectively. Tagged urea was broadcast on pond water in
two equal splits @ 38 kg N/ha both a t transplanting and a t maximum
tillering s t a g e . Specially designed ammonia t r a p s were set up in order
to measure volatile ammonia l o s s . Soil samples and over ground plant
samples were collected for determination of total N and % *5N a . e .
Results and Discussion. The yield of grain and straw of rice both in
the closed and free system were closely comparable (Table 1 ) , whereas,
N-uptake and % Ndff values for CS were higher than in the FS. Out
of 76 kg of applied urea-N, the crop utilised about 24% and 17.9%;
46.2% and 40.8% remained in the soil within 0 to 30 cm, whereas 7%
and 6.3% were volatilised as NH3 gas in the CS and FS, respectively.
The unaccounted for N was 22.69% in CS and 35% in FS (Table 2) . The
experimental findings of Krishnappa and Shinde (1980) closely agree
with that recorded during the present study. The lower crop recovery
and higher unaccounted for fraction of fertilizer-N under the FS
micropiot treatment
appear plausible probably on account of the
greater l a t e r a l seepage of water (and dissolved nitrogen) out of the FS
micropiot. It was observed t h a t % Ndff values for fertilizer-N decrease
with increasing depth both in the CS and FS. At harvest of the rice
crop, about 35 kg of applied * 5 N were left within 0-30 cm soil depth
in CS and 31 kg in FS treatment.
1.

Soil Scientist and Professor (ISDA/ARS), University of Nebraska,
Lincoln, NE, USA.
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T a b l e 1.

Yield a n d f e r t i l i z e r - N

uptake.

Parameter

Closed system
Grain
Straw

Yield

(t/ha)

4.5

3.86

4.5

3.97

N uptake (kg/ha)

58.05

26.25

51.75

20.25

% Ndff

22.50

19.90

19.10-

18.50

% Ndfs

77.50

80.10

80.90

81.50

Table 2.

Recovery of f e r t i l i z e r - N
free (FS) system

applied

F r e e system
Grain
Straw

to r i c e

in

closed

(CS)

Parameter

Closed system
kg/ha
%

F r e e system
kg/ha
%

Total15N applied

76

-

76

-

Total 1 5 N uptake b y
r i c e crop ( g r a i n +
straw)

18.28

24.05

13.62

17.92

*5N
volatilised as
NH -N

5.35

7.04

4.80

6.32

N present in soil
35.13
(0-30 cm) a f t e r h a r v e s t

46.22

30.97

40.75

Unaccounted for 1 5 N
(seepage/denitrifi cation a n d / o r locked up
in s o i l l a y e r s below
30 cm)

22.69

26.61

35.01

15

Literature

17.24

and

cited.

K r i s h n a p p a , A.M. a n d S h i n d e , J . E . (1980) .
F a t e of
N - l a b e l l e d u r e a f e r t i l i z e r u n d e r c o n d i t i o n s of t r o p i c a l flooded
r i c e c u l t u r e . I n Soil n i t r o g e n a s f e r t i l i z e r or p o l l u t a n t . IAEA, V i e n n a ,
STI/PUB/535. p .
127-143.
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NITROGEN SUPPLY EFFECTS ON BIOMASS, YIELD AND ITS COMPONENTS OF
BEANS Phaseolus vulgaris L.
J. S. Bayuelo J*., J.A. Escalante E, J. Kohashi S1. and G. Baca2 C. Centro de Botanica1 and
Centro de Edafologia2. Colegio de Postgraduados, 56230. Chapingo, Méx. MEXICO.
Introduction. The nitrogen is an essential component of the biochemical constituens that drive yieldproducing processes. Some studies under field conditions have been demonstrated that a nitrogen
deficiency cause that the bean yield decrease (Westermann et al., 1981; Escalante y Escalante, 1992;
Escalante y Kohashi, 1993). Nevertheless, an excess of nitrogen can cause similar results. Basic
relationships to quantify this effect in bean, has not been understood completely. It was the objetive
of this study.
Materials and Methods. The study was carry out in Chapingo, Méx. C'ultivar Cacahuate 72, a
variety with a determinate (Type I) growth habit and a 16 days flowering period was used. Plants
were grow hydroponically, one per pot in a greenhouse using a complete nutrient a solution (Steiner,
1984) and per lite substrate. One pot with its plant represented an experimental unit. The treatments
of nitrogen were applied variryng the nitrogen content in the Steiner's solution: a) 1 meq N0 3 /L
(Nl); b) 3 meq NOVL (N3); c) 6 meq NO,/L (N6) and 9 meq NOVL (N9). The experimental
desing was a completely randomized with five replications. At physiological maturity the biomass per
plant, grain yield per plant and its components were determinated.
Results and Discussion. The biomass and yield shown a quadratic relation with the N supply
(figures 1 and 2). The model Y= 21.58+14.91N-1.21 N2 and Y= 13.83+6.09N-0.52N2 explained
the 85% and 65% of the changes in biomass and yield by N effect, respectively. This model indicated
a N optimum level of nitrogen (6 meq NOVL) in solution, and that in more high N levels the
biomass and yield decreased by N toxicity (leaf damage were observed).
Of the yield's components presented in table 1, the seed number/plant and pod number/plant shown
a similar response to the yield in relation to N supply. The seed size and seed by pod do not affected
by changes in the N level.

Table 1. Yield and it's components as are affected by N supply.
TRAT
Nl
N3
N6
N9
C.V(%)
ProbF
DSH5%

Yield g/plant
21.1b
32.8a
30.8ab
27.lab
20.9
**

Seed/plant

Size seed Tme)

51.7b
94.5a
102.8a
85.2a

10.6

17,3

0.41a
0.34a
0.30a
0.32a
25.7
NS
0.16

11.5
**
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Pods/plant
10.8b
21.2a
18.6a
18.2a
16.01
**
5.08

Seed/Pod
4.8a
4.6a
5.2a
5.0a
13.6
NS
1.18

It demonstrate that the similary to the ocurred when the beans suffer other deficit type e.g. water
(Mojarro, 1977), the N deficit or and excess decreased the seed number and pod number. This
components explained in a 94% y 96% respectively, the changes in the yield.

:
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Effects of Nitrogen Supply on N Total Accumulation,
Remobilization and Harvest Index in Sunflower under Drought
J. A. Escalante E., M. T. Rodriguez, and A. de Haro. Centro de

Botanica,

Colegio de Postgraduados, Chapingo, México, and Consejo Superior de
Investigaciones Cientificas, Cordoba, Spain.
Introduction. Some studies in sunflower with irrigation have
reported that the N total accumulation and the seed yield are
increased with the N fertilization (2). The N remobilization
toward the seed, ocurred as in irrigated as unirrigated
conditions (3),but it appears to be higher under drought.
So, the aim of the study is determinate the effect of N
fertilization on N accumulation,the remobilization and N
harvest index in sunflower with postflowering drought.
Materials and Methods. Two sunflower hybrids, early
(AB-E353) and late (Sungro 380) season types were grown in
Cordoba Spain in a sandy loam soil in 1987 and 1988.
Nitrogen (N+) at a rate of 150 kg ha-1 (1987) and 300 kg ha-1
(1988) was applied before planting (March 18). The control
(NO) was the soil natural fertility. The design was a split
plot with four replicates. The population density was 100,000
plants ha-1. The N accumulation (kg ha-1) was calculated with
the dry weight and N concentration per organ, the total
accumulation as the addition of N accumulated in each organ.
The N harvest index was the relation N accumulated in seed to
total accumulation. The remobilization (R) from stem and leaf
was obtained with the eguation:
R=(N at flowering-N at harvest/N at flowering*100).
Results and Discussion. In both years, The N accumulation in
sunflower was increased with the N fertilization. Sungro per
longer growth showed a higher N total accumulation in the
seed than AB-E353 (table 1). This suppose a large opportunity
of time and major capacity to explore the subsoil for N
extraction. The N harvest index of the genotypes decreased
with N fertilization,because N+ was under watered conditions
during postflowering more severe than NO, that avoid a higher
N translocation to the seed growth (1). Although, the N
remobilization from the shoot for the seed was higher in N+,
maybe by its major storage capacity. The leaf as it is shown
in the table 2, was the organ with higher N available to the
seed.
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Table 1.Total N accumulation by the crop at final
harvest,seed N accumulation and N harvest
index as affected by N cupply.
Genotype

N

kg N/ha
Total
Seed
87
88
87
88

NHI
87

88

ABE353

NO
N+

71
94

73
166

49
60

53
118

.68
.64

.73
.71

SUNGRO

NO
N+

86
108

102
172

45
49

56
90

.51
.45

.55
.52

Prb. F

G
N
G*N

NS
**
NS

NS
**
NS

NS
**
**

NS
**
**

**
NS
NS

**
*
NS

*P<0.05;**P<0.01;NS= nonsignificant at P<0.05.
Table 2. N apparent remobilization of stem and leaf and
proportion that represent the N remobilization
in relation to the N accumulated in the seed to
the final harvest.
Genotype

N

Remobilization (%)
N seed/ N shoot*100
Stem
Leaf
87
88
87
88
87
88

ABE353

NO
N+

53
41

37
59

81
80

50
73

74
82

27
66

SUNGRO

NO
N+

13
13

42
27

78
68

55
59

100
100

57
78

G
N
G*N

NC

NS
NS
NS

NC

Prb. F

NS
*
NS

NC

NS
**
NS

*P<0.05;**P<0.01;NS=nonsignificant at P<0.05.NC=no calc.
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Influence of Nitrogen Fertilization on Cotton Response to
Soybean and Sorghum Rotations
J. E. Matocha, D.L. Coker and F.L. Hopper. Texas A&M University
Agricultural Research & Extension Center, Corpus Christi, Texas, USA.
Introduction. Producer interest and use of conservation tillage (reduced till) has increased in the
South. Factors influencing this change include economics and conservation of soil and moisture.
Reduced tillage allows more crop residue to remain on the surface, thereby reduces evaporative losses
and, in some cases, increases crop yield (2,3,6).
Use of proper crop rotations can be instrumental in improving weed control, nutrient utilization and
crop yields (1,4,). Cropping systems which utilize biological N fixation are important in maximizing
fertilizer N use efficiency (5). Previous research evaluating crop rotations including legumes under
conservation tillage is limiting. The objectives of our research were: 1) develop crop rotation/tillage
systems and fertility levels for profitably production of major crops, grain sorghum and cotton, and
2) investigate the contribution of a legume to the N fertility need of cotton grown under reduced (RT)
and conventional tillage (CVT) systems.
Materials and Methods. This experiment was conducted at the Texas A&M University Agricultural
Research & Extension Center at Corpus Christi for four years (1990-93). Grain sorghum (Sorghum
bicolor, (L.) Moench, variety DK 37) and cotton (Gossypium hirsutum, variety CAB-CS) and soybean
(Glycine max, variety NK 452) were grown on a Victoria clay soil (Udic Pellusterts). Seeding rates
were 210,000, 198,000 and 237,000 seed ha'1 for grain sorghum, cotton, and soybean, respectively.
There were three different fertilizer N rates used in each cropping and tillage system. The three N
levels were no fertilization, 0.5X rate (34-22-0 kg ha"1) and the 1 OX recommended soil test rate (6844-0 kg ha"l). All fertilizer was preplant banded in a 10 x 10 cm placement. The experiment was
conducted in a randomized block design and replicated four times. Crop rotation systems were
compared as main plots. Reduced tillage (total 5 tillage operations) was compared with conventional
(10 tillage operations) in a split-plot design. Fertilizer rates were evaluated in a split-split plot design.
Results and Discussion. Yields for the first year (1990) were drastically reduced due to drought and
are not presented. In 1991, no significant differences in lint yield among rotation systems were
measured regardless of N rate and tillage system. Cotton responded to the high N rate (68 kg ha"1)
following sorghum when grown under conventional tillage. In the SB:Cot rotation, response was
obtained to only the medium N rate. Under reduced tillage, no response to N rate was measured in
the SB:Cot system while a linear relationship between lint yields and N rate was apparent in the
Sorg:Cot rotation.
The scheduled sequence of crop rotations for 1992 did not provide an evaluation of rotation effects
on cotton. However, data showed that cotton grown under reduced tillage was as productive as
conventionally tilled cotton. Data for the fourth year of the experiment (1993) are summarized in
Figure 1. The contribution of soybean grown in alternate years with cotton in an unfertilized system
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was strongly reflected in 75% and 92% yield increases for conventional and reduced tillage systems,
respectively. As N rate was increased to 34 kg N ha'1', 12% and 31% increases in lint yields were
measured for the same tillage systems. Higher N rates in the conventional system reduced benefits from
the soybean, but in the RT system, the legume contribution caused a 17% boost in lint yields.
In summary, the results indicate that the net contribution from the legume grown in rotation in
alternate years with cotton increases with time and will vary from 12% in the second year to 92% in
the fourth year. Cotton grown under RT produced average yields equal to those with CVT tillage but
benefits from the legume were greater in the RT system.
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ansrent ea
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Reduced

Figure 1. Effect of soybean in crop rotation and tillage on lint yields at three N
fertilizer levels (T-5-93). Bars topped by the same letter are not significantly
different at the P=0.05 lever (Duncan's multiple range test).
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Field Response of Maize to Nitrogen and Evaluation of the
CERES-Maize Model: Light Interception, Dry Matter
Accumulation, N Uptake, and Yield Components
D. M. Beg*, K. .1. Boote, J. W. Jones, J. VI. Bennett, E. A. Hanlon, and .1. B. Sartain.
FONAIAP, Centro de Investigaciones Agropecuarias del Estado Yaracuy, Venezuela,
and University of Florida, USA.
Introduction. Nitrogen is a major determinant in most important processes of plant life. The
efficiency of utilization of solar energy by crops is related to growth and development. Those aspects
are associated with N utilization by plant tissues, which ultimately depends on the amount and
availability of N in the soil. Simulation models have been developed for most important crops.
Some of them integrate the effects of weather, soil properties, and plant characteristics on agricultural
production. Nevertheless, their applicability requires of validation procedures based on field
experiments, where the greatest possible number of plant variables should be tested (4). The N
version of CERES-Maize is designed to predict the effects of cultivar, planting density, weather, and
soil water, upon growth and yield. Additionally, it simulates the soil and plant N dynamics and their
effect on crop behavior (2, 3). The objectives of this study were to: 1) evaluate the field response of
maize to N during the growing season: leaf area, light interception, crop growth and development,
dry matter partitioning, and yield components; 2) test the CERES-Maize model in terms of the
mentioned physiological traits; 3) relate the seasonal distribution of N in the crop to values predicted
by the model.
Materials and Methods. The field phase was carried out on a Paleudult at Gainesville, Florida. The
soil was characterized by values of pH close to neutrality, high contents of P, Ca, and Mg, medium
content of K, and no micronutrient problems. Organic matter ranged from 0.9 to 2.0 percent.
Treatments consisted of six N levels: 0, 40, 90, 150, 220, and 300 kg N ha"'. Hybrid Pioneer 3192
maize was sown at an inter and intrarow spacing of 91 and 15 cm. All P and K were applied at
planting time, at a rate of 625 kg ha'1 of the formula 0-10-20. Nitrogen, as ammonium nitrate, was
applied broadcast over the soil surface in three equal fractions, at 6, 21, and 53 days after planting.
Irrigation was applied as necessary using overhead sprinklers. Photosynthetically active radiation
(PAR) intercepted by the crop canopy was determined taking measurements biweekly, starting at 21
days after planting. Plant samples were collected from 1.2 m of row at 21, 35, 49, 63, 77, 91, and
105 days after planting. Two-plant subsamples were separated in stems, leaves, husks, cobs, and
kernels. Leaf area was determined on leaf blades. Subsequently, the subsample components and
remaining samples were oven-dried at 60°C, and weighed. To determine N distribution and
accumulation in plant tissues, dry samples were digested, and analysis of ammonia was performed
using semi-automated colorimetry. Mineral N distribution in the soil profile was determined by
extraction with KC1 and colorimetry. Plots were harvested at physiological maturity, recording
numher of plants, number of plants without ears, number of ears, seed weight, and cob weight.
Calculations also included seed number per unit land area, seed number per ear, kernel weight, and
shelling fraction.
In order to test the CERES-Maize model, model outputs were compared to experimental data from
this study. Input files were crested through DSSAT (1). The selected areas for comparison included!
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phenology, leaf area development during the growth cycle, leaf area index (LAI) maxima, light
interception, aerial biomass accumulation over time, dry matter accumulation in ears over time, aerial
biomass N uptake, grain N concentration, grain N uptake, and final harvest data: aerial biomass, grain
yield, seed number, and kernel weight.
Results and Discussion. Nitrogen rates affected dry matter accumulation during the season with
increases between 0, 40, and 90 kg N ha"1. Maximum crop growth rate (CGR) of 33.2 g m'2 d' was
reached at 300 kg N ha V Nitrogen deficiency delayed leaf emergence and silking at 0 and 40 kg
N ha"1, and reduced LAI. Radiation use efficiency (RUE) increased from 0.87 to 1.80 g MJ"' between
0 and 90 kg N ha"1, with no appreciable further increase at higher N levels. Nitrogen fertilization
increased grain yield, seed number, kernel size, and shelling fraction. Maximum grain yield of 10.2
Mg ha"1 was achieved at 300 kg N ha"1. Harvest index increased from 0.28 under no N application
to 0.47 at 300 kg N ha"1. Seed number was directly related to LAI maxima, to CGR, as well as to
final yield. Nitrogen accumulation in plant parts during the season was affected by rates of N
applied. Total N uptake was closely related with aerial biomass and with grain yield. Crop RUE
increased asymptotically with N uptake in green leaves and with total N uptake. Crop RUE and CGR
increased with increasing specific leaf nitrogen (SLN). CERES-Maize predictions of emergence,
silking date, and physiological maturity were within one day of observed events for high N
treatments, but did not account for the effect of N deficiency in silking and maturity delay for low
N levels. Observed and simulated values of LAI were close at early stages of plant development,
but maximum LAI was underestimated at high N rates. Measured and predicted aerial biomass over
the season were in relatively good agreement. Grain yield was generally overestimated, especially
at the lower N rates. Individual kernel weight was overpredicted at 0 and 40 kg N ha"1. Grain N
concentration was underpredicted at low N treatments and overpredicted at high N treatments. There
was a good agreement between experimental and simulated values of seed number, N uptake in grain,
and total N uptake.
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Applied Nitrogen Absorption and Eating Quality of Rice
M. Nishida*, A. Ida and F. Tanaka. Kyushu National Agricultural Experiment
Station, Chikugo, Fukuoka, Japan
Introduction. Recent years, eating quality of rice has become very important in Japan as well as
yielding ability. Rice produced in south-western region of Japan has been, evaluated as low eating
quality, then improvement in quality has become necessary. Eating quality of rice is one of
varietal charasteristics, but it also could be affected by cultivation practices. Nitrogen fertilizer
application is one of the significant factors affecting the eating quality, because grain with high
nitrogen content is evaluated as low eating quality(l). The purpose of this study is to investigate
the effects of applied fertilizer nitrogen absorption on eating quality of rice.
Materials and Methods. Rice cultivar "Hinohikari" was grown in the experimental field of
Kyushu National Agricultural Experiment Station(fine textured grey lowland soil) under eight
different patterns of nitrogen fertilizer apllication as shown in Table 1. "Hinohikari" is newly
released cultivar of high eating quality in south-western Japan.
Table 1. Time and amount of nitrogen fertilizer application(gNm' 2 )
Plot
0-0-0
5-0-0
5-0-2
5-2-0
5-2-2
8-0-0
8-2-2

Basal dressing
0
5
5
5
5
8
8

Top dressing la)
0
0
0
2
2
0
2

Top dressing 2'
0
0
2
0
2
0
2

a): Top dressing 1 and 2 was applied 20 and 10 days before heading time respectively.
Applied nitrogen absorbed by rice plant at harvest time was examined by 15N tracer technique(2).
Eating quality of harvested rice was evaluated by organoleptic test. The test was conducted by
comparing cooked rice of each treatment by 30 panel with rice cultivar "Nipponbare" which is
provided commonly as standard for eating test in Japan.
Results and Discussion. A significant correlation was obtained between the eating quality value
and nitrogen content of brown rice as reported by Chikubu (Table 2). Nitrogen content of brown
rice was strongly related to nitrogen absorption of shoot as well as grain yield. Nitrogen contents
in brown rice was increased by top dressing as both application times. However, it was greater in
top dressing 2 than in top dressing 1. Higher value of eating quality was obtained in the plot of
5-2-0 and 8-0-0 without remarkable yield reduction.
Mean rate of nitrogen in brown rice from top dressing 2 was 9.4%, while that of top dressing 1
was 8.6% (Table3). This supports higher nitrogen content in brown rice and lower eating quality
in top dressing 2 applied than others. That means grain absorb applied nitrogen immediately when
nitrogen application is close to heading time. Nitrogen application close to heading time resulted in

320

high nitrogen content in grain and low eating quality.
Table 2. Yield, N absorption, N content and eating quality value.
Plot

Grain yield
(gm 2 )

0-0-0
5-0-0
5-0-2
5-2-0
5-2-2
8-0-0
8-2-2

381
415
460
475
505
452
520

N absorption
of shoot(gm"2)
6.59
7.18
9.11
8.53
10.18
8.79
10.16

N content of
brown rice(%)

Eating quality
value
+ 1.00
+0.92
+0.80
+0.92
+0.80
+0.90
+0.60

1.08
1.04
1.15
1.11
1.16
1.11
1.16

Table 3. Rate of nitrogen origin in brown rice
Plot
5-0-0
5-0-2
5-2-0
5-2-2
8-0-0
8-2-2

Basal dressing(%)
18.0
15.1
14.9
15.4
25.7
20.6

Top dressing 1(%)
0
0
8.9
10.3
0
6.7

Top dressing 2(%)
0
10.0
0
9.9
0
8.3

Others(%)
82.0
74.9
76.2
64.4
74.3
64.4

On the other side, tap dressing applied early stage results yield decrease. Time and amount of top
dressing at ear formation stage should be applied by considering balance of yield and eating
quality. Further investigations should be needed to decide the appropriate time and amount of
nitrogen application for higher eating quality.
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SOIL MOISTURE AND NITROGEN EFFECT ON
THE GRAIN YIELD AND PROTEIN CONTENT OF
AMARANTH (Amaranthus hypochondriacus L.)
A. Trinidad Santos, L. Pulido Madrigal, and D. Rosas Calleja.
Centro de Edafologia, Colegio de Posigraduados, Montecillo,
Méx., México.
Introduction. In pre-columbian times grain amaranth was one of the basic foods
of the New World, and it was as important as corn and beans for many ethnic
groups of America. Thousands of hectares of Aztec, Inca and other farmlands of
America were planted with different types of amaranth. In Mexico, some 20 000
ton of amaranth grain were sent from 17 provinces to Tenochtitlan (present day
Mexico City) in annual tribute to the Aztec Emperor Moctezuma (Amaranth,
Nacional Academy Press, 1984). Amaranth is a nutritional valuable crop. The
total protein content of grain amaranth is 16%, this is slightly higher than that of
most common grains. But the most important of all, is that the amaranth grain
has a unique protein which is high in the amino acid lysine. Amaranth crop
requires high levels of nitrogen and potassium (Sabori, 1989), and is a C4 plant
that has potential in areas with limited rainfall. Researchers from China reported
that the water requirements for growing amaranth is 42-47% that of wheat, 51 62% that of corn, and 79% that of cotton (Shaoxian and Hongliang, in Amaranth
Grain Production Guide, Rodale Research Center, 1988). Kenya farmers, in
regions with marginal rainfall, plant amaranth rather than corn because there is
less risk of a crop failure with amaranth (Gupta, V.K. Pers. comm. University of
Nairobi, Kenya). In Mexico, amaranth was planted in a region of Hidalgo state,
under limited rainfall conditions (300 mm per year) in 1988 and 1989. The grain
production was 200-500 kg/ha where as corn did not give any grain yield (Pers.
comm., Project, San Miguel, Huichapan, Hgo.). Amaranth is a prospective
dryland crop for farmers in semi-arid areas. In irrigated areas, amaranth is an
alternative for farmers seeking to reduce irrigation costs (Amaranth Grain
Production Guide, Rodale Research Center, 1988).
Considering the above information, a greenhouse experiment was carried out to
study the effect of different levels of soil moisture and nitrogen fertilizer on the
grain yield and protein content of amaranth, aztec grain type.
Materials and Methods. The levels of 11, 15, 19 and 23% of soil moisture
treatments combined with 0, 125, 250 and 375 kg N/ha as ammonium sulfate
were studied using a loam clay sandy soil, low in N, with 7.6 pH.
The field capacity and wilting point of the soil were 25.4 and 13.1% respectively.
To grow the amaranth, 5.9 kg of soil were used in a clay pot, starting the
moisture treatments 18 days after seed emergence.
The soil moisture for each treatment were controlled by adding to the pot, enough
water to get again the weight of the pot at field capacity of the soil. The process
was corrected by increasing the weight of the pot due to the growth of the plant.
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Results and Discussion. The highest yields of grain and dry matter were
obtained on the high level of moisture and nitrogen treatment. At low level of
moisture treatment (15%) the yield of grain got plateau with 125 kg N/ha. At high
level of moisture (23%) the grain yield did not get plateau with the highest level of
N (375 Kg/ha) (Fig. 1). However, the rate of dry matter yield decreased after 250
Kg of N application when moisture treatment was 23%, and after 125 Kg of N
application when moisture treatment was 15%. The protein content of the grain
was lower at high level of moisture, and higher at low level of moisture as a result
of dilution or concentration effect of nitrogen in the plant. At low level of moisture
the protein content of the grain varied from 13.1 to 16.8% and at high level from
12.6 to 16.2%, with increasing nitrogen application from 0 to 375 kg/ha. At high
level of moisture treatment and high level of nitrogen application, the plant was
comported as a short season variety; and a low level of moisture and high
nitrogen treatment the plant seemed to be a long season variety (Fig. 2).
The results may be important for the crop management purposes of the
amaranth under normal, arid and semiarid conditions.
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Effect of Nitrogen Source and Rate on Yield and Quality of
Flue-cured Tobacco Production in China
Z. H. Cao, X. R. Zhou, Y. X. Lin and Z. L. Li. The Institute of Soil Science
Academia Sinica Nanjing 210008, People's Republic of China.
Introduction. Both total output and area of flue-cured tobacco production in China
were ranked the number one in the world. However the average yield per hectare and
the quality of Chinese cured leave have not been met with international level yet. The
inferior quality of cured leaf not only reduce its market value but also increase its
harmful to smoker's health. Therefore, to improve quality and increase the yield per
unit is very important. One of the main limiting factors is improper fertilization
particularly the rate and source of N fertilizer (1).
Materials and methods. The nutrients uptaken pattern and above mentioned variables
were determined and tested by a serial field trials during last 7 years. Mineral fertilizer
such as NaN03, KN0 3 , (NH4)2S04 Ca(H2P04)2 and K2S04) and organic nitrogen (oil
rape seed and soybean residues) were used in these studies, 4 to 5 rates of N (22kg to
90kg Nha') and 3 to 4 replication in randomized complete block design were adopted.
Field experiments were arranged in north and south, tobacco production area in
representing two type of soils (calcareous, sandy loam in the north; and red yellow soils
with pH<6.0, clay in the south) used for tobacco production in China.
Results and Discussion. Nutrients uptaken pattern of field grown tobacco plant is
expected vary considerably from year to year and place to place, however, Fig. 1 is a
representive pattern for south tobacco production area in China. The growth rate and
absorption of N and K were increased very rapidly at 5 weeks after transplanting, and
it is gradually decreasing at 11 weeks after transplanting. It indicated that large quantity
of available N and K should be supplied as early as possible to ensure the rapid
growth, that its supply must be stoped at 10 weeks after transplanting to induce proper
yellowing and mature of tobacco leaf. There is an adverse effect on yield and quality
of cured leaves when large amount of NH4+-N exsisted in rhizosphere and it may cause
ammonium toxicity under strong acid condition (1, 2). On the other hand, N03"-N
consistently produced better yield and quality tobacco in most tested condition in China
(Table 1).
Chinese tobacco farmer enjoyed in use organic manure in tobacco production, however
it is difficult to predict and control the rate of N released and the amount of N
available from organic fertilizer. Results showed that it may restrict the early growth
due to deficient of N or delay the mature in late stage due to too much N. The
evaluation made by official grader of U.S.A. tobacco leaf company indicated that the
best aroma and flavore leaf was treated by N03"-N, and the worst quality often treated
by organic N. Fig. 3. showed the relationship between N rate and yield, total alkaloids
and reducing sugar of cured leaves. The suitable N rate for specific location usually
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Table 1. Effect of N source on yield and quality of flue-cured tobacco
(1986 Henan. China)
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depend on the field experiments, experiences and refer to climatic prediction. It also
showed that effects of N rate on total alkaloids and reducing sugar are contrariwise.
In conclusion, N03'-N meets the needs of the N uptaken pattern of flue-cured tobacco,
thus it may promote the rapid early growth or induce the proper yellowing and mature
leading to high yield and better quality cured leave. At present, 40-56 and 70-80 kg N
ha"1 are suitable rate of N for north and south China tobacco production area, at least
50% of basal N must be in N03'-N form, while for topdressing N could be in 100% of
N03--N.
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Effect of Integrated Nitrogen Management on Rice
yield, N Uptake and N-Use Efficiency in Different Soil
Types
S.K. Mohanty*, D. Panda and R.N. Samantarav. Central Rice Research
Institute, Cuttack 753006, Orissa, India
The increasing cost of fertilizers has a serious impact an far-mers particularly in developing
countries like India where the socio-economic conditions of the average farmer is not up to the
mark so as to use the recommended dose of fertilizers for maximization of yield. Since the
efficiency of applied nitrogen for rice hardly exceeds 30-35% the farmers in the traditionally
rice growing areas do not take the risk of applying even the recommended dose of nitrogen.
As a result, the crop is under-nourished and ultimately poor yield is obtained. The role of
organic matter in building soil fertility status is well established. Supplying required amount
of N to the crap in the form of organic matter would demand application of large amount which
also is not possible for the resource poor farmers. Hence integration of organic and inorganic
sources of N is possibly the best choice before the farmers. Multilocation experiments were
carried out in India on different soil types of rice growing areas to examine N-use efficiency of
integrated N management. The results obtained from these experiments are presented in this
paper.
Field experiments were carried out at seven different locations in India namely at the Cuttack,
Orissa (Aerie fluvaquept with pH 5.8, 0.06896 N, 0:43%6 C, 23 ppm available P, 1.3 ppm exchangeable K), Kalyani, West Bengal (Typic Fluvaquent, pH 6.6,0.08% N, 0.56% C, 3.6 ppm available P
and 3 .8 ppm available K), Samastipur, Bihar (Calci Ustifluvert, pH 8.7, 0.038% N, 0.38% C, 4.5
ppm available P, 28 ppm available K), Pantnagar (Typic Hapludoll, pH 7.6, 0.10% N, 1.18% C, 22 .
5 ppm available P and 158 ppm available K), Palampur, Himachal Pradesh (Typic Hapludulf, pH 5.5,
1% C, 0.042% N, 4.6 ppm available P and 100 p m available K), Kankanady, Karnataka ( Aquic
Tropets, pH 5.4, 1.05 C, 0.14% N, 58.6 available P and 120.3 ppm available K) and Pattambi (Aquic
Hapludulf, pH 5.2, 1.3% C, 0.048% N, 3.6 ppm available P and 66.5 ppm available K). Nitrogen was
in 1 :1 proportion on nitrogen basis as
applied as basal dose at two levels 60 and 90 kg N ha
urea and organic source at transplanting of rice. A flat dose of 45 kg P205 and K^O each per ha
were applied at transplazsting. There were 9 treatments viz. , Control (no N) , FYM + urea
(30 N + 30 N) , green manure (GM) + urea (30+30), Azolla + urea (30+30), urea (60 N), FYM + urea
(45 N + 45 N), GM + urea (45+45), Azolla + urea (90 N). Dry matter production (grain + straw) were
recorded at harvest. The plant samples were analysed for N content and total N uptake N use
efficiency were computed.
There was response to nitrogen application in five locations, but not at Palampur and Pattambi.
The grain yield was in the ranges of 3051 to 4843 kg ha" 1 at Cuttack , 1813 to 4035 kg ha" at
Kalyani, 2000 to 3717 kg at Samastipur, 2519 to 3686 kg at Pantnagar, 2444 to 3898 kg at
Palampur, 1970 to 2756 kg at Kankanady and 5413 to 5618 kg at Pattambi. The lowest yield was
obtained with control (no N) treatment at all the locations where as the highest yields were
obtained at 90 kg N ha" level applied as GM + urea at Cuttack, as urea at Kalyani, Samastipur and
as Azolla + urea at Pantnagar, and at 60 kg N ha" level applied as GM + urea at Kankanady and as
urea at Palampur and Pattambi. GM + urea produced significantly higher grain yield than urea
alone at Cuttack. On the other hand GM + urea, Azolla + urea and FYM + urea gave comparable grain
yield with urea at all the locations. Similar trend with respect to straw yield was also
observed. Total N uptake varied from 37.63 to 65.64 kg ha" 1 at Cuttack , 27.41 to 69.63 kg at
Kalyani, 23.29 to 42.01 kg at Samastipur, 46.30 to 78.76 kg at Pantnagar and 34.28 to 57.63 kg at
Palampur. The lowest uptake at all locations was with control where the highest was with GM +
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urea, urea alone, Azolla + urea and GM + urea at Euttack, Kalyani, Samastipur and Pantnagar and
Palampur respectively.
Nitrogen use efficiency decreased with increase in level of nitrogen from 60 to 90 kg N ha" . At
Cuttack the highest N use efficiency of 20,4 kg was obtained with GM + urea at Kalyani (26.9 kg)
with urea, at Samastipur with urea (19.1 kg), at Parst-nagar with Azolla + urea (17.6 kg), at
Palampur with urea (23.1 kg and at Kankanady with GM + urea (14.7 kg). Among the locations the
highest N use efficiency of 23.5 kg was reported from Kalyani and the lowest from Pattambi where
there was no response to N application. Higher and prolonged nitrogen availability in the soil was
observed in case of integrated nitrogen management treatments than urea application alone.
It can be concluded from these studies that integrated N management involving organic and
inorganic sources was comparable or even better than application of urea alone. GM + urea was
better than urea alone at Cuttack and Kankanady, whereas Azolla + urea was better at Pantnagar.
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UPTAKE AND REDUCTION OF N-NO3 IN SEVERAL
MAIZE GENOTYPES.
R. Paredes M.1, J. Velazquez-Mendoza ^, V.A. Gonzalez H.2, and
E.Villarreal F. J . l . IJSARH-INIFAP-CIFAP-Guanajuato, Mexico; 2) Centros de
Edafologia y Genetica, Colegio de Postgraduados, Montecillo,
56230, Texcoco, Mex. Mexico.

Introduction. Maize efficiency for nitrogen uptake has been estimated in 20 to 50% of the total
amount applied to the soil (Velazquez-Mendoza and Villagómez, 1990). Thus by exploiting its
reported genetic diversity (Moll et al. 1982) through proper plant breeding methods, N-efficient
maize varieties could be obtained, in which nitrogen uptake, transport, assimilation and
partitioning should be more efficient. However, the relative contribution of these processes to
the nitrogen use efficiency is barely known. To gain a deeper knowledge on the genetic variation
of maize, several Mexican's maize genotypes were evaluated concerning NO3" absorption rate
and nitrate reductase activity.
Materials and Methods. Eight maize inbred lines and their diallelic crosses were grown in a
water culture system under green house conditions. The resulting 36 treatments (genotypes)
were allocated in a completely randomised block design with two replicates in which the
experimental unit was a pot holding four plants. The N-Nitrate type nutrient solution was
prepared according to Hewitt and Smith (1975). The nitrate depletion technique was used to
measure the initial and maximum velocities (Vo, Vmax respectively) and the Michaelis-Menten
constant (Km) which were used to determine the kinetics of nitrate uptake. Nitrate reductase
activity (NRA) was measured with the in vivo technique.
Results and Discussion. Significant differences (P < 0.10) were found among maize genotypes
regarding their values of Vo, Vmax, Km and NRA, as well as in their plant size traits (Table 1).
These results show that the genetic variability observed in these maize lines might be used for
selection and formation of N-efficient varieties. Precisely those maize genotypes that showed
higher activities of nitrate reductase also tended to have higher rates of nitrate absorption and
best values of affinity with nitrate and tended to have also a greater accumulation of dry matter
(Table 2). For instance, the parent lines CP90-27 and CP90-29 had the highest biomass, the
lowest Km, and high values of NRA. In addition the heredability of these traits seems to be
mainly of the additive type, not of the epistatic type, since line CP90-27 did not appear in any of
the three best single hybrids (Table 2). In conclusion our results strongly suggest that there are
an important genetic potential in maize to screen for N-efficient genotypes and to form Nefficient varieties.
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Table 1. Statistical results on morphological and physiological variables of 15
days-old maize seedlings. Chapingo, Mexico. 1992.
VARIABLE
Plant height
Leaf area
Root dry weight
Root length

CME
10.055
44.146
0.001
27799.3

VARIABLE
**
*
**
**

NRA
Km
Vmax
Vo

CME

Pr>F

0.087
0.919
306.02
287.37

0.0001
0.069
0.063
0.061

Table 2. Morphological traits and nitrate use efficiency of the best lines and crosses of 15
days-old maize seedlings, in the N-NO3 efficient use. Chapingo, Mexico. 1992.
GENOTYPE

CP90-24
CP90-27
CP90-29
CP87-16X23
CP87-16X24
CP87-29X16
General
Mean

Root
dry wt
(g)

Leaf
dry wt
(8)

Total
dry wt
(g)

0.124 *
0.129 *
0.148 *
0.140*
0.136*
0.132*
0.122

0.101 *
0.110*
0.112*
0.098 *
0.090
0.117*
0.096

0.225 *
0.239 *
0.260 *
0.239 *
0.226 *
0.249 *
0.218

Km
(uM NO3)
18.59*
18.571
15.49 1
19.37
18.58 1
18.62 1
19.09

NRA
(uM NO2 g "' F wt min "' )
0.447
0.818 *
0.771 *
0.991 *
0.404
0.429
0.474

* Values greater to the general mean; 1 Lower values are the greater affinity to N-NO3.
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Nitrification-Denitriflcation Loss of Fertilizer Nitrogen in
Rhizosphere of Flooded Rice
X. H. Li, Z. L. Zhu, and G. X. Cai. Institute of Soil Science, Academia Sinica,
P. O. Box 821 Nanjing, People's Republic of China.
Introduction. In flooded rice-soil systems, nitrification-denitrification can occur both in site I
and site II (2,3). Many studies on the former has been conducted, but the importance of the
latter has not been identified (2,3). The objective of the present study is to evaluate the
significance of N loss via nitrification-denitrification taking place in site II by direct
measurement of the fluxes of 1SN20 + 15N2.
Materials and Methods. Two rhizobox experiments were carried out in greenhouse. Exp. 1: 600
g air dried soil sample (pH 6.8) was placed in rhizobox. The soil was kept flooded throughout
the experiment and was connected with a fitted cover when sampling N gases. In each rhizobox
12 rice plants were grown in rhizosphere compartment. 35 days after seeding, 5 ml solution
containing 120 mgN was injected into 10 points of the rhizosphere or nonrhizosphere
compartments at a depth of 2.5 cm. (15NH4)2S04 (61.53 atom % 15N) and K15N03 (17.68 atom
% 15N) were used as the N sources. Gas samples were taken every day after injection and were
analyzed for 15N20 + 15N2 (1). Temperature in the greenhouse varied in 32-43 °C. Exp.2: The
procedure was mostly the same as that for Exp.1; the treatments were modified as shown in
Table 2. The temperature was 22-31 °C.
Results and Discussion. It was expected that denitrification loss of added nitrate might be lower
in the rhizosphere treatment than that in the nonrhizosphere treatment, due to the competitive
absorption of nitrate by the plants. However, this was not the case as shown in Table 1. The
denitrification loss from nitrate added to rhizosphere was very high and comparable to that of
nitrate added to nonrhizosphere. In addition, in the first 22 hr the flux of 15N20 + I5N2 in the
former was higher than that in the latter and was lower since then. These seem to indicate that
the denitrification activity was very high in the rhizosphere, and the consumption of nitrate by
plant uptake may reduce the rate of denitrification. It was suspected that the root density may
not be high enough (12 plants/rhizobox) so that there existed reduced microzones in the
rhizosphere treatment. However, Table 2 shows that there was no considerable difference in the
fluxes of 15N20 + 15N2 from added 15N03 between the two treatments of different plant density.
As to the nitrification-denitrification loss of added ammonium, results obtained in the two
experiments both show that it was negligible, implying that the nitrifying activity both in the
rhizosphere and nonrhizosphere soils was very low.
It can be concluded from the present study that (i) denitrifying activity in rhizosphere of
flooded rice is high; (ii) the rate of nitrification of ammonium added into rice rhizosphere is the
limiting factor governing the N loss through denitrification; (iii) though nitrification can take
place in the rhizosphere of flooded rice plants, the nitrate formed will be largely taken up by the
plants and little is available to denitrification; and (iv) the nitrification-denitrification of
ammonium in rice rhizosphere may not be an important mechanism of N loss in flooded rice-soil
systems.
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Table 1. Fluxes of N 2 0 + N 2 emitted from rice plant-soil system (% of added

15

N)

Time period of sampling (hr after l5N applied)
0-22

23-46

48-70

72-94

96-118

119-142

Total
0-142

20.0
10.4

25.0
32.0

11.3
14.8

2.1
3.0

1.4
1.5

1.1
1.9

65.1
68.9

tr
tr

tr
tr

tr
tr

tr
tr

tr
tr

tr
tr

tr
tr

15

N0 3 applied to
Rhizosphere
Nonrhizosphere
"NH 4 applied to
Rhizosphere
Nonrhizosphere

Table 2. Fluxes of N 2 0 + N 2 emitted from rice plant-soil system (% of added

15

N)

Time period of sampling (hr after '5N applied)
Treatment
0-25

53-71

104-122

148-168

196-215

245-266

289-313

Total
0-313

3.8
4.2

2.4
3.0

1.6
1.9

3.4
2.0

48.9
53.7

2.3

1.1

2.4

1.9

44.6

0.013

0.021

0.0083

0.033

0.54

15

N0 3 applied to rhizosphere soil growing
24 rice plants
5.8
2.3
3.8
12 rice plants
6.0
3.6
3.9
l!
N0 3 applied to soil without growing rice
2.8
8.0
5.5
l5
NH4 applied to
Rhizosphere soil
0.0083 tr
0.0041
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Fate of Fertilizer Nitrogen Applied to Wheat and Groundnut
Grown in the Coastal Regions of Orissa, India
K. K. Bandyopadhyay, D. Jena, C. Misra, and J. S. Shepers. Department
of Agricultural Chemistry, Soils, and Biochemistry, Orissa University of
Agriculture and Technology, Bhubaneswar-751003, India.
Introduction. Despite being a low yielder due to a mild and short
winter experienced in the coastal regions of Orissa, wheat is grown
a s a second crop in many irrigated situations. However, groundnut
is a remunerative crop and is extensively grown here both in the
wet and dry seasons.
Materials and Methods.
In order to evaluate the M-use efficiency
by wheat and N-fixing
ability of groundnut using 15N ( 10% a.e.)
tagged urea, field t r i a l s were laid out in microplots (0.92 x 0.92 m)
with wooden cum polythene enclosures reaching 75 cm soil depth in
the Central Research Station of OUAT, Bhubaneswar (20°5'N, 85°50'E
and 100 m above MSL) where the soil (surface t e x t u r e : s a n d y loam,
pH 6.5, O.C.:0.42%, N:0.043% and CEC:5 cmol (p+ )kg"l t h a t increases with depth) is a member of fine loamy mixed hyperthermic
family of Haplaquept.
In addition to s t a n d a r d b a s a l doses of P
and K, 100 kg N/ha a s urea were supplied to wheat in two stages
1
(Tj :50 kg ^N/ha as basal + 50 kg ^ N/ha at maximum tillering
and T2 : 50 kg ^ N / h a as b a s a l and 50 kg 1 5 N/ha at maximum
tillering) and 20 kg 5 N/ha applied to groundnut at the sowing
time. Ammonia traps set up in the microplots enabled estimation of
NH3 -volatilisation loss.
Results and Discussion.
Based on N-uptake, % Ndff for wheat
(Table 1) it was observed that applied N is utilised more efficiently and much less amount remained in the top soil when it was
applied at the tillering time (T2 ) compared with that applied a t
sowing (Tj ) . In the case of groundnut, amount of nitrogen fixed
by the crop at harvest (127 d) worked out to be nearly 42 kg/ha
(Table 2) based on the A-value method (Fried and Broeshart, 1975)
a s against only 21.7 kg reported by Jena and Misra (1990) for the
60 days old (rainfed) wet season crop grown in an acidic (pH 5.5)
upland soil. Nearly 16 kg N/ha were derived by the crop from the
fertilizer source, the share of it in the kernel, shell and the vines
being 6.67, 1.38 and 7.89 k g / h a , respectively.
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Table 1.

Balance sheet of

N applied to wheat
T

Parameter
kg/ha

P

l

kg/ha

-

37.85

-

Total N u p t a k e ( k g / h a ) 31.00

15

2

%
(of 1 5 N a d d e d )

(of

15

%
N added

N uptake

5.59

11.18

8.23

16.46

N v o l a t i l i s e d a s NH

2.69

5.38

1.31

2.62

35.34

70.68

18.61

37.22

6.41

12.82

21.85

43.70

N remaining in

0-30 cm soil
15

N unaccounted for

Table 2.

Yield, N-uptake and N-fixed by groundnut.

Parameter

Kernel

Shell

1.97

1.11

4.54

95.15

18.73

126.98

% Ndff

7.02

7.41

6.22

Fertilizer N uptake(kg/ha)

6.67

1.38

7.89

Yield

(t/ha)

Total N uptake ( k g / h a )

N fixed

(kg/ha)

—

Vine

41.6
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Nitrogen Biofertilizers for Developing Countries
Juana Perez, J.

Roldós. Sugarcane Research Institute.
Ciudad Habana, Cuba.
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Introduction. Cost of inorganic fertilizers has markedly increased in recent years.especially
that of nitrogen, since its elaboration implies energy consumption. Nitrogen is known to be the
nutrient that plants require in a higher quantity which is inmobilized in the form of protein,
nucleic acids and other organic complexes. In consequence,the development of alternative
nitrogen sources has become a first priority. Azotobacter bacteria have been used as biofertilizer for wheat,oats,maize,potatoes and other crops in the ex Soviet Union for many years with
good results. The same holds true in Brazil where they have applied Azospirillum on different
pasture species, such as
Brachiaria decumbens, Pennisetum americanum, Panicum
maximun, etc. A differential response depending on soil, variety and type of biofertilizer
applied has also been reported in India for sugarcane, saving some 25% of mineral fertilizers.
Yield increases among 15 and 30% owing to Azospirillum and Azotobacter application on
sugarcane are found in the literature. These bacteria can not only fix atmospheric dinitrogen by
means of enzyme nitrogenase but also produce growth stimulating substances capable of acting
upon root systems improving nutrients assimilation. The international information available,
together with some preliminar results obtained regarding increases in sugarcane germination
and yields as a consequence of biofertilizer application led us to develop a set of trials under
different soil, climate and management conditions in order to assess the efficiency of nitrogen
biofertilizers.
Materials and Methods. The first step of these studies was the obtention of wild strains with
high potentialities. The scheme applied allowed the selection of strain 8 of Azospirillum sp..
isolated from the rizosphere of the sugarcane variety Ja60-5 in a Pelic Vertisol , Ciego de
Avila province. The strain was identified through morphological and biochemical tests. Its
selection was based on its acetylene reduction capacity which oscillated between 400 and 480
nmol of C^Hjh"1, taking into account the increase provoked on the number and length of roots,
it is to say, in sugarcane vitroplants size and also the enhance of germination and growth of
sugarcane and King grass in pots and small plots experiments. Bacteria reproduction followed
a technology developed by us utilizing a culture media consisting of commercial materials and
chemicals. With this technology a pure, biologically active product was obtained with a title of
109 cel/mL. A set of trials including different sugarcane varieties, ratoons, soil and climate
condictions were carried out to assess crop response to biofertilizers, namely, Azospirillum and
Azotobacter. The Azotobacter biofertilizer is commercially known as Azotoriza which consists
of a wild strain. The reproduction technology developed reaches a title of 1010 cel/mL. Cultures were spread on to the basis of the stools. Sugarcane was weighed at harvest and yield
expressed in t.ha'. Different experimental designs were utilized depending on the conditions
prevailing. An economic evaluation of the applications was also perfomed.
Results and Discussion. Azospirillum applied at doses of 75 to 100 L/ha produced significant
yield increases from 17 to 50% over the control without nitrogen. Also in Brazil, they have
reported yield increases owing to biofertilizer applications on sugarcane growing in soils which
have not been fertilized for a long time. In our conditions, biofertilizers were able to substitute
some 60% of the nitrogen applied in the form of different salts. Indian researches have claimed
for biofertilizers or bacteria culture not replacing inorganic fertilizers but supplemeting them,
although their soils are more degradated than ours.
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In our trials, Azotonza application failed to increase yields at the different doses and methods
used although there was a tread to do so with 60 L/ha. Through the application of Azospirillum
biofertilizer it is possible to reduce fertilization cost from 3 to 5 times in relation to inorganic
fertilizers with and additional profit of 25 to 90 USD/ha depending on soils, ratoons and varieties. The application of the previously mentioned doses has a cost of 27 to 30-USD/ha taking
0,09 USD as unit price per liter of biofertilizer while the application of 100 Kg N/ha in the
form of urea costs approximately 150 USD including P and K. In conclusion it could be said
that the utilization of different types of biofertilizares seems to be promising based on their
beneficial effect on the maintenance of soil fertility. The utilization of Azospirillum biofertilizer on sugarcane and other gramineas could represent an interesting alternative from an
economic viewpoint, especially for developing countries.
Work scheme
Isolation and
quantification
i
Identification
I
Selection
i
Evaluation
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<?© —
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78 —
é»0 —
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Treatment
l.ha
Effects
o f A z o s p i r i l l u m In a
2nd Ratoon.
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Feozem

Table 1: Economic evaluation of Azospirillum biofertilizers application.

Treatments

Additional
yields
(t.ha'1)

Doses

Additional
profit
(USD/ha)

Rhodic Ferralsol Var. Cl 16-75 lsl-Ratoon
Control
0
NH3 anh.
85 kg ha'
Azospirillum
100 Lha"1

10.72
10.79

80.97
103.29

Var. Ja60-5 2nd Ratoon
0
80 kg ha"1
75 Lha"1
100 Lha"1

6.55
6.11
9.86

( 4.93)
37.93
89.96

24.4
16.1
28.4

199.82
130.33
293.18

Luvic Feozem
Control
NH4NO
Azospirillum
Azospirillum

Orthic Acrisol Province Var. Ja60-5 Is' Ratoon
Control
0
UREAP K
120 kg ha 1
Azospirillum Pg0K180
50 Lha 1
100 Lha' 1
Azospirillum P80K,80
( ) Represent losses
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Effects of Different Fertilizer Combinations on the
Content of Mineral Nitrogen in Chernosem Under
Irrigation and Dry Land Conditions
by
G. Vasic*, S. Babic, S. Sredojevic and J. Petrovic. Maize Agronomy and
Mechanization DPT., Maize Research Institute, Zemun Polje, 11080
Belgrade-Zemun, Yugoslavia
Introduction. Mineral nitrogen is one of the most important elements
for plant nurishment, but at the same time, it is a potential
polluter. Namely, excessive use of nitrogeen fertilizers results in
pollution due to nitrate penetration into deeper soil layers, had
sometimes even to sub terranean waters. The objective of this study
was to investigate the dynamics of accessive nitrogen forms (NO,-N,
NH4-N, N02-N) and mineral capability of chernosem in order to find an
appropriate mode of maize fertilizing under irrigation and dry land
conditions.
Material and methods. The investigations were carried out on the
irrigated experimental plot of the Maize Research Institute, Zemun
Polje, on chernosem during 1991. and 1992. The main crop was maize.
The following fertilizer combinations were used on the non irrigated
plot: stover (7 t ha"1) , manure (60 t ha"1) , mineral fertilizer (135
kgN, 123 kg P205, 7 4 kg K.O) , combinations of stover and mineral
fertilizer and manure and mineral fertilizer. The dynamics of
accessible nitrogen forms with addition of different amounts of
nitrogen fertilizer (Urea). 90 kg N ha"1,120 kg N ha"1, 180 kg N ha"1
was observed. Observations of mineral nitrogen trends in soil profiles
up to 180 cm (by layers od 30 cm) were done four times per year: after
fertilizing (april), 9-10 leaf stage (the mid of June), tasseling
stage (the mid of July) and full maturity stage of maize (October).
The accessible forms of mineral nitrogen (N-min) were determined by
the residual mineral nitrogen methods, introduced by Scharpe and
Weharmann, which is used for our conditions too.
Results and discussion. The high content of all three forms of
accessible nitrogen was found in soil samples fertilizer by mineral
fertilizers in combinations of mineral fertilizer - manure and mineral
fertilizer - stover under dry land conditions. The content of mineral
nitrogen was decreasing during the growing season of maize. The
highest content of mineral nitrogen was noted in June during 9-10 leaf
stage as a result of lower nitrogen adoption by plant, intensive
mineral capability and fertilizer amounts taken in. Significant
decrease of the content of mineral nitrogen occurred in the stage of
intensive maize growth due to plant take out on higher amounts of
mineral nitrogen than those formed in soil by mineralizing. During the
stage of full maturity significant decrease of the content of mineral
nitrogen was not noted in comparison with the previous stage. The
content of mineral nitrogen is a bit higher in the surface layer,
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but it is also high in deeper layers. Significant decrease of the
content appears in the zone of the root system during growing season.
The higher Content of mineral nitrogen (mostly N03-N) was noted under
irrigation and dry land conditions with application of different
dosages of N-fertilizers during the second year of the investigation.
It is clearly expressed under irrigation conditions with the maximum
amount of added fertilizer (180 kg ha"1). Irrigation resulted in
significant penetration of mineral fertilizer into depper soil
layers. The high content of mineral nitrogen also appeared under dry
land conditions with maximum amounts of added fertilizers. Obtained
results pointed out that the amount of NH4-N in chernosem during
growing season of maize for both investigated years was significantly
lower than the amount of NC^-N. The low content of NOj-N points to the
fact that N03-N is the principal source of accessible nitrogen in
chernosem.

Literature cited
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Biomass production, N2 fixation and fertilizer N value
of Sesbania aculeata green manure in wetland rice
O.P. Meelu, Yadvinder-Singh, Bijay-Singh and Kuldip Kumar,
Department of Soils, Punjab Agricultural University
Ludhiana-141 004, India

Legume green manuring is an age old practice with the farmers. However, with the
introduction of high yielding varieties of rice, maize and wheat crops and intensive
cropping the use of legume green manuring was overlooked in favour of chemical
fertilizers. But in theface of increasing cost of energy for chemical fertilizer production and
concern for ecologically sustainable agriculture, there has been a renewed interest in the
use of legume green manure (LGM) crops for improving soil fertility and crop productivity.
Paul (1988) estimated that global N supply from symbiotic fixation was about twice the
input from chemical fertilizers. Pareek et al. (1990) showed considerable potential for
symbiotic N2 fixation by Sesbania spp. This paper summarizes the results of four field
experiments at PAU farm, Ludhiana, Punjab, India from 1987-1992 on biomass production and N accumulation of Sesbania aculeata (sesbania), Crotaloria juncea (sunn hemp)
green manure crops, and biological N2 fixation and fertilizer N value of sesbania green
manure in wetland rice. No fertilizer was applied and no inoculations were made to LGM
crops.
Biomass and Nitrogen Accumulation : The data Table 1 show the biomass and N
accumulation of 30 to 60 days old sesbania and sunn hemp green manure crops. It may
be observed that the growth was slow in the first 30 days. Thereafter both the crops picked
up growth rather fast and showed linear increase in biomass and N accumulation upto 60
days (r2 = 0.81 to 0.88). Biomass and N accumulation computed from linear regressions
showed that in 50 days, sesbania and sunn hemp accumulated 4.5 and 4.9 t/ha dry matter
and 112 and 100 kg N/ha, respectively. The rate of N accumulation by sesbania and sunn
hemp was found to be 3.2 and 2.9 kg N/ha/day, respectively during 30 to 60 days growth.
Biological N2 Fixation : A field experiment was conducted for 3 years to estimate N2
fixation by sesbania using non-legume maize {Zea mays L.) and pearl millet {Pennisetum
typhoides L.) as reference crops. Biological N2 fixation was computed by difference
method, subtracting N accumulated by maize and pearl millet from the N accumulated by
sesbania crop. In 52 days sesbania accumulated 103 to 114 kg N/ha and the corresponding N accumulation from maize and pearl millet crops ranged from 16 to 23 and 23 to 27
kg/ha, respectively. The mean biological N2 fixation by 52 day-old sesbania was 82.5 and
78.1 per cent with maize and pearl millet as reference crops, respectively. By using 15N
dilution method, Pareek et al. (1990) reported that biological N2 fixation in Sesbania spp.
ranged from 70 to 95 per cent in 45 to 55 days.
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Table 1: Periodic dry biomass and N accumulation by sesbania and sunn hemp green
manure crops
Expt. I
30d 45d

60d

Sesbania
Sunn hemp

1.3
1.4

3.6
3.5

5.3
6.4

Sesbania
Sunn hemp

39
38

92
77

125
118

35d

Expt. II
43d 50d

Expt III
30d 42d 55d

Dry biomass (t/ha)
1.7
3.8 5.6
2.0
1.7
4.9 6.3
1.5
N accumulation (kg/ha)
50
97 139
60
50
38
101 128

4.2
3.0

-

5.1
5.0

134
101

Expt IV
52d

4.2
-

114
-

d = days

Fertilizer N Value of Sesbania : Sesbania green manure was incorporated into the soil
1 -2 days before transplanting rice crop. Four rates of fertilizer N (as urea) applied in three
equal splits (0,60,120,180 kg/ha) were kept for making response curve of rice grain yield
to applied N and fertilizer N equivalents of sesbania green manure N in terms of rice grain
yield were computed from the response curve. The data suggested that incorporation of
52-day-old sesbania green manure crop (114 kg N/ha) resulted in rice yield increases
equivalent to those obtained with 105 kg fertilizer N/ha, indicating that green manure N
was about as effective as fertilizer N. The total N uptake and apparent N recovery from
green manure N and fertilizer N in rice were calculated. The mean apparent recoveries
of N from urea (at 120 kg/ha) and Sesbania green manure (at 114 kg N/ha) were 46 and
40 per cent, respectively. The results bring out that sesbania and sunn hemp have
considerable potential for accumulating N in about 6 to 8 weeks and are promising green
manure crops in rice.
Literature cited:
Pareek, R.P., Ladha, J.K. and Watanabe, I. 1990. Estimating N2 fixation by Sesbania
rostrata and S. cannabina (syn. S. aculeata) in lowland rice soil by the
15
N dilution method. Biol. Fertil. Soils. 10 : 77-88.
Paul, E.A. 1988. Towards the year 2000 directions for fututre research, in: J.R.
Wilson (ed.). Advances in Nitrogen Cycling in Agriculture Ecosystems, pp. 417425. C.A.B. International, Wellingford.
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Synthesis and Evaluation of Some Slow-Release Nitrogen
Fertilizers Under Egyptian Conditions
F. A wad * and S.M. El-Ashry. Soils & Water Use Dept., National Research
Centre, Cairo, Egypt
Introduction. The agronomic use efficiency of water-soluble nitrogenous fertilizer materials such
as urea and ammonium nitrate may be low because of their loss through leaching, volatilization,
decomposition and luxury consumption particularly under conditions of heavy application, such
losses may vary from 10% under good field condition to 75 % under the adverse conditions; Allen
and Mays (1971), Estefan (1983), Monaldi et al. (1985) and Gomez et al. (1987).
Controlled release fertilizers have the additional advantages of reducing seedling damage and leaf
burn from high local concentration of fertilizer salts as well as improving crop quality,
increasing residual value, having a better economy of use along with better economy of use along
with better storage and handling properties.
The aim of this research work is to produce and evaluate some local slow-release fertilizers using
both synthetic and natural materials.
Material and Methods. Laboratory attempts were made to produce 3 coated urea fertilizers namely;
sulfur coated urea (SCU), bentonide coated urea (BCU) encapsulated urea (EU) as well as 3 ammonium
nitrate fertilizers coated with; polyethylene )PECAN), melamine formalde (MFCAN) and urea formalde
(UFCAN) respectively.
These six prepared products and the four imported fertilizers (ureaformalde, UF; su'fur coated
urea, SCU; plantozan, PZ and plantacote, PC) as well as urea and ammonium nitrate fertilizers
(control treatments) were evaluated to know whether they can be grouped as controlled release
fertilizers; activity index has been estimated side by side with column techniques.
Results and Discussion. The released nitrogen forms of the dissociated ammonium nitrate
fertilizer was slightly more than that released out of undissociate urea. Coating ammonium
nitrate fertilizer with various coating polymers, i.e.; polyethylene, melamine and urea formalde
seemed to be effective in decreasing its total teachability, responses being least with
polyethylene. Such effect of the studied coating materials might be through decreasing the
contacts between ammonium nitrate fertilizer and water and hence reflected on solubility of the
indicated fertilizer.
Moreover, coating urea with various materials resulted in clear declining in the amounts of Nreleased; the highest effect was found with both the imported scu and the prepared SCU. These
coating materials decrease the contacts between urea fertilizer along with botn urease enzyme and
water.
With respect to the total sum of N-fractions after 7 leaching process, data indicated that the
investigated fertilizers could be arranged as; SCU > PECAN*> PZ > >AN >
CCU* ^PC > SCU* > » BCU* > MFCAN* > UF > UFCAN*.
The highest values of activity index were encountered with PC while the lowest one representing
the BCU.
In this respect, the tested fertilizers could be arranged as follow:
PC > SCU - MFCAN* > UF > UFCAN* > PZ > SCU* > PECAN* > BCU*.
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Comparison of nitrogen absorption rate related to roots and
shoot growth among crops
Takuro Shinano, Mitsuru Osaki and Toshiaki Tadano. Faculty of Agriculture,
Hokkaido University, Sapporo, 060, Japan

Introduction. Interaction between shoot growth and root growth (root dry weight or root length) or
root activity (specific nitrogen absorption rate per root dry weight or length) was investigated.
Nutrient absorption efficiency of root is assumed to be regulated by transpiration and shoot nutrient
requirement. As nitrogen has a fundamental function on dry matter production of plant, in this study
nitrogen was especially considered. To estimate the function of root, specific absorption rate on
nitrogen based on root dry weight (SARN, gN day ' gRoot 4 ) or specific absorption rate on nitrogen
based on root length (SAR N (L), gN day"1 mRoot"1) was introduced. Thus, the rate of nitrogen
absorption rate by total plant ( A N , gN day') is estimated as
A N = SAR N x RW or
A N = SARN(L) x RL.
Where, RW is average root dry weight (g m"2) and RL is average root length (m m"2). To estimate
the relationship between shoot growth and root growth (RW or RL) or root activity (SARN or
SARN(L)), plant growth (CGR, gDW m"2day"') was parameterized to net assimilation rate (NAR,
g m 2 day"') and average leaf area index (LAI) as
CGR = NAR x LAI.
Materials and Methods. Experiment 1. In 1991, 8 Gramineous crops (rice, wheat, barley, oat,
maize, sorghum, orchardgrass, redtop) and 7 Leguminosae crops (soybean, field bean, adzuki bean,
lupin, pea, redclover, alfalfa) were grown during their vegetative growth stage in a field of
Hokkaido University (1). Nitrogen was applied 0 kgN ha'1, and 300kgN ha"1, and planting density
was standard and doubled.
Leaf, stem and root were sampled at early vegetative stage and late vegetative stage. Root
was collected from soil up to 20cm, then washed out by tap water. Root length was determined by
Newman's method (2).
Experiment 2. In 1991, 7 major crops (rice, wheat, maize, soybean, potato, beet and sunflower) in
Hokkaido were grown in a field. Two varieties (standard yielding or high yielding) and two
nitrogen application treatment (using quick acting fertilizer or slow releasing one) were performed
(3). Plants were collected at vegetative growth stage, flowering stage, and maturating stage.
Results and discussion. Experiment 1. Root length was significantly correlated with root dry
weight, regardless of crop species. However, root thickness (root length per root dry weight, m g'1),
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had no relationship between AN.
In both crop species, root growth and AN were significantly (1% level) correlated with
CGR during the early vegetative stage. Though AN was still controlled by CGR during the late
vegetative stage, significant correlation between root growth and CGR was disappeared. In Gramineae,
AN was also correlated with RL and SARN during the early vegetative stage, and SARN and
SARN(L) during the late vegetative stage. Thus, SARN and SARN(L) (root activity) became more
important at the later growth stage. In Leguminosae, AN was correlated with RW and RL during
the early vegetative stage. However, any significant (1% level) correlation was not observed between
AN and root growth or root activity during the late vegetative stage, thus the AN is mainly
regulated by shoot growth in Leguminosae.
Experiment 2. During maturation stage, as the nitrogen requirement of sink becomes strong, large
amounts of nitrogen compounds which once constructed plant organ is decomposed then translocated
(4). On the other hand, carbon of sink is mainly consisted of currently assimilated photosynthate
(5). Thus, leaf is required to supply nitrogen compounds to sink, and on the contrary to keep
photosynthetic activity high. Thus, the function of root during maturation stage supposed to be
important to improve plant production. Actually, the decrease of nitrogen absorption rate during the
maturation stage was small in the high-yielding varieties (6). In all the crops AN had a close
relationship between SARN after flowering stage. However, in rice, wheat, maize, and sunflower,
the correlation coefficient was higher than that of soybean, beet, and potato. In the latter crops,
AN also had a close relationship between RW.
Conclusion. At early growth stage, the root growth and root activity were regulated by shoot
growth. At late growth stage, nitrogen absorption rate was regulated mainly by root activity (SARN
and SARN(L)) and/or shoot growth (CGR and LAI in case of Leguminosae).
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(5)Tanaka, A and Osaki, M. 1983: Growth and behavior of photosynthesized 14C in various crops in
relation to productivity. Soil Sci. Plant Nutr., 29,147-158
(6) Osaki et al. 1991: Productivity of high-yielding crops. I. Comparison of growth and productivity
among high-yielding crops. Soil Sci. Plant Nutr., 37, 331-339
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Applied Nitrogen Absorption and Eating Quality of Rice
M. Nishida, A. Ida and F. Tanaka. Kyushu National A%ria'hural Expert* n
Slat ion, Chikugo, Fukuoka, Japan
Introduction. Recent years, eating quality of rice has become vet) important in Japa:: as wefl ayielding ability. Rice produced in south-western region of Japan has been evaluated as lov\ enting
quality, then improvement in quality has become necessary. Fating qualm of nee is one Or
varietal charasteristics. but it also could be affected by cultivation pracrices. Nitrogen fertilizer
application is one of the significant factors affecting the eating quality, because gram with high
nitrogen content is evaluated as low eating qualuy(l). The purpose of this study is to investigate
the effects of applied fertilizer nitrogen absorption on eating quality of rice.
Materials and Methods. Rice cultivar "Hinohikari" was grown ir. the experimental field of
Kyushu National Agricultural Experiment Stationtfme textured grey lowland soil) under eight
different patterns of nitrogen fertilizer apllication as shown in Table I "Hinohikari" is newly
released cultivar of high eating quality in south-western Japan.
Table 1. Time and amount of nitrogen fertilizer applicationtgNm")
Plot

Basal dressing

0-0-0
5-0-0
5-0-2
5-2-0
5-2-2
8-0-0
8-2-2

Ü
5
5
5
5
8
8

Top dressing I"1 Top dressing 2"'
0
0
0
2
2
0
2

0
0
0
2

0
•>

a): Top dressing I and 2 was applied 20 and 10 days before heading time respectively.
Applied nitrogen absorbed by rice plant at harvest time was examined b\ ' N tracer technique! 2).
Eating quality of harvested rice was evaluated by organoleptic test. The test na? conducted by
comparing cooked rice of each treatment by 30 panel with rice cultivar "Nipponbare" which is
provided commonly as standard for eating test in Japan.
Results and Discussion. A significant correlation was obtained between the eating quality value
and nitrogen content of brown rice as reported by Chikubu (Table 2). Nitrogen content of brown
rice was strongly related to nitrogen absorption of shoot as well as grain yield. Nitrogen contents
in brown rice was increased by top dressing as both application times. However, it was greater in
top dressing 2 than in top dressing 1. Higher value of eating qualify was obtained in the plot of
5-2-0 and 3-0-0 without remarkable yield reduction.
Mean rate of nitrogen in brown rice from top dressing 2 was 9.4'^c. while that of top dressing i
was 8.6% (Table3). This supports higher nitrogen content in brown rice and lower eating quality
in top dressing 2 applied than others. That means grain absorb applied nitrogen immediately when
nitrogen application is close to heading time. Nitrogen application close to heading time resulted in

344

nigh nitrogen content in grain and low eating quality.
Table 2. Yield. N' absorption. N content and eating quality value.
Plot

Grain vield
(am')

0-0-0
5 0-0
5-0-2
5-2-0
5-2-2
8-0-0
8-2-2

381
415
460
475
505
452
520

N absorption
Of shoot(gm c )
6.59
"IS
9.)1
8.53
10.18
8.79
10.16

N content of
Eating quatitv
brown ricc( % / val ue
1.08
1.04
1.15
1.11
1.16
1.11
1.16

+ 1.00
-0.92
+0.80
-0.92
-0.80
+0.90
+0 60

Table 3. Rate of nitrogen origin in brown rice
Plot
5-0-0
5-0-2
5-2-0
5-2-2
8-0-0
8-2-2

Basal drcssing(%)
18.0
15.1
14.9
15.4
25.7
20.6

Top dressing U'/c)
0
0
89
10.3
0
6.7

Top dressing 2{%)
0
10.0
0
9.9
0
8.3

Others!%)
82.0
74.9
^6.2
64.4
743
64.4

On the other side, top dressing applied early stage results yield decrease. Time and amount of top
dressing at ear formation stage should be applied by considering balance of yield and eating
quality. Further investigations should be needed to decide the appropriate time and amount of
nitrogen application for higher eating qualityLiterature Cited.
(1) Chikubu. S.. Wataiiabe, S., Sugimoto, T., Sakai. F. and Taniguchi, Y. 1983. Relation between
paiatability evaluations of cooked reice and phvsicochemical properties oi" rice. J. Jpn. Soc. Starch
Sci. 30:333-341.
(2) Yamamuro, S. 1981. The accurate determination of nitrogen-15 with an emission spectrometer.
Soil Sci. Plant Nutr. 52:141-148
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Comparison of productivity and nitrogen use efficiency among
tropical and temperate maize
M. Osaki. Faculty of Agriculture, Hokkaido University, Kita-9 Nishi-9 Kita-ku
Sapporo 060 JAPAN
Introduction. Nitrogen (N) is one of the key determinants in the yield of crops, especially
under an intensive management system. To compare the physiological differences of maize
plants in relation to the productivity and nitrogen use efficiency between tropical and temperate
regions, maize was grown in two regions; CIMMYT at Poza Rica in Mexico (tropical) and
Sapporo in Hokkaido (temperate). For estimation of nitrogen use efficiency, carbon -nitrogen
interaction model (Osaki et al. 1992) was developed as follows; DM=DM0 X Exp(CNI X N),
where, DM is the dry weight of plant at a given time, N is the amount of nitrogen accumulated
in plant at a given time, DM0 is the initial dry weight, and CNI is the carbon-nitrogen index,
which is the value for A DM/ A N/DM during a given period of time. In this paper, I would like
to discuss about the difference of nitrogen use efficiency estimated by above model, which
related to productivity, among tropical maize and temperate maize, mentioning about the
physiological back ground of low productivity of tropical maize.
Materials and methods. Experiments was done in tropical regions at Mexico; at the CIMMYT
experimental station in Poza Rica (latitude N 19° 3 1 ' , altitude 60m), and in Tlaltizapan
(latitude N 18° 4 1 ' , altitude 940m) in both the winter season (from November 1982 to May,
1983) and in summer season (from June to October, 1983), and in temperate region at Japan; at
the field of Hokkaido University in Sapporo (latitude N 43° 03' , altitude 50 m) in summer
season (from May to September, 1984 and 1989).
In tropical maize, Poza Rica 7822 (PR7822, open-pollinated variety of white dent, late
maturity, and tall height) were cultivated by 5.3333 plants m"2 (75 cmX25 cm) with fertilizer;
15 gN m"2 by ammonium sulfate and 8 gP205 m'2 by superphosphate. Planting was done at 23
November 1982 (Tlaltizapan), 24 (Poza Rica), at 22 June 1983 (Tlaltizapan), 30 (Poza Rica)
with three replications. Water was irrigated adequately. In temperate maize, Wisconsin hybrid
No 110 (WH100, yellow dent, late maturity, and tall height) in 1984 and Paionia 3540 (P3540,
yellow dent, late maturity, and tall height) in 1989 were cultivated with 6.6666 plant m'2 (60 cmX25 cm) and 8.3333 (40 cm X30cm) plants m"2, respectively. In 1984, 15 g m'2 of N, P205,
and K 2 0 by ammonium sulfate, superphosphate, and potassium sulfate, respectively was applied
basally, and additional 5g m"2 N by ammonium sulfate by topdressing at flowering ,and in 1989
basally lOgN m"2by ammonium sulfate, 15gN m'2 by coated urea, 10gP2O5 m"2 by superphosphate,
and 10gK2O m"2 by potassium sulfate. Planting day was 16 May in 1984 and 1989 with two
replications.
Sample preparation and analysis was done by ordinary methods.
Results and discussion. Yield of tropical maize regardless of seasons and altitude (4.8-6.6 t
ha"1) were lower than that of temperate maize (9.1-11.4 t ha"1). Ear number and grain number
(number per ear and number per m"2) in tropical maize were not always lower than that in
temperate maize, but 1000 grain weight in tropical maize was clearly lower than that in temperate
maize. Harvest index of dry matter (HI(DM)) were low at PR • S and TL • W. Grain filling
period, 50 % flowering stage and 50 % black layer formation stage were earlier at PR • S and
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TL • S than at other, showing that those had no difference between winter in tropical maize and
temperate maize.
Plant height, leaf number, maximum LAI, k-value, and chlorophyll content of car leaf at
flowering did not show clear difference between tropical and temperate with some exception;
maximum LAI and k-value of P3540 which is uplight type of leaf. But only LAD of temperate
maizes were tremendously higher than that of tropical maize. As the leaf senescence of tropical
maize was faster than that of temperate maize, it was different to maintain high LAI after
flowering in tropical maize. Leaf of tropical maize was almost died until harvest, but that of
temperate was still alive at harvest, especially in P3540. Chlorophyll content of ear leaf at
flowering had no difference among tropical and temperate maize. Chlorophyll content at each
position at flowering were generally higher for tropical maize than for temperate maize. Chlorophyll
content of ear leaf after flowering decreased rapidly with growth for tropical maize, but was
kept almost constant until late maturing stage, then decreased for temperate maize.
CGR (g m"2 day 1 ) at flowering were 18-28 for tropical maize, 31-38 for temperate maize.
NAR (g m 2 LA day-l)at flowering were about 4.1-7.6 for tropical and temperate maize, showing
no difference between both maize. Biological yield (Yb)was expressed as Yb=(Yb/Ea) xEa=EuX Ea. Ea was no difference between tropical and temperate, but Eu of tropical maize was lower
than that of temperate maize.
The regression of the DM and the nitrogen absorbed among tropical and temperate maize
was quiet similar in spite of growing conditions. Therefore, nitrogen use efficiency of maize was
same among in tropical and in temperate, indicating that large amount of nitrogen should be
absorbed to achieve the high DM. But, the amount of nitrogen absorbed in tropical maize was
smaller than that in temperate maize, so total DM was still low. In tropical lowland (Poza Rica)
maize, the growth duration was short, and nitrogen absorption was stopped after flowering. In
tropical high land maize (Tlaltizapan), growth duration was almost same as in temperate maize,
but nitrogen absorption was also stopped after flowering. This characteristics of tropical maize
was as same as those of the old varieties of temperate maize. In var. P3540, the biological yield
was 22.4 t ha"1 and economic yield was 11.4 t ha"1. To achieve these levels of yield, nitrogen
must be absorbed vigorously after flowering. Because there were no so big differences of
amount of nitrogen absorbed at flowering among varieties except for var. Poza Rica 7822 at
Poza Rica in summer. The nitrogen responses of tropical maize was quite small in comparison
with that of temperate maize. The question is why tropical maize can not absorbed the nitrogen
after flowering regardless of high nitrogen application rate. It is assumed that the root activity of
tropical maize declined rapidly after flowering. Because leaf senescence became rapidly in
tropical maize after flowering, so that photosynthates could not translocate into root enough.
Therefore, degradation of nitrogen compounds in leaves was accelerated, because ear required a
large amount of nitrogen. Thus, to keep high root activity, tropical maize should be improved to
translocate a few more carbohydrate into roots. Otherwise, it is very difficult to achieve the high
fertilizer use efficiency, whenever slow release nitrogen like coated urea was applied.
Conclusion. To achieve the high yield of tropical crops, not only maize, it is important to
improve the physiological characteristics of leaf and root activity after flowering. Otherwise,
whenever fertilizer application was appropriately managed, it is difficult to improve the fertilizer
use efficiency and to maximize the yield of tropical crops.
Reference
(1) Osaki, M., Shinano, T., and Tadano, T. 1992: Carbon-nitrogen interaction in field crop
production. SoilSci. Plant Nutr., 38, 553-564
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Improving the Nitrogen Use Efficiency of Irrigated Spring
Wheat in the Yaqui Valley of Mexico
J. I. Ortiz-Monasterio R.*, K. D . S a y r e . J . Pena and R. A. Fischer.
CIMMYT, Apdo. Postal 6-641, Mexico D.F., Mexico.
Introduction. Two farmers' surveys carried out in different years, where crop samples were
taken, estimated the nitrogen use efficiency of the Yaqui Valley to be an average of 35%
(1,2). It was established that the average farmers' practice for nitrogen (N) management was
the following: 75% of the total N is applied as urea or anhydrous ammonia pre-plant; after
the N application an irrigation is given to germinate the first generation of weeds. The weeds
are controlled with a cultivation when the farmer can move in with equipment and then the
farmer plants on moisture. This takes about three weeks from the time of the nitrogen
application to the time of planting. The remaining 25% of the nitrogen is applied in the water
at the time of the first irrigation as anhydrous ammonia or ammonia water. The average rate
of nitrogen applied to the wheat crop is 230 kg N/ha and the average wheat yield is 4.7 t/ha
(2). This inefficiency points to two main problems: 1) the economic cost of the inefficiency
and 2) the potential impact of N loss into the environment.
Materials and Methods. Three experiments on timing of nitrogen application to improve the
nitrogen use efficiency of irrigated spring wheat were established. These experiments were
conducted in 1991/92 and 1992/93 near Ciudad Obregon, Sonora, Mexico (270N 109OW, 40
m above sea level). The soil was a coarse sandy clay mixed montmorillonitic typic
caliciorthid, low in organic matter (<10 mg g"1) with a slightly alkaline pH (7.7) with
adequate K fertility. Urea was used as the source of nitrogen fertilizer. All plots were
fertilized with 40 kg ha 1 of P2O5 as triple superphosphate, which was applied as a basal
broadcast and incorporated prior to seeding. The experiments were planted within the
recommended planting date of November 15 to December 15, using an Oyord planter in 20cm rows at a seed rate of 100 kg ha~l. The experiments were established after one or more
unfertilized maize summer crops, where the biomass was removed to bring down the level of
soil N. Grassy weeds were controlled using feonoxaprop-ethyl or tralkoxydim and broad
leaves with bromoxynil or thiameturon-methyl. In addition, hand weeding was used as needed
to assure complete weed control. Plots were 5.5 m long and 1.8 m wide; harvest area was 3
m long and 0.8 m wide. Plots were harvested by hand. Soil water status was monitored using
soil gravimetric samples and irrigated when 50% depletion of available water in the top 60 cm
occurred.
Results and Discussion. In one experiment, the treatment 2/3 planting + 1/3 first irrigation
(farmers' practice) was compared to applying all nitrogen at planting and to applying 1/3 at
planting and 2/3 at first irrigation with yields of 6490, 6510, and 6733 kg/ha, respectively
and an LSD (0.05) = 142. This shows that the farmers' practice is not different from
applying all N basally and that applying 1/3 at planting and 2/3 at the first irrigation results in
higher yields than the two other practices. Each of the treatment means was the average of
eight management conditions (two genotypes, two densities, and two irrigation regimes). Two
other independent studies were established in two different years, each one to study two
response curves. One applied all N at planting, the other applied all N with the first
irrigation; two other treatments were included at the 225 N level. The first was 1/3 applied at
planting and 2/3 applied at the first irrigation and the second was 1/3, 1/3, 1/3 (planting, 1st
irrigation, 2nd irrigation). Each point in the response curves is the average of four locations
with different levels of initial soil N (Fig. 1,2). These results indicate that nitrogen use
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efficiency is improved by delaying all N until the first irrigation. At the 225 N level, this
efficiency is further improved by applying 1/3 at planting and 2/3 at the first irrigation in
both years or applying 1/3 + 1/3 + 1/3 in one year. The results are very similar in both
years, 1991/92 and 1992/93. In 1991/92, the apparent fertilizer recovery was analyzed and it
is clear that the reason why some treatments yield more than others is closely related to the
amount of N recovered (Fig. 3). In addition, during the same year, the level of protein in the
grain was studied indicating an increase of this trait when all N was delayed until the first
irrigation compared to the treatment where all N was applied at planting. The two treatments
at the 225 N level also showed an improvement in the grain protein level compared to all N
applied at planting, but were not as high as when the all N was delayed until the first
irrigation (Fig 4). The 1/3, 2/3 treatment results in a higher recovery of N applied, which in
turn results in higher yield and grain protein content compared to the current farmers'
practice.
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Fig. 1, 2, 3, 4. Response of yield, % apparent fertilizer recovery, and grain protein to
different rates and timing of application.
Literature Cited.
(1) Limon, A., K.D. Sayre and I. Ortiz-Monasterio. 1992. Resultados Encuesta (Y 91/92).
CIMMYT, Mexico. D.F., Mexico.
(2) Meisner, C.A., E. Acevedo, D. Flores, K. Sayre, I. Ortiz-Monasterio, D. Byerleeand A.
Limon. 1992. Wheat production and grower practices in the Yaqui Valley, Sonora, Mexico.
Wheat Special Report No. 6. CIMMYT, Mexico D.F., Mexico.
(3) Zadoks, J.C., T.T. Chang and C.F. Konzak. 1974. A decimal code for the growth stages
of cereals. Weed Research. 14:415-421.
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Effect of Straw and Urea on the Growth, Nitrogen
Fixation and Yield of Soybean
P. Sanchez. Department of Soil Science, Colegio de Postgraduados, 56230
Chapingo, Mex.,Mexico.
Introduction. In some farms, after the cattle raisin food necessities have been satisfied and in
other farm activities apart of straw is not sometimes made profitable. This straw can be used as
organic manure by tillin it directly in the cattle range with nitrogen fertilizers (sometimes also with
phosphoric fertilizers) or with purin (fermented animal urine), in this way spending of transport
and labor is supressed.
V. Orlov et al (1) indicate that over and above it is desirable to use straw as organic manure in
yield of legumes because they can grow without mineral nitrogen during their first stage of growth
justly by the symbiosis with roots nodules.
Materials and Methods. With the purpose to demonstrate the character of influence of straw in
the soil on the amount of mineral nitrogen, formation of roots nodules, activity of nitrogenase,
growth and yield of soybean were realized experimental studies in field and greenhouse
conditions.
The experiments were carried in the South of Russia in soils with the following chemical
properties: Organic Matter=2.9 % (Tyurin); pH (KC1)=7.2; total nitrogen=0.2 %(Kjeldahl);
available P20s=6.3 mg • 100g-l (Machiguin); CIC=24.8 mg-eq • 100 g-1; nitric nitrogen=6.13
mg • kg-1 and ammonia nitrogen=15.15 mg- kg-1.
In the greenhouse experiment were applied 0; 4gm of wheat straw; 4 gm of wheat straw with
184 gm of urea (mineral nitrogen)and 4gm of milled soybean leaves (biological nitrogen).
During the soybean vegetative period in each pot wereapplied 20 gm of MgO, K2O and P2O5.
Finishing the blossom and beginning seed formation was utilized a pot of each treatment
todetermine the nitrogen fixation activity by the method of acetylene in a chromatograph with gas.
In the field experiment were applied 0; 30 kg • ha-1 of urea;2 and 3 ton • ha_l of wheat straw
and determined the effect of this factors on the yield of soybean and economic effectiveness.
Results and Discussion. Based on the researches realized it can concluded that the straw
appliance in the soil during the first months of its degradation is favorable to biological fixation
(immobilization) of all nitrogen formes in the soil.
On the end of soybean vegetative period all nitrogen formes,which ones were in immovilized
forme, gradully became inaccessible nitrogen formes to the plants.
The urea application (mineral nitrogen) in the soil under the straw tillage contributed to the
greatest nitrogen fixation by the roots nodules but the straw appliance in the soil practically did not
influence on the soybean grain productivity.
Literature cited.
1. Orlov V. and Guriev G. Ispolzovanie solomi v kachestveorganicheskogo udobreniya pod
zernobobobie kulturi i ieyovliyanie na biologicheskuyu aktivnost pochbi i
simbioticheskuyuazotfiksatsiyu. 1981 .Byull.NTF/NII 8:51-61.
2. Shivashankar K.,Vlassak K. and Livens J.A. A comparison of theeffect of the straw
incorporation and CO2 enrichment on thegrowth.nitrogen fixation and yield of soybeans.
1986.J.Agr.Sc.87(l):181-185.
3. Yagodin B.,Peterburgski A., Asarov I., Diomin Y., Pleshkov B.and Reshetnikova N.1982.
Agrojimiya. Moskva,SSSR.
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Soil Mineral N and Organic Matter mineralization
effect on maize response to N-fertilizer application on
a Mollisol and Ultisol soil in Venezuela.
R. DELGADO. Institute de In vestigaciones en Recursos Agroecológicos Ceniap, Maracay - Venezuela.
INTRODUCTION. The maize crop has had inconsistent responses to nitrogen
application at different agricultural sites in the country. Currently there is no
reliable mechanism to establish the required doses for maize. At times excessive
amounts of N were applied and at times deficient amounts were applied, these erratic
applications had varying economical and environmental consequences. This study
refers to the evaluation of the effect of the initial soil mineral N (NOrN and NHrN)
and, which result from the organic matter mineralization in the soil on the maize
response to N application.
MATERIALS AND METHODS. In orden to get information related to the effects of soil
nitrogen and organic matter on the maize yield one field experiment was carried out
on a Mollisol soil in Maracay and another one on a Ultisol soil in Cojedes. Crop
response (Grain and Crop-Residues production) was evaluated applying 0, 30, 60,
90,120 and 180 and 0,60,120 and 180 Kg N-Ha"tiay"4n the first experiment and at the
second site respectively. Urea was used as a fertilizer and the entire amount was
applied at sowing time. Experiments were located at the place where similar
experiments had been carried out the previous year. A gradient in the Ultisol soil
nitrogen was created in 1991 as suggested by bundy and Malone in 1988. The soil
nitrogen (NOrN and NHrN) was measure at the beginning of the experiments in each
experimental unit up to 60 cm. deep by layers, using KC1 (2M) as suggested by
Bremmer in 1965. On the other hand soil organic matter mineralization was evaluated
on the Mollisol soil using Incubation "In Situ" suggested by Raison et al. in 1988.
Laboratory and Greenhouse experiments were carried out to obtain funtional
relations between N-uptake and dry matter by maize and different soil parameters
as suggested by Warren et al. in 1992.
RESULTS ANDDISCUSSION. There were
no d r y matter or grain yeld differences
Mollisol soil Horizont (0-10cm)
among the fertilized plots. However,
there were differences between the
fertilized treatments and
the
••»»: «mm
unfertilized treatments on each soil. A
ConrtL coafL. 8.73*
•
relationship among crop parameters
(dry matter and grain yield), the initial
N-nrineral measured and the sum of the
initial N-mineral plus the dose of Nfertilizer applied was evidenced: the
correlation coefficient between 0,689
and 0,620 in the Mollisol soil and 0,490 0,589 in the Ultisol soil was observed. In
13
M
45
\J
relation to soil organic nitrogen
mineralization
about 2,5 to 3,6 Kg NHa"
tiay"1 was estimated in the Mollisol soil Fig- 1- Relation between grain yield vs.
that could affect crop response too. The
initial sou N (0-lOcm) plus
relationship between grain yield and NN-fertilizer.
mineral plus N-fertilizer doses in the 0 10 cm. layer is presented in the figure 1 as an example. In the greenhouse and
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laboratory experiments the soil mineral-N and organic matter were observed as the
most important soil parameters, which account for N-uptake and d r y matter yield
in maize.
LITERATURE CITED.
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Correlation Between Nitrogen and Potassium in Relation to the
Quality of Pineapple Fruits in Oaxaca and Veracruz, Mexico
G. León V., and A. Martinez G. Statistics and Computation Center, Colegio
de POstgraduados, Chapingo, Mex., Mexico.
Introduction. The Loma Bonita region on the boundary of the Oaxaca and Veracruz
states in Mexico, has the most appropriate soils for the growing and quality of
the pine-apple crop in the country. Quality varies as a function of climatic
factors, however, little is known of other controlled factors, such as:
fertilization and density of plants per unit of area. In the middle 80,s, an
experiment was planted to investigate these relations.
Materials and Methods. The "Cayena soft" variety was used. The experiment was
planned as a split plot experimental design, with density of planting on main
plots and fertilizer formulae on small plots. Three levels of planting were
used: 35,000, 50,000 and 65,000 plants/ha; the fertilizer treatment combinations
were 12 formulae combining nitrogen, phosphorus and potassium as follows:
1. 0-0-0, 2. 250-0-0, 3. 0-120-0, 4. 250-120-0, 5. 0-0-300, 6. 250-0-300,
7. 0-120-300, 8. 250-120-300, 9. 125-60-250, 10. 375-60-250, 11. 120-180-250
and 12. 125-60-350, where the levels of the factors are given in kg/ha. Three
complete replicates of the experimentwere done. The yields of fresh fruits, as
well as the Brix content of the juice, were the variables considered for
statistical evaluation.
Results and Discussion. When the yields were analyzed there was a significant
effect of fertilizer treatments on this character, at the 5% level. There was
not any significance of density of plantation on yields; however, the experiment
provides only 4 degrees of freedom to test this factor, and shows an advantage
of using 50,000 plants/ha over 35,000 and 65,000 plants/ha; the average yields
at each density of plants, are given below:
DENSITY OF PLANTS
(plants/ha)
35,000
50,000
65,000

AVERAGE YIELD
(kg/ha)
35,394
40,608
33,599

A more sensitive experiment has to be done, to establish with more precision the
relation between density of plants and yield. On the other hand, the
quantitative nature of the fertilizer treatments, suggested to refine the
statistical analysis trough regression methods. Such refinement showed that
the effect of treatments on yield, was due to nitrogen, giving the following
estimated regression equation:
Y= 30,707.7+104.855N-0.25963N2
significant at the 1% level, where Y is yield of fresh fruit in kg/ha, and N the
nitrogen dose applied to the soil in kg/ha. Clearly, Y is a maximum when
N= 202 kg/ha. An economical analysis will show that the level of nitrogen
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which gives the highest profit, is obtained from the following expression:
p
^ = 104.855-0.51926N= ^ ,
where P., and P Y are, respectively, unitary prices of the kg of nitrogen
applied to the soil/ha and of the kg of pine-apple fruit. With respect to the
quality character represented by the Brix level, the statistical analysis did
not show any significant effect of the density of plants on this character.
On the average, nitrogen and potassium were the nutrients having influence on
Brix, giving the following relation:
B= 15.332-0.005459N-0.000614K+0.00001466NK
where K is level of potassium in kg/ha. It is clear that the effect of K is
positive, when 0.00001466N-0.000614 is positive, or when N is greater than 42
kg/ha. The lastest result agrees with those mentioned by Tisseau and Tisseau
(1971)
Summary and Conclusions. The experiment described gave the following results:
(1) Nitrogen is the only nutrient responsible for yield variations; 202 kg/ha
produce an increase of 10,569 kg/ha of fresh fruit, and this is the
maximum increment of yield possible;
(2) Nitrogen produces a negative effect on Brix; potassium produces a
positive effect when nitrogen is applied in doses greater than 42 kg of
nitrogen/ha;
(3) A more sensitive experiment must be planned to observe the effect of
density of plants on yield.
Refferences.
M.H. Tisseau and Rene Tisseau. (IFAC). Application des potasium dans 1'amana
apres la differentiation floral. Fruits, Vol. 26-12, pag. 819-821.
Dec. 1971.
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Response to NH4, K and CaC0 3 of Hydroponic
Cultivation of Tomato in Coir Dust
Felipe Caraveo L.*, Gustavo A. Baca C.*, Juan L. Tirado T.*,Felipe Sanchez Del
C.** y Angel Martinez G***.Centro de Edafologia *,Programa de Fisioloeia
Vegetal**y Centro de Estadisticay Cdlculo***. Colegio de Postgraduados, 56230
Chapingo, Méx., México.
Introduction. Coir dust is an organic matter widely used nowadays, having several advantages as
a substrate for a great diversity of plantlets. In several tropical regions of the world, this substrate
could be a hydroponic means of production. According to Verdonck, el al (1983), coir dust
releases organic substances in such amounts that could result toxic for crops; for this, he
recommends to compost previously with N and CaC0 3 in order to neutralize its acid pH (5.6). On
the other hand, Hewitt (1966) and Sanchez (1989) state that in hydroponic crops the use of NN03/N-NH4 mixtures can be advantageous during the production of different crops, in relation to
only N-N0 3 . Finally, given the similar chemical features of NH4 and K ions, the nutrimental effect
in hydroponic crops of the fiisi, demands to take into account that of the second. For these
reasons, in the study the following objective was established: to determine, for hydroponic crop of
tomato in coir dust, the simple and interactive response of nourishing solutions, in relation to
variables of NH4, K and CaC03. A previous unpublished study helped to establish the levels of
said variables in this research.
Materials and Methods. The experiment was carried out in a greenhouse, in Chapingo, Mexico
(19 21' N, 98 53' E and 2250 m above sea level), from October 1992 to March 1993, using a
subirrigation hydroponic system having five times washed coir dust, as substrate, in 20 dm3 pots
and var. Celebrity tomato plants (Lycopersicon esculentum Mill). The treatments with nutritive
solutions arise from the following factors and their combinations in a complete factorial 3 3 with 3
repetitions: a) 3 relations (in me Ï"1) of N-NH4/N-total: (8.3, 16.6 and 25%; b) 3 relations (in me 1"
') of K/total cations: 10, 20 and 30%; and relations of CaC03/coir dust, dry weight: 0, 3 and 6 g
kg-1, in this case mixed just before transplant. Aparent density of coir dust was 0.079 g cm'3. The
nutritive solution with mean chemical composition consisted of (me l"1): k+4, Ca2+ 9,33, Mg2+ 4.66,
NH/2, N03" 10, H2P04"1 and S042" 9; cation changes for treatments were carried out by keeping
the same relation Ca:Mg, and those of anions by only modifying the concentration of S0 4 2 '. The
osmotic potencial of the solutions varied from 0.66 to 0.71 Atm and the pH from 6.4 to 6.6.
Among the variables considered for this study are the yield at the physiological end of the fifth
cluster and the total production of dry matter.
Results and discussion. The statistical analysis of yield of the simple effects of the relations of NNFL/N-total, of K/cations and of CaC03/coir dust and of their interactions pointed out highly
significant differences (p <0.01) for the first and third of said effects and significant (p <0.05) for
the second effect. The statistical analysis of dry matter showed results concordant with yield.
Tukey test (a =0.05) of the mean comparison of the effect of N-NH4/N-total showed that
higher yield and dry matter were obtained with 16.6% of N-NH4 and lesser results with 8.3 and
25% of NH4 (Fig. 1). In relation to K/cations, higher and similar yield and dry matter were
obtained with 30 and 20% of K and lesser with 10% of K (Fig. 2). Proportions of 3 and 6 g of
CaC0 3 per kg of substrate allowed to obtain the highest yields of fruits and dry matter (Fig. 3).
The response to crop at 16.6% of N-NH4 of total N, agree with that specified by Steiner
(1984): "The favorable response of several crops is at 10% of the total"..., and is backed up by the
explanation issued by said author, when in hydroponic crops, pH tends to be high because of
absortion of certain nutrients, NH4 tones down said pH towards acidity. Higher responses to
relatively low concentrations of K in the solution come from the fact that coir dust releases K
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during hydroponic process (In a previous unpublished test, it was found that under hydroponic
cultivation at the end of 15 days of using nutritive solutions K increased in 7 me l'1 above original
level.) and, on the other hand, to the high CIC of coir dust: 126 me/100 g (Verdonck, et al 1983).
This properties of coir dust allow releasing of K for its relatively graduable absortion, in relation
to crop demand. Finally, optimal response of crop to application of CaC0 3 ranges from 3 to 6 g per
kg of substrate; its beneficial effect is due to neutralization of phytotoxic products released by the
coir dust (Verdonck, et al 1983) and, according to Hewitt (1966), also to neutralization of acid
pH provoked by chemical and physiological actions of NH4 absortion by the plant, and the possible
beneficial action of HC0 3 absortion derived from CaC03.
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N-NH 4 /N-TOTAL pfc)
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Fig
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Mean yield of tomato fruit
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Ammonia Volatilization Loss Fractions Arising from Urea Based
N Fertilizers Applied to Wetland Rice
D. Jena, C. Misra, and J. S. Shepers, and I. C. Mahapatra . Department
of Agricultural Chemistry, Soils, and Biochemistry, Orissa University of
Agriculture and Technology, Bhubaneswar-751003, India.
Introduction.
For devising methods to enhance N fertilizer
efficiency
in
wet land rice culture,
the magnitude of loss fractions of N fertilizers
of
diverse forms applied to soil need to be evaluated.
This paper reports
ammonia volatilization
loss amounts measured in field experiments on wet
land rice conducted in three different
agro ecological situations
of Orissa
(India) employing urea based
fertilizers.
Materials and Methods. Rice was transplanted in polytnene enclosed microplots (0.79x 0.5 m) during 1991 and 1992 in the three Regional Research
Stations,
viz., Bhubaneswar (East and south eastern plain), Ranital (North
eastern coastal plain) and Chiplima (West central table land) with
prilled
urea (PU), PU + FYM. urea super granule (USG) and USG + FYM as the
treatments detailed
in Table 1. Standard doses of phosphate and potash
were basally applied and whereas USG was dibbled soon after
transplanting
r i c e seedlings (cv. Daya) between four alternate
hills,
tagged urea (5%
a.e. ) was applied in three splits;
25% as basal, 50% at maximum t i l l e r i n g
and 25% at the panicle initiation
(PI) stage.
H-SO soaked filter
paper
discs held on paper plates facing downwards served as ammonia
collection
traps.
The surface soils of all three stations
were sandy loams, mildly
acidic and have low contents of organic carbon.
Results and Discussion.
Results (Table 1) showed USG to be superior to PU
at Bhubaneswar and Ranital.
It also led to appreciably lower amounts of
ammonia volatilization
loss in all three stations.
Data listed in Table 2
show the % Ndff values to have decreased with passage of time
following
application
of tagged urea both at transplanting
and the PI
stages.
However, greater demand for f e r t i l i z e r nitrogen was indicated at the later
stage of crop growth.
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Table 1.

Grain yield (t/ha) of rice and amounts of N volatilized
(kg/ha) due to application
urea and USG with and without FYM in the three agro-ecological
regions of Orissa.
Bhubaneswar
(Wet season,
1991 )
Grain yield | NH3 r N
vola ti lized

Treatments

76 kg 15N/ha as BJ
76 kg

15

N/ha

as PU +FYM(10 t/ha)

76 kg N/ha as USG

Table 2.

4.25

4.95

4.00

6.45

4.74

5.61

3.65

5.45

1.60

3.52

2.54

1.29

4.40

2.91

5.15

76 kg N/ha as USG+ FYM (10 t/ha)

Chiplima
(Wet season, 1991 )
NH3 -N
Grain yield
vola ti lized

6.22

Percentage volatilized
nitrogen derived from fertilizer
and soil
applied to rice (RRS, Ranital, Dry, Summer season,
1991-92.

Time after
application

fertilizer
(d)

At

% Ndff'

source

Top dressing
% Ndff

transplanting
| %Mdfs"

of(

Ranital
(Dry summer season, 91H92)
NH3
Grain yield
volatilise

following

3.11

5.35

4.29

1.74

19 kg

84.97

15.03

62.11

37.89

2

50.98

49.02

47.55

52.45

3

49.68

50.32

30.57

69.43

18.90

81.10

16.27

83.73

5

24.63

75.37

6

24.57

75.43

Nitrogen

derived

from

fertilizer

a

Nitrogen

derived

from

soil

N (PU)/ha

a t panicle
initiation
% Ndfs

1

4

N tagged)

Effect of Long-term Use of Urea and Anhydrous Ammonia
on Crop Yields and Soil Characteristics
C.A. Campbell*, V.O. Biederbeck, H. Ukrainetz and T. Bonman,
Agriculture Canada, Research Station, Swift Current, Sk., Canada, S9H 3X2
Introduction. The use of nitrogen fertilizers has increased dramatically in Western Canada
in recent decades. The efficacy of various nitrogen sources has been much debated by
producers, scientists, and some segments of society. Anhydrous ammonia is generally the
cheapest source of nitrogen, but its reputation has been much maligned, especially by
proponents of organic farming who allege that it destroys soil life and soil structure. Is
anhydrous ammonia deleterious to the soil? If so, is it more deleterious than other sources
of nitrogen, such as urea?
Materials and Methods. A 10-yr experiment conducted on an acidic, Scott loam, an Orthic
Dark Brown Chernozem (Typic Boroll) at Scott, Saskatchewan, was used to study the
influence of various rates of nitrogen, band applied at 10 cm depth annually as urea or
anhydrous ammonia, on yields of spring wheat, barley, and canola (for two years). During
the tenth year we sampled this soil 3 days prior to 'fertilization, and 6 and 23 days after
fertilization (Tl, T2 and T3) to determine the influence of fertilization on some of its
chemical, microbial and biochemical properties.
Results and Discussion. Anhydrous ammonia, when applied annually at normal rates for this
soil zone (i.e., 90 kg ha"1 or less) had no long-term detrimental effects on soil microorganisms
(Table 1), even though very high rates of nitrogen did acidify the soil (Table 2). Nitrogen
froifa anhydrous ammonia was more efficiently recovered in this soil than that from urea;
consequently, soils were more acidified by anhydrous ammonia than by urea at equal rates
of nitrogen. Cereals responded positively to rates of nitrogen up to 180 kg ha"1 (highest rate
used), but canola yields decreased with increasing nitrogen rates, especially when anhydrous
ammonia was used (Table 2). Very high rates of nitrogen caused leaching losses of calcium
and magnesium and increased soluble manganese in soil to potentially toxic levels.
Surprisingly however, there was little influence of nitrogen on soluble aluminum, an element
which usually increases in acidic soil conditions (data not shown).
Fungi, which tend to be acid-tolerant, and bacteria, which are not so acid-tolerant,
increased with rates of nitrogen, the increase being greater for anhydrous ammonia than for
urea (Table 1). However, acid-sensitive microorganisms, such as actinomycetes and nitrifier
bacteria, were negatively affected by the 180 kg ha"1 rate of N, especially anhydrous
ammonia. There was no negative effect of either nitrogen source on microbial activity, on
carbon (not shown) or nitrogen mineralization, or on nitrification, when nitrogen rates were
90 kg ha"1 or less (Table 1). These results can be explained in terms of the competing
tendencies relative to the positive effects of nitrogen (as a substrate) on growth of crops and
microorganisms, and the negative effect of nitrogen as it tends to acidify soil.

359

Table 1. Effect of rates and source of N on microbial populations (plate counts) and
potential+ rates of mineralization and nitrification at Tl for the 7.5-15 cm depth
Treatment

N rate
Actino(kg ha"1) Bacteria mycetes
(millions g soil"1)

Check
Urea
Ammonia
Urea
Ammonia
Urea
Ammonia

0
45
45
90
90
180
180

Significance
LSD (P<0.05)

Fungi Nitrifiers

N mineralization
Nitrification
— (kg ha 1 wk"1) —

(thousands g soil"1)

31
24
36
42
67
72
70

11
11
10
11
6
7
4

160
260
360
290
420
400
490

24
234
189
252
70
96
30

13.1
13.6
12.7
12.9
12.1
12.6
10.0

5.70
7.18
6.95
6.72
4.23
6.72
3.29

*
33

**
3

**
130

*
150

ns
-

*
2.4

+

Determined in 16 wk incubation at field capacity and 35°C with intermittent leaching,
ns,*,*,** refer to not significant and significant at P=0.1, 0.05 and 0.01, respectively.

Table 2.

Effect of rates and source of N on crop yields and some soil chemical properties
at Tl for the 7.5-15 cm depth

Treatment
Check
Urea
Ammonia
Urea
Ammonia
Urea
Ammonia
Significant5'
LSD (P<0.05)

N rate
(kg ha"1)
0
45
45
90
90
180
180

pH
Avg+ yield of
KC1 exchangeable
(CaCl2) Wheat Barley Canola Ca
Mg
Mn
5.2
4.8
4.7
4.8
4.5
4.5
4.3
**
0.2

(kg ha"1) 1956 2093
944
2259 2597
915
1997 2112
740
2255 2316
825
2201 2422
473
2483 2859
335
2175 2386
255
ND

+

ND

ND

(m molc kg"1)
94
27
89
22
86
22
96
24
85
21
77
19
72
17
**
5

**
2

(mg
16
32
36
32
81
57
108
**
39

Seven-yr average for spring wheat and barley; 2-yr (1989 and 1992) average for canola.
* ND = not determined; ** = significant at P<0.01.
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Use of Ammoxidized Kraft Lignin as an Humic Fertilizer
V. Ztiniga *, M. Bobadilla, S. Quezada, L Crespo, E. Esquivel and F. Ramirez.
Instituto de Madera, Celulosa y Papel. U.'. Guadalajara, Guadalajara, Jai, México.
Apdo. Postal 52-93 C.P. 45020.
Telephones: (913) 613-76-59 and613-76-60

Fax: (913) 613-76-61

Introduction.- Conventional inorganic fertilizers
are commonly used to supply nitrogen for
good harvests, however they lose nitrates that
pollute underground water when intense
rainfall, especially in combination of high
temperature.
The need of a product that fits with
features of humic acids together with the
capacity of mineral fertilizers, has induced
great research attempts toward this purpose
(FUERTES, et al., 1981).
Within this context, the aim of the
present work has been an evaluation of the
fertilizing performance of an industrial kraft
lignin treated by an oxidative ammonolysis to
fix nitrogen to lignin, which should be released
gradually in soil.

Trial.
1
2
3
4
5

Description
Ammonium sulfate
Ammonium sulfate + lignin
Lignin 1
Lignin 3
Control

Table 1. List of experimental treatments.

In case of grass experiment a set of
four cuts, one per month, were made for
biomass determination and its protein content.
In case of sorghum grain yield and the total
biomass yields were determined at the end of
the experiment. Protein content in grain and
biomass of both crops were determined by
A.O.AC, methods (HORWITZ, 1980). Nitrogen
loss by lixiviation were determined by Cadmium
Materials and methods.- Sorghum DK38 reduction method, with a spectrometer Hach
{Sorghum vulgare) and Buffel grass (Cenchrus DR/3000.
The statistical interpretation was made
ciliare L.) were used as the crops, and kraft
by
using
Statgraphics software version 2.6.
lignin with a total nitrogen content of 13% by
weight, according to the process reported by
Results and discussion.- Nitrogen loss by
RAMIREZ et al. (1993).
The experiments were carried out at a effect of lixiviation is higher when (NH 4 ) 2 S0 4
pot scale in a greenhouse using a Completely instead of used ammoxidized lignin as the
Randomized Design. It consisted of five nitrogen source at 7 weeks from sowing, as
treatments with seven repetitions for each shown in Fig. 1 referred to sorghum crop. This
one. In case of sorghum crop treatments behavior is quite similar to grass experiment.
number 1, 2 and 3 had a total nitrogen dose
Grain and biomass yields of sorghum
equivalent to 178 Kg N/ha, while 200 Kg N/ha were similar among each treatment, except for
were applied for buffel grass. For both the control, being the best results for treatment
experiments, treatment number 4 had a three number 4, as shown in Fig. 2. This observation
times the nitrogen request respectively, and is also supported by the statistical interpretation.
number S was the control. Phosphorus and
Fig. 3 shows biomass yield of grass which
potassium were added in a standard dose to
is related to nitrogen availability during the
provide the rest of primary nutrients.
experiment period.
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It also may be dependent of the nitrogen chemical
The protein content in all grass cuts
form released from lignin.
were similar among each treatment but their
content go down throughout the experiment.
Furthermore, in case of sorghum crop the
protein content in grain and biomass agree
with mean values found in literature (COMPTON,
1984).
Conclusions.- According to these results, the
nitrogen loss as nitrates is minimum from
ammoxidized lignin, thus preventing pollution of
underground water, while yield and protein
content are comparable with the use of
ammonium sulfate as conventional fertilizer.
It was also suitable a combination of (NH4)2S04
to provide a partial nitrogen release in short
period of time, plus ammoxidized lignin that
releases nitrogen subsequently in a gradual
rate. An alternative that fits both effects is the
use of higher amounts of ammoxidized lignin,
as treatment 4, which ensure enough nitrogen
release at the initial crop stage.

T i m * (Waaka)
- a - Lignin •

- * - <NH4)g»04*ll«.
M Oanlioi

Figure 1. Nitrogen lose by lixiviation in
sorghum crop.
l/h«

(NK,),SO. (NHj^O,-Ll«.

Lnjnki 1
Treatment»
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Figure 2. Grain and biomass yield of
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Figure 3 Biomass yield on buffel grass
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Modeling Temporal and Vertical Changes in Nitrification of
Banded Ammonium Sulfate in Soil
T. Nishio. Department of Lowland Farming, Hokuriku National Agricultural
Experiment Station, 1-2-1, Inada, Joetsu, Niigata, 943-01, Japan.
INTRODUCTION. Nitrification in arable soils results in
significant loss of fertilizer N.
To enhance availability of
fertilizer N by controlling nitrification, use of slow-release
fertilizers or nitrification inhibitors has been extensively
attempted. However, utilization of depressing effect of ammonium
on nitrification is the powerful alternative to control
nitrification, because concentrations of ammonium in soil can be
widely adjusted by fertilizer placement.
In this study, I
investigated the temporal changes in nitrate production from
various amounts of ammonium sulfate which were thoroughly mixed
with soil or banded in soil columns. By using a simulation model
including the depressing effect of ammonium on nitrification and
one-dimensional dispersion process, I successfully described the
results of the column experiments.
MATERIALS AND METHODS. Experiment Soil samples (Brown Andosols)
equivalent to 131.4 g of dry weight were uniformly packed in
Indicated
polyvinyl-chloride tubes (I.D. 5.2cm, length 9.5cm).
amount of ammonium sulfate powder was spread uniformly over the
one end of the packed soil, and another tube was put on it and
fixed.
The combined soil columns were placed in a chamber
maintained at 20 "C or buried vertically in a field so as to
expose the upper end.
After appropriate periods, the soil
columns were divided into 0.5-1 cm segments, and vertical
distributions of ammonium and nitrate were determined. Besides
the column experiment, temporal changes in nitrate production
were determined for various content of ammonium in soil by mixing
ammonium sulfate solution thoroughly with soils.
Model The model used in this study includes the depressing effect
of ammonium, growth of nitrifiers, and vertical dispersion
processes of ammonium and nitrate. When ammonium content (S) in
soil is small (<50 mgN kg ) , it is assumed that nitrification
rate can be described by Michaelis-Menten kinetics and the growth
of nitrifiers is negligible. When S is >50 mgN kg
and <5 gN
kg - 1 , nitrifiers assumed to proliferate with time. Moreover, it
is also assumed that nitrification is strongly depressed with the
increase in the content of ammonium. When S is >5 gN kg ,
nitrification assumed to be completely inhibited. The dispersion
processes of ammonium and nitrate represented by one-dimensional
diffusion-convection equations (see below).
RESULTS AND DISCUSSION. When S was >5mgN kg -1 , the higher the
content of ammonium in soil was, the slower the nitrification
rate during the initial period was observed. This depressing
effect of ammonium represented by a quadratic function of S which
was obtained from the initial nitrate production against various
content of ammonium in soil.
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When the net vertical water movement in the soil columns
were negligible, two nitrate peaks appeared symmetrically above
and below the ammonium peak. The higher the amount of ammonium
applied, the longer the distance between the ammonium peak and
the nitrate peaks. Temporal changes in vertical distributions of
ammonium and nitrate in the soil columns could be well described
by the simulation model (Fig. 1). This indicates that the model
in this study is a promising means to predict temporal changes in
nitrification rate or vertical distribution of fertilizer N which
are applied as ammonium in band placement (Fig. 2 ) .
diffusion-convection equations
* Equations
9S
dt -Di'

d'-S
dz*~

nitrification
l)

S<Si

dP
d--P
OP
= D,
dt
•v-¥r+N(t,2)

•--g-JKfc.)
rate

ii)

ammonium concentration

vs.

n i

N=0-m-Ks)

$i<S<s2

m — m0
6m»S
JV=Km+S

/
dm
•=T-m 1
V
~dt

>

m-in, \

S>s2
N=0

M-mJ

(Symbols) S: content of NH4* in soil, Di: an apparent diffusion constant
for NHn*, P: content of NO3". D2: an apparent diffusion constant for
NO3", v: average pore velosity, N: nitrification rate, z: depth, t.: time
, m: biomass of nitrifiers, ma: biomass of nitrifiers at the beginning,
M: the maximum biomass of nitrifiers. Km: a half-saturation constant,
7 : specific growth rate, 8 : a constant, f(S): function for depressing
effect of ammonium.
No>-c,n,N/«>
0.1

015

0.2

02
NO'" (aill/i)

Fig. 1 Comparison of vertical distribution of NO3" between observed values in
the columm experiment (histogram) and
the calculated values (curve). The experiment was continued for 28 days at
20°C. The application rate of ( M U ^ S O *
was 24 mgN cm" 2 .

Fig. 2 Predicted vertical distribution
of NO3" after 28 days from fertilizer
application, temp.: 20 °C, The values in
Fig. 2 represent application rate of
( N H Ü ) 2 S 0 4 (mgN cm" 2 ) in band placement,
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Phosphorus Fertilizer Recovery by Potatoes
M.E. Alvarez, J. D. Etchevers B., R. Nunez, V. Volke, J. Ortiz, y L. Tijerina.
Colegio de Postgraduados,

56230 Chapingo, A/ex, Mexico.

(Tins work was partiallyfinancedby PP1)

Introduction. The fertilizer requirements of a crop are the resultant of crop nutrient demand, soil
nutrient supply and fertilizer use efficiency (Cruz, 1990; Rodriguez, 1987). Fertilizer use efficiency
must be considered since a fraction of the applied fertilizer is lost through volatilization, leaching
and/or retention or can not be absorbed by the plant, particularly when the crop has a low root
density. The amount of applied-P recovered by a crop is influenced by some soil properties, and also
by technology of P fertilizer application (rate, timing, method of fertilizer application, and type of
fertilizer) and plant characteristics, mainly root density.
The soluble-P fraction contained in a P fertilizers reacts with specific soil components resulting in a
net immobilization of the applied-P. The P immobilization rate is influenced by the method of P
fertilizer application. The later determines the contact fraction between the fertilizer and the soil and
also the P that a young plant can uptake during the initial stages of root development.
The objetive of the present research was to determine P fertilizer use efficiency of potatoes grown
in an Andosol fertilized to four pre-planting levels of available P and subjected to different rates and
methods of P fertilizer application at sowing time.
Materials and Methods. Potatoes cv. Mexiquense were sown in an Andosol medium-low in
available-P (7.5 ppm of P-Olsen). The experimental site was located in the eastern part of the Valley
of Mexico at 2890 masl. Four levels levels of available-P at pre-planting (7.5, 9, 10.6, and 12.4 ppm
P) were established by broadcasting 0, 23, 60 and 117 Kg P/ha (triple superphosphate) 10 days
before sowing. A second application of fertilizer (18, 46, and 90 Kg P/ha) was made at sowing time.
Three method of application were used in this second ocasion: (a) broadcasting and mixing the P
fertilizer with the top 10 cm of soil, (b) banding the P fertilizer 6 cm below the seed, and (c) banding
the the P fertilizer 6 cm to the side of the seed and 4 cm below the surface. The experimental design
was a split-split plot with five replicates; whole, medium and small plots were the pre-planting levels
of available P in the soil, the rates of P applied at sowing time; and the method of application of P
fertilizer, respectively.
Results and Discussion. There was a clear crop response (tuber yield) to levels of pre-planting-P
(Fig 1) Near maximum yields were obtained when the pre-planting level of available P reached
approximately 10 ppm P-Olsen (60 Kg/ha of applied-P). Larger tuber/aerial biomass ratio (near 2.0),
(.<? the greatest efficiency for producing tuber dry matter, was observed when higher fertilizer-P rate
were applied. Root biomass (at the vegetative stage) increased as higher P fertilizer rates were
applied to the crop. Such a tendency was not evident at later stages of growth.
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No clear effects of method of application on yield and P uptake were observed (Fig 1).
Although,deep application resulted in lower root biomass (at vegetative stage).
In contrast to the response observed to pre-planting P, the fertilizer-P applied at sowing time had
little effect on tuber yield (Fig 2), P uptake, and root biomass. Considering the relatively low yields
attained the potato demand for P was satisfied by pre-planting P fertilizer application.
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Table 1 shows the P fertilizer use efficiency. Higher P fertilizer use efficiency (aprox 20%) were
observed in plots receiving the lowest P application (18 Kg P/ha).
TABLE 1. PHOSPHORUS FERTILIZER USE EFFICIENCY.
Method
of
Application

FERTILIZER USE EFFICIENCY

0
46

90

18

24.0 7.4
25.5 6.5
17.2 5.9

5.6
4.8
4.7

6.8
7.7
7.5

18
Broadcasted
Deep
Side

Pre-planting P application, kg/ha
23
60
P applied at sowing, kg/ha
46
90
18
46
90
%
3.7
3.3
6.2 4.7
3.1
5.9 4.8
6.3 4.6
3.1
5.9 4.7
7.6
4.8
3.1

117
18

46

90

4.0
3.3
4.9

3.1
3.4
3.7

3.3
3.0
2.5

Tubers + Aerial Biomass

The P fertilizer efficiency decreased sharply (to prox. 3%) in plots where high levels of P had been
applied. Broadcast-P was used more efficiently than the deep and side applied-P at above levels of
applied-P.
Literature Cited
Cruz, H. M. L. 1990. Establecimiento de dosis de fertilization fosfatada para maiz y cebada en
suelos de Tlaxcala mediante un modelo integral simplificado. M. Sci. Thesis, Colegio de
Postgraduados, Montecillo, México.
Rodriguez S., J. 1987. Desarrollode normas de fertilization para el cultivo de maiz y de la cebada
en el Estado de Tlaxcala, Colegio de Postgraduados, Montecillo, México.

366

Reducing Phosphorus Runoff from Pastures Receiving Poultry
Litter
P. A. Moore, B. R. Shreve, T. C. Daniel, D. R. Edwards.

USDAIARS

and Departments of Agronomy, and Biological and Agricultural Engineering,
University of Arkansas, Fayetteville, AR 72701. Contribution from USDAIARS.
Land application of po . .
-^
t forage N
requirements normall' r ? ,1J- - an yve^-appi^oavion u*. c. Chemical
amendments have t'c
• •'
th» availability of P in
manure through p.
.
«.actions.
The
objective of th.h. stu-..
«..-' ^cts of two
chemical amendment;-., alum and fax
~ sulfate, on t? concentrations
in runoff water and to e- - 1 "
-^ed litter on
forage production.
.This experiment was conducted on i.sa m by 5.96 m pluts
located on a Captina silt loam (fine-silty, mixed, mesic Typic
Fragi%dult).
These plots have been in fescuegrass (Pestuca
arundinacea Schreb.) production for three years. The experimental
design was a modified randomized complete block design with three
replications of four treatments consisting of a control, poultry
litter alone, poult:... litter plus alum, and poultry litter plus
ferrous sulfate. Litter was b aucast at the irate of 11.2 t ha'1
(dry weight basis).
Chemical amendments were incorporated into
litter rior to broadcasting at a rate equivalent to 20% by weight.
Amendme.-.t weight and water contents were taken into account when
calculating the weight ui* moist litter to b» added to each plot,
^ainfal' simulators were L.
to provide 5 cm/hr precipitation
. i "ter application.
Runoff was
vents i, 9, and 16 d a
jollecttvd for 30 minutes dun-r.g aach event at 5^ minute intej 'a;s.
after continuous runoff was observad. Time to runoff was r e c ded
for each plot, and a
tlon time and volume' of runoff ' eta
recorded for each rune.
...pie. Total volumn of runoff and rur.off
rate were then calculat*u from these parameters. Background N and
P concentrations were' determined in water used to simulate
rainfall. A subsample of each runoff water sample was filtered
through a, 0.45 jum membrane and acidified to pH 2 with concentrated
HC1.
Soluble reactive P concentrations were determined
colorimetrically .jAn the filtered, acidified samples using the
ascorbic .acid*reduction method. Phosphorus losds from each plot
were calculated Crom P concentrations and runoff rate
Unfiltered
aliquota'wer^d.Mested for total N and total P usi. sulfuric acid
with KjS.P4 aj»#*«gS0, as catalysts. Plots were harvested 14 and 28
days after thVfirst precipitation event by mowing t*** entire plot
to a 10 cm height and weighing all forage.
Alum amendments to poultry litter resulted in an 87% reduction
in the V concentration of runoff compared tp_ litter <alpne-for the
first runoff event and a 63% r
-tion for the second runoff ey§nt.
NFerrous sulfate
lendments ti poultry litter also displayed a
'««crease i P n . f conce ..ration ;77% and 48% for the first *-
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second runoff events, respectively). In the third runoff event, P
concentrations in runoff from plots receiving chemically-amended
litter were significantly decreased from that of litter alone,
wheroas no differences were observed between chemically-amended
litter and the control. Total P concentrations were reduced by
chemical amendments to litter in the same manner. Alum and ferrous
sulfate were also successful in reducing total P loads from the
first runoff event, showing no difference from the control plots
which had not received litter. No differences in total P loads
were observed between treatments after the first runoff event.
Decreases in P concentrations in the runoff from amended
litter are a result of precipitation and/or adsorption reactions
which decrease P solubility in litter. Decreasing P concentrations
in agricultural runoff should have a major impact on accelerated
eutrophication of surface waters.
These amendments also inhibit NH3 volatilization by lowering
litter pH, which controls the ratio of NH3/NH4. Inhibition of NH3
volatilization from litter may benefit the poultry industry in
With current production practices, five to six
several ways.
flocks of chickens are grown out on the same bedding material over
a one year period.
After that time, the litter (composed of
bedding and manure) is removed and typically land applied as
fertilizer.
Continued use of old litter by consecutive flocks
results in production of NH3 gas, with levels as high as 50 to 100
ppm in the atmosphere of commercial poultry houses, with high
levels more common in winter since high heating costs force
producers to decrease ventilation. Inhibiting NH3 volatilization
with chemical amendments should result in heavier, healthier birds.
In addition, lower ventilation rates would be required, which would
reduce winter heating costs. A secondary economic benefit would be
the improved fertilizer value of treated poultry litter (ie higher N content). These economic incentives to treat litter are
important because at this time no economic incentives exist for
decreasing P runoff fror, pastures in the United States.
Litter application also significantly increased forage yields,
with total forage yield having the greatest response to alumamended litter. This was hypothesized to be due to decreased NH3
volatilization with this treatment, since N uptake was higher in
this treatment.
•

Alum-amended
poultry
litter
dramatically
decreased
P
concentrations in runoff, decreased total P loads, and increased
forage yields and N concentrations. The combination of decreased
P runoff and increased forage yields suggest that alum-amended
litter has substantial promise for use as an environmental and
economic management tool in the poultry industry.
Therefore,
treating poultry litter with alum may be a new best management
practice for areas that have - erv'ieds that are susceptible to
eutrophication.
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Long-Term Phosphorus Fertilization over a Rainfall Gradient in
Dryland Farming Systems of Northwestern Syria
J. Ryan, S. Masri, L. Habib, and M. Pala. Syria.

Phosphate deficiency is a major constraint in agriculturv
throughout the world; the semi-arid rainfed lands of the vast area
of West Asia-North Africa (WANA) are no exception to this
generalization. As soils of this dryland zone are predominantly
calcareous, they are prone to low levels of plant-available P.
Additionally, a number of socio-economic factors have contributed
to low P fertilizer inputs, i.e., traditional small-scale farming,
poorly developed infrastructure, uncertain returns due to drought
hazard, etc. However, in the past decade research conducted by the
International Center for Agricultural Research in the Dry Areas
(ICARDA) in collaboration with the various national programs has
demonstrated the potential of judicious fertilization to increase
crop yields. In general, where soil P test levels were less than
about 6 (ppm) according to the Olsen procedure {0.5 M Na HCO,), a
response was likely for rainfed crops. When test values were above
this critical level, fertilization was normally not recommended.
Soil testing could therefore pinpoint on-farm P fertilization
needs as well as indicate the P status of various soil types or
regions; in Morocco some large areas, e.g., the P-mining area of
Khouribga, are naturally rich in available and total P. Given the
initial responses to applied P, the subsequent concern was with the
long-term effects of fertilization
in soils of a xeric
Mediterranean environment with alternating cereal and legume
rotation. Thus, the normal reversion or transformation of P
fertilizer in soils is likely to be modified with time by
concomitant biological and climatic factors. The dynamics of
residual P are normally studied in long-term incubated laboratory
experiments or in pots in the greenhouse. Most reported long-term
field trials are from temperate regions, and none have assessed P
within the context of cereal-legume rotations.
Consequently, a long-term P fertilization was established at
three experimental stations operated by ICARDA in northwestern
Syria on a rainfall gradient; its main station at Tel Hadya, near
Aleppo, (330 mm, Calcixerol 1 ic Xerochrept), Breda 35 km to the east
(265 mm, Typic Calciorthid), and Jindiress 70 km to the northwest
(470 mm, Chromic Calcixerert). All are deep soils and are
representative of their respective areas. The objectives were to
examine the dynamics of soil P with time and to establish the
minimum level of applied P necessary to maintain adequate levels of
available P.
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Initially, all sites were low in available P. In 1986/87 «.
range of soil test levels was established by applying different P
rates as triple superphosphate (0, 22.4, 44.8, 67.2, and 39.6 kg
ha ). To sub-^quent seisons, annual rates of P (0, 6.7, 13.4,
20.1, and 26.8 kg ha"') were applied broadcast and incorporated at
planting. All plots received 60 kg N ha'1 per year during the cereal
phase. The sequences were as follows: Tel Hadya, wheat/lentil;
Breda, barley/vetch; and
Jindiress, wheat/chickpea.
Yearly
measurements were taken of available soil P levels along with dry
matter yield and uptake data. Mean seasonal rainfall and ranges
were as follows: Breda, 260m (183 to 415 mm); Tel Hadya, 332 mra(222
to 504); and Jindiress, *'1 mm (334 to 715 mm).
As considerable amounts of P had been added and accumulated in
the soil after 8 years, selected plots were sampled on the surface,
and with depth to lm, for analysis of total, and organic P, and
inorganic P fractions. Particular emphasis is being paid to organic
P, as it builds up with fertilization and is subject to
mineralization under cyclical moisture and temperature, thereby
potentially contributing to plant P. The potential effect of
previous P additions on adsorption and release parameters are being
assessed by isotherm studies in the laboratory.
Not only were biomass yield data different between stations,
being directly related to rainfall and in the order of Jindiress,
Tel Hadya, and Breda, but they also varied as annual rainfall
varied. Despite the low range of available P, e.g., Breda (2.4
ppm), Jindiress (4.0 ppm), and Tel Hadya (6.0 ppm), there was no
response to cereals in the first crop year, which had above average
rainfall. During the next three years of below average rainfall,
responses to P were inconsistent. However, in the last two years,
there was a tendency for yields to increase with increasing
current-year applied P and for residual P from the initial
application to be apparent.
While annual P additions increased soil test levels for
NaHCOj-P, the impact of residual P was still apparent in these
values after 7 years. Without fertilization, soil test values in
the Breda soil did not substantially change over the years, while
those from Tel Hadya and Jindiress declined by 30 to 40% over the
same period; indeed, in some years, test values showed a slight
increase from the previous one.
\\
'
Considering the quantities of P added initially and yearly and
that removed in the grain and straw, it was apparent that the bulk
of added P was still in the soil. The fate of this added P wi 11 be
determined by the various P analysis. An attempt will be made to
reconcile crop response differences, and P changes with time and
between stations in terms of adsorption-desorption characteristics.
Similarly, the apparently lower critical P. levels for these soil*
'ill be explained.

370

Phosphorus Use Efficiency in Rice Soils of the Central
Highlands of Madagascar
V. Balasubramanian'',
J. Ratsimandresy, L. Razafinjara and
R.Rabeson.
Madagascar-IRRI
Rice Research Project and Department of Rice
Research/FOFIFA,
B.P. 4151 Antananarivo (101), Madagascar.

Introduction. Paddy soils in the highlands of Madagascar are derived mostly from ferrallitic
clays and peats. They are generally deficient in available phosphorus (P) due to low inherent
P content and/or high P fixation capacity. Efficient P fertilization methods are needed to
increase rice yields economically in such soils.
Materials and Methods. Soil P characteristics were assessed from earlier studies. Results of
many fertilizer trials were analyzed to appraise the P use efficiency by rice.
Results and Discussion. Native soil P fertility is determined by total P content, P fixation
capacity and available P (3). All the three P indicators are closely related to soil organic
matter (SOM) content (Table 1) which plays an important role in fertilizer use efficiency.
Resin-extractable P is very low in mineral and slightly organic soils, while high P fixation
capacity (1200 to 2000 mg/kg) reduces P availability in organic soils. Low P often associated
with low hase status severely limits crop productivity and biological nitrogen (N) fixation.
Thus, P fertility is one of the major problems in the management of these soils.
Table 1. Selected characteristics of four soil types in the Central Highlands of Madagascar
[derived from (3)].
Characteristics

Mean SOM, %
pH (water)
Total P,
mg/kg
P fixation cap, "
Resin-extr. P, "
Ex. Ca, cmol/kg
Ex. Mg, "
Ex. K,
Ex. Al, "

Mineral
(0-4% SOM)

2.92
5.6
517.0
690.0
4.9
4.2
1.4
0.1
0.5

SI. organic
Organic
(4-8% SOM) (8-14% SOM)

5.98
5.4
1138.0
994.0
6.4
3.0
0.5
0.1
0.6

9.78
4.9
1243.0
1195.0
8.0
2.9
0.3
0.1
1.0

Highly organic
(> 14% SOM)
20.2
4.9
1149.0
1965.0
11.2
4.2
0.4
0.1
1.7

Early fertilizer trials on rice indicated that P deficiency must be corrected to obtain response
to other nutrients. This would require a correction dose of 87 to 174 kg/ha of P, followed by
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a maintenance dose of 13 to 26 kg/ha of P for each crop (4). Resource-poor Malagasy
farmers cannot make large investments on corrective P fertilization, unless financially
assisted by the Government. Recent trials (1985-91) identified P root dipping as an efficient
method for P application in small amounts (2). In P-fixing soils, a dose of 13 kg/ha ofPby
root dipping gave grain yields equivalent to that of 26 kg/ha of P broadcast over the soil. In
mineral soils, this method gave similar yields as P broadcasting. P productivity (kg rough
rice per kg nutrient) of triple super phosphate was 93 to 154 for root dipping and 33 to 146
for broadcasting (Table 2). When NPK compound fertilizers were used for root dipping,
soluble N and K caused root injury and seedling mortality resulting in low stand density.
Table 2. Mean productivity (kg rice/kg P) of fertilizer P in different trials in Madagascar.
Years

1986-90
1988-90®
1988-90

P, kg/ha

13
26
13
26
13
13
13

Source of P

Triple super
"
"
"
Hyper Reno (RP)
11-22-16 compound
16-16-16
"

Productivity
Broadcasting
Root dipping
48.9 - 61.4
33.2-38.1
146.1
81.5
47.3
17.8
76.4

93.2 - 99.9
154.2
69.9
63.0
12.2

@ Mineral soils with low P-fixation capacity
In PEM-FAO trials (1), there were strong interactions between N and P, indicating that N is
better utilized in the presence of P and vice versa. Organic soils responded mainly to high P
and low N levels, while the reverse was true for mineral soils. In long-term trials (1986-91),
combined application ofN and P gave optimum rice yields which were further increased by
the addition of organic manures/residues along with NP or NPK fertilizers (2).
Literature Cited.
(1) PEM-FAO. 1992. La fertilisation du riz irrigué sur les hauls plateaux de Madagascar:
Résultats des essais de fertilisation conduit par le Programme Engrais Malagasy (PEM)
(1987-1991). PEM, DPA/MINAGR1, Antananarivo, Madagascar, 1992. 23 p.
(2) Robeson, R. et al. 1992. Fertilization of rice soils: A review of long-term fertility trials in
the highlands of Madagascar. In the Joint ARFS, INSURE and 1PM Networks Meeting,
Hochiminh city, Vietnam, Oct 12-17, 1992. 26 p. 1RRI, Los Banos, Philippines.
(3) Roche, P. 1991. Interpretation des analyses de sols des échantillons des essais de
fertilisation conduit par PEM. Consultancy Report 1991, PEM, DPA/MINAGR1,
Antananarivo, Madagascar. 24 p + Tableaux, Cartes, Figures et Annexe.
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L 'Agronomie Tropicale 24

2,11

Plant Availability of Phosphorus at Different
Temperatures from Previously Heavily Fertilized Soils
B.R.Singh
Department of Soil and Water Sciences
Agricultural
University of Norway P.O., Box 5028,
Aas,
Norway.
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Availability of phosphorus (P) accumulated in soils over a long period of time is
dependent on a number of factors. The effect of some of the factors such as soil
texture and temperature on P supplying capacity of 9 different soils, with high initial P
status, to plants was studied. Phosphorus levels in the soils extracted by ammonium
lactate varied from 260 to 730 mg kg~l soils. Crops were grown till the available P in
some of the soils was almost exhausted and the response to applied P was quite
substantial. Phosphorus was applied at the rate of 0 and 15 mg kg" 1 soil to each crop
grown at 0, 12 and 18° C in environmentally controlled growth chambers. The crop
grown in succession were oat, ryegrass, oat, rape and oat.
The first and second crops generally did notrespondsignificantly to added P except in
the Stj0rdal sandy and clay soils. In the successive crops, the dry matter yield was
higher with applied P and in the fourth and fifth crops (rape and oat) the yield increase
was statistically significant in most of the soils. In a number of soils, fourth and fifth
(rape and oat) crops suffered from P deficiency. The soils having the same level of
residual P responded differently and thus the response to applied P depended not only
on the residual P but also on the physicochemical properties of the soils.
The total dry matter yield decreased significantly with increasing temperature in all the
crops except in the third crop where it increased.
The concentration of P in the first three crops was little affected by P application but in
fourth and fifth crops it was significantly higher without P than with P in most of the
soils. This was caused by lower yields in the former case and thus less dilution of P
taken by the plants. Phosphorus concentration in all the crops except in the ihird crop
of oat increased consistently and significantly with increasing teperature in most of
the soils.
The total uptake of P in the first three crops was not affected significantly by P
fertilization but in the fourth and fifth crops, it was significantly higher with P
fertilization than without The total P uptake was generally higher at higher
temperature and the differences between temperatures in a larger number of cases
(crops and soils) were found to be significant
The extractable P (P-Al) in the soil was in most cases higher with P fertilization than
without and the differences became larger after fourth and fifth crops in most of the
soils. The extractable P in most of the soils generally increased with increasing
temperature.
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These results suggest that soil texture and the growth environment are important
factors controlling P supply from the previously heavily fertilized soils. The results
further indicate that the soils studied and especially the heavy textured ones could
supply P to 5-6 crops without additional fertilization and this aspect is further
substantiated by the ongoing field experiments under varying soil and climatic
conditions.
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Indexing Sandy Soil Phosphorus Retention as a Tool
for Managing Phosphorus Applications
G . Kidder, R . D . Rhue, and W . G . Harris. Soil and Water Science
Department, University of Florida, Gainesville FL 32611-0290,
USA.

Introduction. Phosphorus (P) retention capacity in soils of high sand content ( > 900 g kg')
may be exceeded when high rates of fertilizer or manure are applied. The P which is not
retained may leach, enriching ground and spring waters. Concern for environmental effects of
P-enrichment of surface waters has called attention to the limited capacity of certain sandy soils
to retain applied P, especially in areas of intensive agriculture. Consequently, there is interest
in restricting manure application to levels which will not exceed the soil's capacity to retain P.
Measurement of site-specific P retention by laboratory methods such as sorption isotherms is
more precise and time-consuming than is needed for management at the field scale. An index
which would utilize already collected data or readily observable characteristics to approximate
the P-retention capacity of field soils would be very useful for managing P applications.
The objective of this study was to test the hypothesis that P retention of sandy soils could be
effectively indexed using selected soil morphological indicators, refined by laboratory data when
available.
Materials and Methods. Soil samples were taken from 96 horizons of randomly selected
Alaquod, Quartzipsamment, and Paleudult pedons. P-sorption capacity was established by
determining single point isotherms (at 400 jig P g'1 soil) for all samples. Multi-point sorption
and desorption (30 washings with 50 mM KCl) isotherms for a subset of 21 samples were
conducted. The following soil sample characteristics from the soil characterization database
were statistically related to P-sorption: great group, genetic horizon designation, percent clay,
KCl-extractable Al, and Munsell color (indication of presence or absence of coatings on sand
grains).
Results and Discussion. Samples having the highest clay content (Bt horizons) had the greatest
adsorption and retention of P (Table 1). The Bh horizons (Alaquods) also showed large
adsorption capacities, but limited evidence indicates that as much as half of the sorbed P is
easily desorbed. Further characterization of the scrption/desorption of Bh horizon material is
underway. Even a very small amount (1-3%) of clay material present as coatings on the sand
grains of Quartzipsammems made a significant difference in the relative phosphorus adsorption
(RPA). When absent ( < 1% clay), as in the case of uncoated Quartzipsamments, RPA was
minimal, and any P adsorbed was easily released. In archived data, the absence of coatings is
indicated by high value and low chroma Munsell color, characteristic of bare quartz sand
surfaces, and very low clay content. These "coating-free" soils are distinguished at the series
level from other sandy soils based in part on Munsell color.
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Table 1.

Mean P adsorption, P desorption, and related data for the samples on which
multipoint adsorption and desorption isotherms were conducted.
P
Desorption*
(%)

Diagnostic
Horizon

Clay
content
(%)

Relative P
Adsorption
(%)

Paleudult

Bt

13.6

96

5

Alaquod

Bh

4.1

96

47

Paleudult

A

2.3

74

27

Paleudult

E

1.7

69

21

Quartzipsamment (coated)

A

2.4

51

43

Quartzipsamment (coated)

E

2.4

52

32

Alaquod

A

1.9

26

100

Alaquod

E

1.9

8

100

Quartzipsamment
(no coatings)

A

0.4

5

100

Quartzipsamment
(no coatings)

C

0.3

1

100

Great Group

*Very limited data

A discrete clustering of RPA values by taxonomie groups was shown by statistical analysis. The
strong linkage between morphology and P adsorption capacity made it possible to combine
taxonomie and genetic criteria (i.e., great group and horizon) with archived data, including clay
content and color, to produce a P-retention index. The index, which is still in development,
seems to relate well to the RPA measured by time-consuming laboratory characterization.
The index allows available soils information to be utilized to predict P retention by sandy soils.
P retention of a field site would be the product of P retention index and thickness of each
horizon. Field verification of the index is planned before it is used as a tool in planning
agricultural P management.
Summary. It appears that the P retention potential of very sandy soils can be indexed from soil
characteristics which are documented as part of soil classification (USA). Great group
classification, horizon type, clay content, and color relate well to P retention measured by timeintensive laboratory adsorption and desorption studies. The P retention index can be a very
useful tool for P planning and management purposes.
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Soil water content and P acquisition by sugar beet
N.Claassen*, and H.Schmid. Institute of Plant Nutrition, TU MünchenWeihenstephan, 85350 Freising, Germany.
Introduction. The acquisition of soil nutrients by plants may be affected by drought. In dry
soils ion mobility is low (1) and root growth is reduced(2). Even so, it is seldom heard that in
dry years plants would show P deficiency, and Kuchenbuch and Barber found, that in dry years
root density in the upper soil decreased by a factor of 3 but the yield of maize on the
unfertilized plot was not affected. Therefore P influx must have been as high or even higher in
dry than in wet years.
The purpose of the present study was to investigate to which extent soil water content affects
root growth, P influx and P uptake.
Materials and Methods. This experiment was carried out on a plot of low and a plot of high
soil P, on a loamy soil in Bavaria, Germany. At low P level P soil solution concentration in the
upper 15 cm was 2.7 /tmol P/l, at high level 37.4 yunol P/l. There was no difference in soil
solution concentration below 15 cm. 40 days after planting sugar beet a mobile plastic roof
protected half of the plots against rain. When rain ceased the roof was removed. At five dates
between the end of May and August plants were harvested and separated into leaves, beets and
roots. Root length and several soil parameters as P soil solution concentration, water content or
soil test values (Ca-Acetate-Lactate procedure) were determined at 6 depths, down to 120 cm.
Results and Discussion. Figure 1 shows that drought reduced the yield about 50%. There was
no difference in yield between the high and low P level. Total root length was affected by
drought. The higher root length on the watered plots was due to an increased root growth in the
0-15 cm layer and reflected the lower water content in this layer. Below 30 cm there were no
differences in water content. The effect of drought on P uptake and influx was large. Average P
influx was reduced by 40% on the low, and by 60% on the high P level.
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Fig. 1. Final yield (leaves + beets) and P uptake of sugar beet on a soil low (-P) and high (+P)
in P at low and high water supply. Root length for the soil layers of 0-15 and 15-90 cm
and the P influx were average values for mid June through the end of August.
These results are as expected from the laws of diffusion, which is the main mechanism of P

377

transport to roots (4). The equation shows that the flux by diffusion, F D (mol cnr 2 s 1 ) can be
described as follows
F D = D L 0f(dC L /dr)
Where D L is the diffusion coefficient in water (cm2 s 1 ), 9 the volumetric soil water content
(cm cnr 3 ), f the impedance or tortuosity factor which increases with 0 (1). C L is the soil
solution concentration (mol cnr 3 ) and r (cm) is the distance to the root. The equation shows that
the flux to the root surface and thereby the influx depends on the diffusion path characteristics
given by the soil water content and the tortuosity of that path.
-P

water content

+P

June

i

r

July

Aug.

Fig.2. Phosphorus influx of sugar beet roots on a low P (-P) and a fertilized plot (+P) at
changing water content of the plow layer (0-30 cm depth) on the dry (unwatered) plot.
Figure 2 shows for the low and high P plot, that a decrease of the soil water content from
18.5% to 12.1% reduced P influx by about a factor of 6.5. But in July and August, even
though soil water content continued to decrease to 10.2 %, P influx increased in both plots by
about 400%.
These results are unexplained, because there is no doubt that soil water content does affect ion
mobility in soil, and should therefore affect the influx. It seemed that plants have developed
mechanisms to change the conditions in the rhizosphere which overcome the impairments of soil
dryness. This may be the explanation why P deficiency is not observed in dry years. In further
experiments we will try to elucidate those mechanisms.
Literature Cited.
(1) Barraclough, P.B., Tinker, P.B. 1981. The determination of ionic diffusion coefficients in
field soils. I. Diffusion coefficients in sieved soils in relation to water content and bulk density.
J.Soil Sci. 32, 225-236.
(2) Hallmark, W.B., Barber, S.A. 1981. Root growth and morphology, nutrient uptake and
nutrient status of soybeans as affected by soil bulk density. Agron.J. 73, 779-782.
(3) Kuchenbuch, R., Barber, S.A. 1987. Yearly variation of root distribution with depth in
relation to nutrient uptake and corn yield. Comm. Soil Sci. Plant Anal. 18, 225-263.
(4) Barber, S.A. 1962. A diffusion and mass-flow concept of soil nutrient availability. Soil Sci.
93, 39-49.
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Post-harvest Residual Effects of the Application of
Potassium-Rich Waste on Soil Potassium Fractions
F. Gallardo-Lara*, M. A/con, J. L. Quesada and A. Polo**. *U.E.I.
de Qufmica Agricola. Estación Experimental del Zaidin (C.S.I.C.). Granada.
Spain. * *Departamento de Contamination y Qufmica Ambiental. Centra de
Ciencias Medioambientales (C.S.I.C). Madrid. Spain.

Introduction. Some studies have investigated the possibility of discarding olive oil mill
wastewater in the soil-plant system, in an attempt to simultaneously make use of its potential as
a fertilizer. Delia Monica et al. (1,2) studied the effects of this by-product on pH and different
parameters relating soil contents of nitrogen, phosphorus and organic matter. Perez and GallardoLara (3,4) used incubation experiments to investigate the effect of this wastewater on nitrogen
and sulfur transformation in soil. The application of olive oil mill wastewater has the direct
effect of decreasing plant assimilation of nitrogen and phosphorus, and the residual effect of
increasing these values (5).
The present study was designed to investigate the residual effects of the high concentration
of potassium in olive oil mill wastewater on soil potassium fractions.
Material and Methods. Bulk soil collected for the pot experiments was a sandy loam from
the province of Granada (Spain) with pH (1/2.5 soil/water) 6.60 and organic matter content
2.21%.
The olive oil mill wastewater was obtained from the Cooperativa San Rogelio processing
plant in Illora (province of Granada) with pH 4.96 and K content 4500 mg 1'.
Plastic pots were filled with an amount of air-dried soil equivalent to 2 kg oven-dried
(105 °C) soil. In all, four replications were done of each of six treatments; Control (soil alone),
Control + NPS, Soil + NPS + 220 ml wastewater (WW,), Soil + NPS + 440 ml wastewater
(WW2), Soil + NPS + KC1 low dose (MF,) and Soil + NPS + KC1 high dose (MFj). Sowing
density of ryegrass was 1000 seeds per pot. The aerial parts of the plants were harvested
monthly over a period of three months. At postharvest, K in soil was fractionated by the
method outlined by Hrtinek (6), with some modifications for total K, which was determined
according to the procedure of Shapiro (7). Water-soluble potassium was determined by extraction
with distilled water. Exchangeable potassium was extracted with 1 M NH4OAc. Mobile
potassium reserve was measured by extraction with 1 M HN0 3 . Potential potassium reserve
was extracted in 20% HC1. Total potassium was determined by digestion of a 0.25 g sample on
a steam bath overnight with a mixture of HF, H2S04 and HN0 3 . Potassium firmly bound in
minerals was calculated as the difference between total K and the sum of the preceding fractions.
Results and Discussion. Water-soluble K in soil increased significantly with treatments
WW2 and MF2 in comparison with the two control treatments. The lower dose of wastewater
and K fertilizer also increased this fraction, although the differences with respect to control
treatments were not significant The application of K as either wastewater or mineral fertilizer
had the residual effect of significantly increasing exchangeable K in the soil, in comparison
with the control treatments. Wastewater also led to larger increases in this fraction than those
found after treatment with K fertilizer. The fractions corresponding to the mobile K reserve and
the potential K reserve (representing together K adsorbed in soil) increased after treatment with
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wastewater or mineral fertilizer in comparison to the control treatments. The increases observed
after treatment with the fertilizer were greater than those produced by wastewater, probably
because of an effect associated with the acid nature of the latter, which may have impeded the
adsorption of soil K, as suggested by the findings of Lipkina (8). Treatments containing
wastewater or mineral fertilizer increased the Kfirmlybound in minerals and the total K in soil,
although the increases were not significant
Acknowledgements. The authors are grateful to the CICYT for financing this study through
project NAT90-0823.
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F. Ramirez*, S. Villagarcia. Department of Soil Science,
Universidad Nacional Agraria La Molina. Apdo. 456. Lima-PerüIntroduction. The potato is an important food crop on the world.
The crop is demanding of soil nutrients and has a particularly
high requirements for potassium - the tubers remove Hi times as
much potassium as nitrogen and 4 or 5 times the amount of
phosphate. The effect of a single nutrient (like K) in a
fertilizer depend upon the way in wich it is chemically combined
in the fertilizer material and this affects both yield and crop
quality.
Materials and
Methods. This research was
carried out in
Chinchero, Urubamba (Cusco) at 3810 from October 1990 to April
1991, in order to evaluate potash sources (potassium chloride,
potassium sulphate and potassium nitrate) and doses of potassium
fertilization (0, 80, 160, 240 and 320 kg K 2 0 ha~i). Two field
experiments were set on Huatata and Proyecto Aeropuerto. The
characteristic of the Huatata superficial soil were textured
loam, moderately acid, medium in organic matter, medium to low in
phosphorus
and potassium
available to plants,
while the
percentage of K saturation was 2.1%. The Proyecto Aeropuerto
superficial soil were textured loam, high in organic matter,
medium in phosphorus and low in potassium, while the percentage
of K saturation was 0.7%. The nitrogen and phosphorus rates
applied were 160 kg N and PzOs h a - x , respectively.
A completely randomized block design in factorial ar*-.igement
with three replications each, was used in every experiment.
Results and Discussion. The highest total and marketable yield
(46.8 and 39.4 t ha - 1 ) were obtained with the Chasqa cultivar on
Huatata soil at 240 kg KzO ha- 1 . (Table 1 ) . Normally potash
increases the average size of tuber and, hence the proportion of
marketable tubers (1). No statistically difference were found
neither to the effect of potassium sources nor the interaction.
Research comparing the chloride, sulfate and nitrate sources of
potassium have failed to show consistent differences in yield,
quality or nutrient uptake among these sources (2). However, the
potassium rates were statistically different.
It was found a square response to the levels of potassium
fertilization with KC1 and KzSO* (r=0.90) and a linear response
with KNOs in the total yield (r=0.97).
With respect to the field experiment on the Proyecto Aeropuerto
soil with the Mariva potato cultivar, the sources of potassium
resulted with significant differences. The highest total and
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marketable yield (31.8 and 28 t ha-i) were obtained with KNO3,
which represent increments of 18% and 14% in the total yield, and
30% and 15% in the marketable yield in relation to KC1 and K2SCU
sources.(Table 1)
Likewise, there was significant
difference among doses of
potassium fertilization.
The
highest
total and marketable yield
(31.7 and 27.5 t ha"1) were obtained at 240-1kg K2O ha"1, wich
represent increments of 15.4 and 14.2 t ha , respectively in
relation to the control treatment.
With respect to the total yield there were statistical difference
to the linear effect with the KC1 and K2SO4 sources and square
response with KNOa source.
Table 1. Effect of potassium sources and rates for potato
Site

HUATATA

PROY. AEROPUERTO

Chasqa cultivar
K form

K2O rate
(kg ha-i)

Total
yield

Marketable
yield

Mariva cultivar
Total
yield

Marketable
yield

t ha-i

t ha-i

t ha-i

t ha-i

KC1

80
160
240
320

39.0
46.0
48.8
45.5

31.6
40.6
39.6
39.6

22.8
26.8
28.8
29.3

19.8
22.6
25.3
18.6

K2SO4

80
160
240
320

41.7
42.7
46.7
43.0

35.5
36.6
40.6
37.1

22.8
26.4
30.2
31.7

18.3
23.1
26.5
29.6

KNOa

80
160
240
320

40.3
41.2
45.0
49.0

32.1
35.8
38.0
42.0

29.2
32.6
36.1
29.5

27.1
29.6
30.6
24.8

38.2

31.8

16.3

13.3

CONTROL

Literature Cited.
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382

Potassium efficiency of wheat, maize and sugar beet
on a sandy clay loam soil
U. S. Sadana, and N.
München-Weihenstephan,

Claassen*. Institute of Plant
85350 Freising, Germany

Nutrition, TU

Introduction. Plant species differ in their K efficiency i.e. in their ability to grow
on low K soils. The reasons for different K efficiencies may be given by the size
of the root system, the uptake efficiency of each root segment i.e. the influx
and the growth rate of the shoot. The present investigation was planned to
study K efficiency of summer wheat (Triticum aestivum L. cv. Planet), maize
(Zea mays L. cv. Pirat) and sugar beet (Beta vulgaris L cv. Orbis).
Materials and Methods. Surface soil samples of Angelberg sandy clay loam soil,
pH 7.5 and clay 33% were collected from 2 plots having 0.05 mM K (Ki) and
0.14 mM K (K2) in soil solution (Cy). K2 soil sample was fertilized with 580 mg
K/kg soil and soil solution concentration of 1.7 mM K (K3) was obtained.
Essential plant nutrients were supplied according to crop requirement. Seeds of
3 crops were sown in pots containing 2.9 kg soil at volumetric moisture content
of 0.4 cm^/cnr* in a controlled growth chamber (light/dark regime of 16/8
hours at 25/18°C, relative humidity 60/75%, light intensity 14000 lux). Root
and shoot weight, K content of plants, root length and root radius were
determined 8 (13 days in case of sugar beet) and 20 days after germination.
Soil and plant parameters for nutrient uptake model based on K transport by
diffusion and mass flow and K uptake following Michaelis-Menten kinetics were
determined as described (1).
Results and Discussion. Figure 1 shows that sugar beet could produce
maximum dry matter yield at 0.05 mM K in soil solution. Increasing level of K
111)

W

M

SB

60

100 -

i

i

cu
Wheat

80

Ï

60

40

-

s

/ / Sugar beet

c

40

u 20
c

20

8

n

3

i

6

K1 K2 K3

2

i

7

K1 K2 K3

.

3 6 9
K1 K2 K3

Fig.1 K efficiency (=relative yield) of wheat (W),
maize (M) and sugar beet (SB) at 3 levels
of soil K. The numbers in column indicate
plant K content in %.
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did not affect dry matter yield, while K content of plants increased 3 times and
Na content (not shown) decreased by 5 0 % . Wheat and maize dry matter yield
increased by 60 and 3 0 % , respectively, with increase in soil solution K to 0.14
m M . These results indicate that sugar beet had a higher K efficiency than wheat
and maize. The possible explanation for this could be that sugar beet had lower
demand for K and/or a more efficient root system. Looking at the data in table
1 indicates that sugar beet had the lowest root/shoot ratio but highest relative
shoot growth rate, therefore, resulting in a 4.5 and 2 times higher shoot
demand than wheat and maize, respectively. On the other hand sugar beet had
a 4 times higher K influx at K-j than wheat and maize. The same influx would
have been sufficient for maximun uptake of wheat and maize. Thus, the reason
for the higher K efficiency of sugar beet was based on the higher K influx i.e.
higher uptake efficiency of roots.
Table 1 : Root-shoot relations and measured and calculated K influx in roots of
wheat, maize and sugar beet

crop

Wheat
Maize
Sugar beet

Root
shoot
ratio
(mg1)
133
89
54

Relative
Shoot
shoot
demand
growth rate
(10- 6 s- 1 )
(ngs^cm1)
1.8
2.5
3.1

13
28
59

K influx, 10" 14 mol cm" 1 s _1
measured
K,
K2
K3
9
10
41

22 21
28 4 8
8 2 133

calculated
K,
K2
K3
16
17
27

24
35
47

28
61
85

* amount of shoot produced per second per unit of root
In order to find an explanation for sugar beet having a 4 time higher K influx as
wheat and maize, model calculation that included root hairs were run. They
s h o w (Table 1) some overestimation of K influx for wheat and maize but
underestimation for sugar beet. The K concentration at the root surface (Fig.2)
decreased to 3 /vM for sugar beet and 16 fjM for wheat. According to these
calculations the higher influx of sugar beet was due to its capability to decrease
the K concentration to a lower value thereby increasing the concentration
gradient and so the transport to the root surface. Experiments in solution culture
at constant low K concentration, however, show that wheat obtained a
maximum influx and maize 5 0 % of it at a K concentration of 5 JJM (2). The
reason for these discrepancies are not k n o w n . Possible explanation could be
that not all roots, as assumed here, were taking up K or that only part of the
root surface of wheat and maize was incontact w i t h the soil.
Literature Cited.
(1) Claassen, N., Syring, K.M., Jungk, A. 1986. Verification of a mathematical
model by simulating potassium uptake from soil. Plant and Soil 9 5 , 2 0 9 - 2 2 0 .
(2) Meyer, D. 1993. Effizienz von Kulturpflanzen bei der Nutzung des
nichtaustauschbaren Kaliums von Boden. Ph.D. Dissertation. Georg-August
Universitat, Göttingen.
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Studies on the Balanced Potassium Nutrition inAnnual
Rotation System of Wheat and Maize in North China
S.M. Zhang, J. Zhang, and H. Yan. Shandong Academy of Agricultural
Sciences, Jinan 250100, P.R. China
Introduction. North China, rich in climatical resources of light and heat, is an important area for the production of grain, cotton and oil crops. The annual rotation of winter
wheat and summer maize has become one of the major cropping forms over decades.
Potassium deficiency in wheat and maize resulting from the insufficient supply of soil
potassium is becoming increasingly clear as the yield of two crops increased. The objective of field experiment was to explore the characteristics of potassium metabolism, the
effect of potassium fertilization, and the reasonable distribution of potash fertilizer in
the rotation system.

Materials and Methods. A cross —site rotational experiment of winter wheat and summer maize was conducted on two major soils in North China. Wheat was planted in early
October, and maize in mid June when wheat was harvested. Plant samples were prepared for potassium content analysis by atomic absorption spectrometry. There were
five distributing ratios of potash fertilizer applied to the two crops.
Results and Discussion.
1. Characteristics of potassium metabolism in wheat and maize-. Little potassium was required at the seedling stage of maize. The accumulation intensity of potassium in the
above—ground part was 87 — 91 m g / p l . d from the jointing to silking stage. There were
significant

negative relationships between K — Mg ( r = - 0 . 4 5 6 " " ) , K — Ca ( r =

- 0 . 5 5 2 " " ) , K — Fe(r = -0. 4 3 4 " " ) , a n d K - Z n ( r = -0. 431" * ) . Proportions of potassium
were 50% in stem and 44% in leaves at the beginning of silking stage. After pollination, some potassium in vegetative organs transferred to reproductive organs. At maturity, proportions of potassium were 55. 3 % in stem and about 1 5 % in each of cob,leaves
and kernels, respectively. In wheat, the change of growing center(organ) was closely
related to potassium metabolism in those organs at different growing stages. The maximum accumulation rate of potassium in sheath, blade and stem appeared at the jointing,
flag —leaf expanding and grain —filling stages,respectively. That in spike and kernels
appeared at the maturing stage. At maturity,proportions of potassium in s t e m , sheath
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and blade were about 6 0 % , 20% and 10% respectively, and less than 10% in spike and
kernels.
2. The effect of potassium fertilization

:

In a long term rotational experiment, 150—190

— 150 kg/ha of N — P 2 0 5 —K 2 0 increased yields of wheat by 7. 2% and maize by 14. 3 %
compared with 150—190 — 0 treatment. The content of seven essential amino acids was
increased by 18. 2 % in wheat kernels and 6. 9% in maize kernels. Potassium content in
maize leaves increased by 0. 19 — 0. 9 5 % . Protein and fat contents in wheat kernels increased by 3. 8% and 3. 1 % , respectively.
3. The reasonable distribution of potash fertilizer

in the rotation system i Summer maize is

more sensitive to potash fertilizer and more tolerant to the high level of it than winter
wheat. The main effect of potash fertilizer on present crop superiors to the residual effect on the succeeding crop. Application of 360 kg K 2 0 / h a to wheat and maize at a ratio
of 1:3 produced 7. 57 t / h a of wheat and 12. 77 t / h a of maize. All K 2 0 applied to summer
maize produced 7. 27 t / h a of wheat and 12. 95 t / h a of maize. Only 7. 60 t/ha of wheat
and 11. 18 t/ha of maize were produced when all K z O was applied to winter wheat.
Therefore,the optimum distributing ratio of 1:3 could achieve the highest annual grain
yield and the maximum profit.
Literature Cited.
CD Shandong Academy of Agricultural Sciences, 1980. Studies on the characteristics of
nutrient absorption in high —yielding wheat. Journal of soil and fertilizer 6: 27 —
32.
C2J Zhang S. M. et al. 1993. The effect and reasonable distribution of potash fertilizer
in the annual rotation of wheat and maize. Proceedings of soil and fertilizer of Shandong.
C33 Zhang J. , Wang Z. X. et al. 1992. Relationships among nutrients in leaves and effects of fertilization on high—yielding maize, soil — resource — ecology — environment. 245 — 252.
C43 Wang Q. C. , Zhang J. et al. 1993. Studies on the absorption and distribution of
nutrients in high —yielding maize. Journal of soil and fertilizer. 3:23 — 27.
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Potassium Fixation by K Depleted Illitic Soils in
Relation to Crop Response to K
Ch. Srinivasa Rao* and M.S. Khera. Division of Soil Science and Agricultural
Research Institute, New Delhi. 110012, India
Introduction. In India annual potash removal through harvested
crops to an extent of 10 million tonnes amounts to an average of 32
kg ha
whereas the overall consumption has just reached to 5 kg
ha , clearly showing a severe soil potassium depletion. This
continued K depletion is bound to affect the crop production due to
high fixation of added K as was borne out by long term field
experiments (2). Therefore, the effect of K depletion on K fixation
as related to crop responses was examined.
Materials and Methods. Eight surface bulk soil samples one each
from eight soil series varying in texture and K status collected
from illitic Ustochrepts were depleted of K by Sudangrass (Sorghum
vulgare var Sudanansis) for 245 days under exhaustive cropping.
Soils were ulksiijie in reaction with clay and its illite content
varying
between
5.7 ana i:u.<; ana 34.0 to 61.7 per cent,
respectively. K fixation characteristics of soil samples collected
before and after K depletion were studied by two step alternative
methodology which included 2 hours and 2 months eaui1ibration (1).
Response of maize (dry matter) to K application was examined on K
depleted soils.
Results and Discussion. Larger K depletions were associated with
high initial exchangeable and non-exchangeable K contents of soils.
Out of 204 mg 100 g
soil of initial non-exchangeable K in Hissar
series, 35.2 mg 100 g
soil (17.3%) were depleted
by seven
harvests whereas in Palam series 18.2 mg 100 g
soil (23.1X) were
depleted out of 78.9 mg 100 g
soil of initial non-exchangeable K.
Other soil series varied in between these two.
K fixation studies on original and K depleted soils using 2
hours and 2 months equilibration periods showed that irrespective
of soil and cropping, K fixation increased with period incubation.
Palam soil with initial low non-exchangeable K fixed greater
amounts of K than Hissar soil with high initial K status. After
cropping, the fixation increased more conspicuously in Hissar soil
than in Palam soil. The effect <bf period of incubation was also
mere prominently seen fn Hiooar eeil oomparod fee Palam ee-iMTaê+e-1 >

387

Table 1 : Amount of K fixed in ppm at 200 ppm added K.
After cropping

Before cropping
Soil series

Hissar
Palam

2 hours

2 months

28
149

82.9
161 .0

2 hours

2 months

114.7
156.8

142.9 .
169.8 .

As a corollary to above observations on K fixation, the amount
of fertilizer K required to rise a unit amount of available k was
greater in case of severely K depleted Palam soil compared to less
K depleted Hissar soil. Two months equilibration period showed
greater requirement of K both before and after K depletion in case
of the two soil series (Table 2 ) .
Table 2 : Unit of fertilizer rate
available K.

required

Before K depletion

per

unit

rise

in

After K depletion

Soil series
2 hours
Hissar
Palam

1.11
3.85

2 mon-ths--- 2- -hours1.69
6.00

2.56
5.26

-2~~monfcns~
3.85
7.69

On K depleted Hissar soil where K fixation was around 75 per
cent, dry matter yield of maize increased upto 100 ppm of added K
whereas substantial response on Palam soils was found upto 150 ppm
K where as high as 90 per cent pf added K was fixed. More K is
needed in Palam soil to compensate the large K
unsaturation in
non-exchangeable
positions before getting crop responses
to
applied K in soil where reserves cf K have been exploited.
It is concluded that present day imbalanced use of fertilizers
mostly without K leads to serve soil K depletion such an extent
where crop responses to normal doses K will not result.
Hence,
applying maintenance doses of K at an early stage is highly needed
to stop degradation of soil clay by continuous K depletion.
Literature Cited
(1) Moorhead, K.K. and McLean, E.0.(1985).Soi1 Sci. 139(2):131-138.
(2) Nambiar, K.K.M. (1992). Annual Report. All India Coordinated
Research Project on Long Ten» Fertilizer Experiments (ICAR),
MSW Delhi
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Micronutrients and swine manure application in the
fertilization of corn (Zea mays L.J on a Duric Ustorthent
D. Rosas*, A. Trinidad and J. Mares.
GAPOL de Mexico, SA. de C. V. and
Centro de Edafologia, Colegio de Postg, aduados, Montecillo, Mex., Mexico.

Introduction. In Mexico, the crops respond to any kind of manure application. This has been
observed on corn production in most of the soils under rainfall conditions. This may be related by
the manner they are used and managed, using just chemical fertilizers, without replacing organic
residues to the soil. Most of the cultivated soils are poor in organic matter and low in fertility
level. Under this conditions, it always has been observed on the crops, strong responses to the
manure macro and micronutrients applications (Volke, 1973, Guerrero 1987; Perez, 1988, Peto,
1991), but, using manures, like chicken manure or swine manure, combined with chemical
fertilizers have been obtained the higher corn yields (Guerrero, 1987). This interaction organicchemical fertilizer may be related to the supply of micronutrientes from the manure
applications.According to the above information, this work presents data about the application of
swine manure and micronutrients in corn production cultivated per two years consecutives 1991
and 1992 in a Duric Ustorthent, located in the northern part of Mexico city Valley.
Materials and Methods. The field experiment was carried out in the experimental station of
Colegio de Postgraduados in Tecamac, state of Mexico, located in the northern part of Mexico
City Valley, on a soil classified as a Duric Ustorthent. As a experimental design for the
treatments, a complete factorial 4 x 2 was used, this is, four levels of micronutrients (0, 25, 50, 75
Kg/ha of Carpol, a comercial micronutrients product of GAPOL S.A. de C.V ) and two levels of
swine manure (0, 5 ton/ha). The concentration of micronutrients in Carpol is: 0.05% B, 1.5% Mg,
6% Fe, 6% S, 0.001% Mo, 0.0028% Co, 0.3% Cu, 0.7% Mn y 4% Zn. All treatments were
fertilized with 100 Kg N/ha as urea and 80 Kg P205/ha as superphosphate. These treatments were
distributed in the field, in a randomized block design, repeted four times.
The experimental units consisted of 5 rows of 80 cm wide per 8 m long; this gave an experimental
area of 32 m2. A population density of 40 thousand plants per hectare of maize of Zacatecas 59
variety was used for 1991 and H-28 for 1992.
Results and Discussion. Grain and stover yields were used to evaluate the response of corn to
the treatments. Significant increase of grain yield was obtained with micronutrients application
from 0 to 50 Kg/ha in the treatments without swine manure application. On the plots with swine
manure the same responses were observed with increasing levels of Carpol application. But the
yields in this case were higher. In the plots with swine manure,a negative effect in corn yield was
observed at high level of Carpol application (Fig. 1). This may indicate that swine manure is
supplying micronutrients to the corn (Volke et al., 1973). With Carpol and swine manure
application the content of micronutrients in the corn were increased and higher amount of these
micronutrients were taken up by the plant. With these data is concluded that micronutrients
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applied from Carpol increased the corn grain and stover yield, cultivated on a Duric Ustorthent
Soil.Higher yield was obtained with combined application of swine manure and micronutrients.
J 1 0 Ton/ha swine manure
I

5 Ton/ha swine manure

2500-

2250-

2000-

25

50

75

Micronutrients (Kg/ha)

Fig. 1. Effect of micronutrients and swine manure on the corn grain yield.
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Microelement Nutrition of Potatoes (Solarium tuberosum L.)
S.P. Trehan*, and J. S. Grewal. Central Potato Research Sation, P.B. No. 1,
Jalandhar, 144 003, India
Introduction. Micronutrients have been reported to increase photosynthetic rate and translocation
of sugars to potato tubers (Uppal and Singh 1989) and the size of tubers (Trehan and Grewal, 1981)
resulting in higher yield.
Materials and Methods. Field an pot experiments were conducted to find the extent of micronutrient
deficiency and responses to their application in different potato growing soils of India; to
measure varietal responses; to establish critical deficiency limits; to find their effect on
potato diseases and to evaluate different methods to ameliorate their deficiency.
Results and Discussion. The critical deficiency limits in soil were estimated to be 0.7 ppm of
Zn, 0.3 ppm Cu and 3.4 ppm of Fe by DTPA-method. The critical deficiency levels of total Zn total
Cu, total Fe and Ferrous-Fe were, respectively, 25, 8.5, 290 and 80 ppm in 4th leaf from top of
main shoot sampled at 40 days after planting. The deficiency of Zn is widespread in potato growing
soils and ranges from 18-83% in different states of India.
The deficiency of Fe ranges from 0-33%, that of Mn from 0-55% and that of Cu from 0-47%. Responses
of potatoes to Zn, Fe, Cu, Mn, B and Mo were recorded in 66, 60, 50, 43, 37 and 31% of field
experiments conducted in different potato growing areas of India (Table 1). Magnitude of response
varied between 1.0 and 7.6 t ha with an average of 2.5 t ha" .
Table 1. Extent of response of potatoes to micronutrients in
potato growing soils of India.
Micronutrient
Zinc
Copper
Iron
Manganese
Boron
Molibdenum
Total

Number of experiments
Response
Total

Response (t ha )
Range
Mean

41
3
31
35
30
29

27
19
22
15
11
9

1.0-7.6
1.0-6.6
1.1-6.9
1.0-3.9
1.1-4.4
1.0-3.5

2.9
2.9
2.5
2.0
2.3
2.0

210

103

1.0-7.6

2.5

1 Response more tlhan one tonne per hectare.
The rapid bulking and high yielding potato varieties of short duration showed higher response to
Zn than other varieties grown in the same field. The concentration of Zn alone in potato leaves
was not enough to account for varietal differences, but the nutrient ratio was important as the
response of particular variety was related positively with the ratio of Mn/Zn composition in
leaves.
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High levels of either P or Zn created imbalance in the leaves which adversely affected the tuber
yield. The P:Zn ratio of 70 to 100 and 210 to 240 were marginal for P and Zn disorders,
respectively. Therefore Zn could induce Zn deficiency if P:Zn ratio is below 70 and likewise P
could induce Zn deficiency if P:Zn ratio is above 240.
Micronutrients increased utilization as well as demand of NPK by and for potato crop. Thre
response of potatoes to NPK was increased by 3 to 19 kg of potato tubers per kg of NPK in the
presence of micronutrients (Zn, Fe and Mn) .
Micronutrient needs of potato crop can be met by their application througth soil, foliar spray
or soaking of seed tubers depending upon the severity of deficiency and fixation capacity
of soil.
Foliar spray of micronutrients (Zn, Cu, Mn and Mo) significantly reduced late blight intensity
from 94% to 29% and increased tuber yield from 2.6 to 15.5 t ha in north western plains or
India (Table 2).

Table 2 Effect of micronutrients on the
intensity
disease, late blight and tuber yield of potato.
Treatment 1

Intensity
(%)

Control
Zn+Cu+Mo+Mn (0.2%)
Ridomil (0. 25%)4
1
2
3
4

94
29
1

of

AUDPC 3 Tuber yield
(t ha" 1 )
2611
845
36

2.6
15.5
27.6

Two foliar sprays were given at 30 and 45 days after planting.
At 60 days after planting.
AUDPC = Area under disease progress curve in units.
Fungicide (Mixture of 8% matalaxyl and 64% mancozeb).

Results show that the deficiency of Zn is widespread in potato growing soils of India. Potatoes
responded to the applications of micronutrients and magnitude of response depended upon the
cultivar and the severity of their deficiency in soil.
Micronutrients reduced the intensity of potato disease, late
blight.
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Direct and Residual Effects of Applied Zinc Suphate in
Wetland Rice
A. Raja Rajan. Department of Soil Science & Agricultural Chemistry, Tamil
Nadu Agricultural University, Coimbatore-641 003, India.
Introduction. In wetland rice soils, after N, Zn is the most important
nutrient limiting yields (1). Zn deficiency can be corrected with soil
application of various salts as ZnSO.. In certain situations, moderate to
high rates of Zn can satisfy crop requirements for more than one season(2).
This was investigated in a greenhouse experiment using the radiotracer65znMaterials and Methods. The experiment was carried out with two soils, a
silty clay (pH 7.1, DTPA-Zn 2.22 ppm, Entic Chromustert) and a clay loam
(pH 7.2, DTPA-Zn 0.78 ppm, Typic Chromustert), and with 65zn-tagged
ZnS04 at four levels (0, 25, 50 and 100 kg ha"l ) on rice (IR 20). Common
applications of N, P and K were made at recommended levels. After harvest,
a second crop of rice (IR 20) was also raised to study the residual effect.
Results and Discussion. Significant differences were observed in the yields
of the main crop as well as the succeeding crop. The highest yield of the
main crop was at 25 kg ZnS04 h a - 1 . In both the crops, the per cent Zn
derived from fertiliser and consequently the uptake from fertiliser
increased significantly with the level of application. The per cent
utilisation of applied Zn was highest (0.75) at 25 kg ZnS04 ha-1 in the main
crop and the same in the succeeding crop ranged from 0.47 (100 kg ZnS04ha"l)
to 0.63 (25 kg ZnS04 ha"1)(Table D.The results were indicative of residual
effect of ZnS04 and suggested application of 25 kg ZnS04ha-1 would suffice
for two crops of rice grown in succession.
Table 1. Per cent utilisation of applied Zn in rice (IR 20)
Main crop

ZnSO. level
(kg ha" 1 )
1 . Control

Si 1 ty
clay

-

Clay
loam

-

Succeeding crop
Mean

Si 1 ty
clay

-

-

Clay
loam

-

Mean

-

2. ZnS04-25

0.78

0.71

0.75

0.54

0.71

0.63

3. ZnS04-50

0.53

0.45

0.49

0.53

0.54

0.54

4. ZnS04-100

0.42

0.30

0.36

0.45

0.48

0.47

0.49

-

0.51

0.58

-

Mean

0.58

CD (P=0.05)

CD (P=0.05)

Soil

0.07

NS

ZnSO- levels

0.08

0.11
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Zinc Adsorption and Increase of Plant Zinc Concentration
Upon Zinc Application in Mineral Soils of Finland
•

M. Yli-Halla. Department of Applied Chemistry and Microbiology, P. O. Box 27,
SF-00014 University of Helsinki, Finland.
Introduction. Supply of native and added Zn to plants is hampered by the strong adsorption by
soil. Zinc deficiency is limited to calcareous soils but the Zn concentration of fodder crops is
below the requirement of the grazing cattle also in the acid soils of Finland, giving rise to the
need of Zn application. The purpose of this study was to investigate the soil factors controlling
Zn adsorption in these soils and the efficiency of added Zn to increase plant Zn concentration in
a pot experiment.
Material and Methods. The research material consisted of 67 cultivated mineral soils (Entisols
and Inceptisols) from different parts of Finland. Some soil characteristics are presented in
Table 1. ZnAc refers to the results of an extraction by 0.5 M NH4-acetate-0.5 M acetic acid-0.02
M Naj-EDTA at pH 4.65, the method used to assess Zn status in soil testing in Finland. Zinc
adsorption index was determined by shaking a soil sample (1.0 g) with 40 ml 0.01 M CaCl2
containing 0.50 mg Zn dm'3 (20
Table 1. Features of the experimental soils.
mg kg'1 of soil) for 4 h. Zinc adsorption
was calculated as the difference between the
Characteristic
Mean
Range
quantity added and that remaining in the
solution. In the pot experiment, one crop of
ryegrass was grown for 30 d in 0.2 dm'3 of
Clay, %
25
1 - 74
Organic C, %
2.9
0.7-•7.7
soil. Two replicates of each soil were cropped with added Zn (10 mg dm 3 of soil)
pH(H20)
6.0
4.2-•7.4
and in another two the plants relied on the
Fe ox \ mmol kg"1
76.9
10.1 -231
native reserves. All pots were fertilized
Al,,,1, mmol kg'1
66.1
9.1 • 178
ZnAc, mg kg 1
3.5
0.8-• 22.8
with appropriate rates of N, P, K, Ca, Mg
and S, and watered with deionized water.
1
Extracted with 0.05 M oxalate at pH 3.3.
Results and Discussion. Zinc adsorption stands for specific adsorption because, due to the
abundance of Ca ions in the supporting electrolyte, the electrostatic adsorption of Zn probably
remained low. Zinc adsorption was 13-100% of added Zn (mean 57%), correlating most closely
with soil pH (r = 0.84"*). In the regression analysis, Zn adsorption (percentage of added Zn)
was also enhanced by clay and organic C contents (%), probably owing to the connection
between Zn adsorption and CEC. The regression equation was as follows:
Zn adsorption = 36.42 pH + 0.42 Clay + 2.51 Organic C - 178.39
R2 - 0.88"*
p(pH) = 0.885
P(Clay) = 0.373
^(Organic C) = 0.141
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In the pot experiment, dry matter yields were not increased by Zn addition. Zinc concentration
of the grass was 13.5-63.0 mg kg"1 (mean 32.7 mg kg"1) and 7.5-38.0 mg kg' (mean 19.5 mg
kg'1) in soils fertilized and those not fertilized with Zn, respectively, the average increase of
plant Zn concentration being 13.2 mg kg'1. Zinc concentration of the grass correlated
negatively with soil pH and positively with ZnAc.
The greatest increases, up to 35 mg Zn kg"1, occurred in acid coarse mineral soils and the smallest ones (below 5 mg kg'1) in the less acid soils. According to the following equation, the
increase in plant Zn concentration (y, mg kg'1) increased when ZnAc (mg kg'1) and Zn adsorption index (% of Zn added) decreased and Feox (mmol kg'1) increased:
y = - 9.53 loge Zn-adsorption - 3.24 log, ZnAc + 2.96 loge FeM + 41.45
p(Zn-adsorption) = -0.786
R2 = 0.65*"
p(ZnAc) = -0.325
p ( F O = 0.291
The response of plant Zn concentration to
added Zn distinctly correlated with Zn
401
adsorption only in soils where the Zn
adsorption index was below 40% (Figure 1),
30
a limit which corresponds to pH 5.4 - 5.7,
depending on clay content. Those soils (n =
20
51) in which more than 40 % of added Zn
was adsorbed were studied separately with
10
regression analyses. In these soils the
relative importance of logj Zn adsorption in
explaining the increase in Zn concentration
0 10 20 30 40 50 60 70 80 90 100
was smaller (p = -0.39) and those of
Zn adsorption index, %
Figure 1. Relationship between soil Zn adsorp- loge ZnAc and log, Fe0I greater (P = -0.53
tion (x) and response of plant Zn concentration and 0.40, respectively) as compared to the
above regression equation where the whole
to added Zn (y).
material (n = 67) was used.
Increase in plant Zn concentration, mg/kg

Conclusions
1. Zinc adsorption by mineral soils of pH 4.2 - 7.4 increased linearly with increasing soil pH,
with some positive contribution also by clay and organic C contents.
2. The effect of Zn fertilization on plant Zn concentration correlated negatively with soil Zn
adsorption especially in strongly acid soils, but in soils of pH above 5.4 - 5.7 soil Zn status
was at least equally important, markedly regulating the increase in plant Zn concentration upon
Zn application.
3. Ryegrass was able to utilize added Zn in spite of specific Zn adsorption to the soil. This
suggests that specific adsorption was reversible, not resulting in the loss of plant-availability
in the neutral and acid soils concerned.
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Influence of Manure and Copper and Zinc Fertilization
on Crops Grown on Podzol Soils of Eastern Canada
Umesh C. Gupta*, A.J. Campbell and J.A. MacLeod, Agriculture Canada,
Research Station, Charlottetown, Prince Edward Island, Canada CIA 7M8
Introduction. Soils of eastern Canada are deficient in certain micronutrient and crop responses
to their applications have been found (Gupta et al, 1986). Many soils receive liquid pig
manures with or without other fertilizers in this region. Manure applications can alleviate
deficiency of copper (Cu) and zinc (Zn) as well as of other nutrients. On the other hand,
continuous use of such manure could result in excess buildup of Cu and Zn and other heavy
metals. Copper and Zn are significant from the soil fertility viewpoint and therefore are the
main thrust of this study. We therefore conducted field experiments to determine the effect
of a range of rates of liquid pig manure on grain yield and nutrient composition of barley.
Separate field trials were also carried out to ascertain the effect of Cu and Zn fertilization on
cereals.
Materials and Methods. 1. Liquid Manure Trial - This study was conducted on barley
(Hordeum vulgare) in Prince Edward Island (P.E.I.), Canada. Soil at this location had a pH
of 6.2 and organic matter content of 2.9%. The application rate of liquid pig manure (on fresh
basis) was based on 40, 80, and 160 kg of available nitrogen (N) ha"1 measured as ammonium.
This was equivalent to 0.05, 0.10 and 0.20 kg Cu ha"1 and 0.3, 0.6 and 1.2 kg Zn ha"1,
respectively at the 3 rates. Manure was broadcast on the soil surface and one-half of the main
plot incorporated with a disc harrow and the other half with a chisel plow.
2. Copper and Zinc Fertilization Trials - This investigation was conducted on wheat (Triticum
aestivum L.), barley and oats {Avena sativa L.) on a fine sandy loam in P.E.I, with a pH of 5.7
and organic matter content of 2.8%. Copper and Zn were applied in the form of sulfates at
0, 10, 25 and 50 kg Cu or Zn ha"1. All plots received N-P-K at 500 kg 17-7.4-14.1 ha'.
Crops from both trials were harvested at maturity and the grain yield was recorded. A small
sample of grain was saved for Cu and Zn analysis. For the Cu and Zn trial, the boot stage
tissue (bst) was also sampled for Cu and Zn analysis. After harvest, soils were analyzed by
ICP emission spectroscopy to determine the Mehlich III extractable Cu and Zn.
Results and Discussion. Application of 40 and 160 kg N ha"1 through spring applied manure
resulted in barley grain yields of 3,700 and 5,122 kg ha'1, respectively. Discing or plowing
under of manure did not affect barley grain yield or Cu and Zn in plants and soil. The Cu and
Zn concentration in the grain ranged from 4.1 to 4.9 ug g"1 and 24.4 to 27.7 ug g'1, respectively
but were not significantly affected by the manure application rates. Bomke and Lowe (1991)
reported that at rates of 40 t poultry manure ha"1, Cu and Zn in barley plants significantly
increased from 2.6 to 4.2 and 17.9 to 27.7 ug g"1, respectively. Anderson et al. (1991), who
applied high rates of Cu rich manure found corn (Zea mays L.) grain Cu concentration in the
range of 1-5 ug g"1.
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Copper added through fertilizers raised the Cu concentration in the bst and grain of cereals
from 3.8 to 6.7 and from 5.1 to 8.2 pg g', respectively. Zinc applications through fertilizers
raised the Zn concentration in the bst and grain from 17 to 109 and 25 to 62 ug Zn g"1,
respectively.
Applications of 10 and 25 kg Cu ha"1 had no significant effect on barley and oat grain yields
but 50 kg Cu ha"1 decreased their yields. Wheat yields were unaffected by rates of Cu
application. Zinc application of 50 kg ha"1 had no significant effect on the yield of any cereal.
The barley and oat yield reductions at the 50 kg Cu ha'1 rate were associated with 3.8 - 6.7
and 5.1 - 8.2 ug Cu g"1 in the bst and grain, respectively. This decreased grain yield was also
associated with Mehlich III extractable soil Cu levels of 21 ug g"1. Extractable soil Zn levels
of up to 22 pg g"1 and bst and grain Zn levels of 66 - 109 and 43 -62 ug g"1, respectively, had
no detrimental effect on yield. A high proportion of applied Cu and Zn recovered in the soil
after harvest support the results of Cox (1992) who reported that extracted Cu after application
decreased slowly.
Summary. Mehlich III extractable soil Cu and Zn levels as low as 0.9 and 1.2 pg g"\
respectively, are not in the deficiency range for cereals. Cereal tissue Zn levels as high as 62
pg g"1 in kernels and 109 pg g"1 in the bst did not reduce yield. Copper applied at 50 kg ha'1
decreased barley and oat yields but the related tissue levels were only 6 to 8 pg g"1, indicating
that plant Cu may not be a good indicator since even high application rates fail to increase
the cereal Cu concentration. The yield reductions due to Cu were associated with 21 pg g"1
Mehlich in extractable Cu in the soil. Applications of liquid pig manure as high as 124 t ha"1
(160 kg N ha"1 rate) increased Cu and Zn levels in cereals and soils only slightly on podzol
soils of eastern Canada. Barley yield increases due to pig manure are not ascribed to Cu and
Zn since their levels, according to the Cu and Zn trial, were adequate for cereals.
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Effect of Silicate Based Mg-Fertilizers on Growth and
Yield of Rice
T.J. Weerasuriya and W.M.L. Fernando. Institute of Fundamental Studies,
Hantana Road, Kandy, Sri Lanka
Introduction : An attempt is being made in Sri Lanka to supply a
multi-nutrient slow releasing fertilizer package developed from indigenous
silicate rocks in an attempt to break the yield barrier reached with NPK
fertilizers.
Materials and Methods : Three rock types, phologopite mica (5% K20, 8% Mgl),
Si02), serpentinite (39% Mgu, 43% Si02), and dolomite (20% MgOJ were compared
against kieserite (23% S and 17.4% Mg), as Mg sources. Solubility of mica and
serpentinite was slightly increased through partial acidulation (5:1 rock to
sulphuric acid) thereby giving 3% and 7.5% S as well as 5.7% and 11.33% Mgu
respectively.
Two levels of total Mg (10 and 20 kg/ha) given as a split level application
basally and at maxirrun tillering stage were tested on an ultisoi () under
greenhouse conditions using the BG-94-1 rice cultivar. 8 kg of soil and 6
plants per pot were used.
NPK was supplied according to government
specifications (Table 1). Sulphate of arrmonia was used to provide equivalent S
to that of kieserite for the dolomite treatments and NPK controls. Tiller
counts and soil solution K, Mg and Ca were taken bi-weekly and panicles counted
at panicle initiation.
Table 1 - S, Mg contents and application rates of Mg fertilizer (kg/ha)
Source
Dolomite
Kieserite
Acidulated mica
Acidulated serpentinite

S%
23.2
3.1
7.4

Mg%
12
17.4
3.4
6.8

10 kg/ha Mg 20 kg/ha Mg
83.3
166.7
57.5
115.0
297.6
595.2
148.1
296.2

Govt recorrmendations (kg/ha) - basal: urea 15, MOP 34, TSP 122.3 : 1st top
dressing: urea 93.5; 2nd top dressing: urea 82.5, MOP 42.5.
Results and Discussion : Yellowish orange colouration of basal leaves
indicative of nutrient deficiency was observed at panicle initation.
The
tiller and panicle counts suggest lack of response to Mg fertilization given
the conditions of the pot experiment (Table 2).
The lower dose scores
marginally better than the higher dose even with kieserite (Fig.1). These
results indicate that a combination of factors resulted in lack of response to
Mg fertilizers. The deficiency symptoms, lower counts with higher application
rates suggest that quantity of pot soil and basal N and K were limiting factors
since too high a number of plants per pot were selected. Analysis of healthy
and nutrient deficient leaves showed a 20% reduction in basal leaf K.
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Table 2 - Tiller and Panicle counts
Tillers
10 kg/ha - Kieserite
12.75
M
- Serpentinite
15
A
II
- NPKS-1
13.75 A
tt
- Dolomite + S
12
It
- Mica
14
A
20 kg/ha - Serpentinite
11.5
it
- NPKS-2
13.25 A
ii
- Mica
12.5
ii
- Dolomite + S
12.25
H
- Kieserite
11.5

BC
B
BC
B
C
BC
BC
B C
C

Panicles
19.7b A
19.25 A
18.25 A B
18.25 A B
18.25 A B
18.00 A B
17.75 A B
17.50 A B
17.50 A B
16.25
B

Average of A replicates

TllUl mm* f«»UU «»»>«••

:.'..

Tlllara <• VKT)

Flg.1. Chang* In soil solution Mg and
Hilar, panlcla raaponaa

Combined results suggest that higher yields could be obtained if split level
application is employed even at 30 kg/ha Mg, if basal N and K are increased
beyond the current government reccrtmendations, for the plants : soil ration
(used in this experiment.
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Differential Response of Wheat Cultivars and Iriticales to
Manganese Deficiency Stress Field
Baldev Singh and R.L.Bansal*. Micronutrients
Punjab Agricultural University, Ludhiana, India

Laboratory,

Department

of Soils,

Introduction. Manganese deficiency infieldcrops has been reported in many areas of the world and its
field scale deficiency in India was first observed in 1981 in wheat grown in rotation with rice in coarse
textured alkaline soils of Punjab (1). Manganese deficiency is difficult to manage because the efficiency
of soil applied Mn is very low. The other alternative would be to select cultivars tolerant to adverse soil
conditions of Mn stress. In this work, the association of tolerance of Mn deficiency with some yieid
parameters have been studied.
Material and Methods. Twelve cultivars of wheat and two of triticale were grown in a Mn deficient
field. The area lies at latitude 30° 50'N and longitude 75° 32'E and is 247 m above mean sea level. The
soil belongs to great group Ustochrepts and tested as follows: Texture loamy sand, DTPA_Mn 2.2 mg
kg' soil, pH 8.3, E.C. 2.20 dSm1 organic carbon 0.5% and CaCO+3 1.0%. A basal dose of 120,26 and
25 kg ha"1 N, P and K, respectively was applied through urea, diammonium phosphate and muriate of
potash. The treatments were control and three foliar application of 1.0% Mn S0 4 H 2 0 unneutralized
solution. The sprays were applied at 4,5 and 6 weeks after seeding. The development of Mn deficiency
symptoms was recorded at 45 days after seeding and the flag leaves were sampled at head emergence.
Fifteen plants of each cultivars were removed randomly from the control treatment at 30,45,60 and 75
days of plant growth. The number of tillers and plant height of each cultivar was recorded just before
harvesting.
Results and Discussion. The growth of different wheat cultivars varied markedly and the deficiency
symptoms ranged from mild to very severe. Manganese stress reduced the plant height, number of tillers
per plant and the average grain weight of all the cultivars. The Mn concentration in all the cultivars
increased upto 45 days of plant growth and it declined thereafter. Manganese tolerant cultivars
accumulated 1.6and 1.4 times more Mn than the least tolerant cultivars at 30 and 45 daysof plant growth.
The magnitude of response to foliar of MnS04.H20 solution varied from 28.9 to 2.3%, depending upon
the susceptibility of the cultivar to Mn stress condition (Table 1). The differential response of wheat
cultivars appears to have stemmed from their inherent capacity to mine and or utilize the limited supply
of Mn from the soil. This is corroborated by the significant variations in the flag leaf Mn concentration
of different wheat cultivars and its positive and significant coefficient of correlation (r = 0.83**) with
grain yield.
Significant relationship of grain yield under Mn stress, with Mn uptake (r = 0.77**) and Mn
translocation index (r = 0.83**) indicate that tolerant cultivars have also the ability to efficiently
distribute Mn in the plant under Mn stress condition. Of the 14 cultivars, HD 2329 and KS ML 3 exhibited
marked tolerance to Mn deficiency in the soil and did not suffer much yield loss. Among others, a durum
cultivar PBW 34 suffered the maximum yield reduction and thus proved to be highly sensitive.
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Table 1.

Grain yield and Mn uptake by wheat as influenced by wheat cultivars and Mn application.

Cultivar

Grain Yield
(tha1)
-Mn + Mn

Mn uptake
(gha1)
-Mn + Mn

Harvest
index
(%)

Mn Translocation
index (%)

PBW34*

2.56

3.30

62

PBW 120

2.66

3.36

HD 2285

2.96

WL1562

142

31.6

27.6

LT

75

144

33.2

24.8

LT

3.63

65

185

37.0

40.7

LT

2.60

3.10

90

148

32.3

32.2

ML

WL711

3.36

3.90

97

174

37.9

34.9

ML

TL419**

3.00

3.43

102

176

29.8

48.0

ML

TL 1219**

3.36

3.80

152

196

31.5

35.4

ML

Sonalika

3.06

3.46

76

149

35.5

33.6

ML

PBW 138

2.80

3.13

58

104

31.9

31.9

ML

PBW 226

2.93

3.26

78

190

37.4

35.7

ML

PBW 155

3.20

3.56

76

144

37.5

?.9.4

ML

HD2009

2.46

2.73

71

145

30.8

34.1

ML

KSML3

3.03

3.26

103

165

29.4

38.7

T

HD 2329

4.33

4.43

155

2.10

37.7

38.7

T

-Mn = without Mn treatment, _+Mn = Foliar sprays of Mn
* - Triticum durum, **- Triticale, Others - Triticum aestivum
T- Tolerant, ML - Moderately tolerant, LT - Least tolerant
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North Crarolina Rock Phosphate: A Profitable Substitute
for TSP in Acid Soils of Bangladesh
M.S. Islam* and U.K. Sana**. Division of Soil Science,
Agricultural Research Institute, Gazipur-1701, Bangladesh

Bangladesh

Introduction. In Bangladesh, the local production of phoshpatic fertilizer can fulfil hardly a
portion of the demand in the countri's agriculture. Moreover, local production is based on
imported rock phosphate as raw material. Thus, the conuntry has to spend a substancial amount of
foreing exchange every year for phosphatic fertilizers. Triple superphosphate (TSP) is almost the
sole phosphate fertilizer used in the country. Attempts have been taken to study the suitability
of rock phosphates of different origin for direct use in the crop fields. Most of studies with
Indian rock phosphates summarized that these materials could be effective for phosphorus nutrition
of the crops if applied in combination with superphosphates or after partial acidulation (1,2,4).
In case of highly reactiv cheaper North Carolina rock phosphate (NCRP), it was reported that the
hydrogen ion activity in acid soils is sufficient to provide adequate acidulation and conversion
of rock phosphate to a crop available form of phosphorus (3). Effectiveness of this material was
found to be comparable to tradicitonal superphosphates in many fiel trials carried out on cereals,
legumes and root crops in several countries. However, its effectiveness as a fertilizer for direct
use in the crop field was reported to be satisfactory within the pH range of 4.0-6.3. Thus it was
assumed that NCRP might have good potential for direct use in the crops fields of the acidic
soils of Banglasdesh. Hence, field trials were undertaken to evaluate the comparatative
effectiveness of NCRP and TSP in some representative acidic soils of Bangladesh.
Material: and Methods. Performance of NCRP containing 30.5% P^Oc as a source of phosphorus was
evaluated in comparison to the widely used TSP fertilizer at five representative sites viz.
Joydebpur, Bogra, Thakugroan, Hathazari and Sreepur having soils moderately acidic in reaction.
The evaluation was carried out on the cropping patterns widely adopted by the farmers of the
experimental sites. These cropping patterns were Boro rice- Fallow-Transplante aman (T. aman) rice
at Joydebpur, T. aman rice-Wheath-Fallow at Bogra, T.Aman rice-Wheat-Mungbean at Thakurgoan,
T.aman rice-Copwea-T.aus rice at Hathazari and Cotton-Blackgram at Sreepur. In all the sites, four
levels of phosphorus from NCRP (30, 60, 90 and 120 kg P2C<5/ha) wew teste in comparison to a Pcontrol treatment and the standard dose of phosphate fertilization (60 kg P20j/ha from TSP) in
randomized complete block design on a pernamente layour. Generally, the crop commencing a cropping
pattern received fresh application of phosphates and succeeding one or two crops were grown on
redisual phosphorus. Every crop of the patterns received adequate fertilization for N, K, S and
Zn. The cropping sequences were repeated for 2-3 times atall the sites except at Sreepur chere the
sutdy had to be terminate just after first cycle. Comparative efficiency of NCRP and TSP was
judged through the direct and residual effects of the two sources on crop yields recorded at
different sites and their prices as well.
Results and Discussion. Appreciable crop responses to freshly applied P were observed irrespective
of sources in all the experimental sites. Applied P from both sources also had remarkable residual
effects on crop yields. The performance of freshly applied of phosphorus from NCRP and TSP on the
yields of inmediate crops were comparable to each other in all the experimental sites. The NCRP
appeared superior to TSP in most cases and comparble in few so far their residual effects on the
yields of succeeding one or two crops were concerned. The relative agronomic effectiveness (RAE)
of freshly applied and residual P of the two sources were computed from the yield data and it was
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indicate that mean agronomic effectiveness of 60 kg P20j/ha from NCPR was around 90 when the same
60 kg P 2 0 5 / h a from TSP was 100. However, the application of 90 P 2 O s /ha from NCPR always had higher
R AE then the standard dose 60 kg P 2 0 5 / h a from TSP. Thus, RAE of NCRP might be considered at least
comparable to that of TSP.
Moreover, it was reported that on an equivalent P basis, the price of NCRP ready to be used as a
fertilizer is less than half of SSP or TSP (3). Thus, it was concluded that cheaper NCRP may be an
economically profitable substitute for costly TSP in acid soils of Bangladesh.
Literature Cited.
(1) Basak, R. K. Karmaker, M and Debnath, N. C. 1988. J. Indian Soc. Soil Sci. 36, 729.
(2) Dash, R. N., Mohanty, S. K. and Patnaik, S. 1990. J. Indian Soc. Soil Sci. 38, 631.
(3) Knutson, C. Ronald, 1988. Use of reactive rock phosphate as fertilizer for acid soils. Paper
presented at the International Congress of Fertilizers, ADIFAL , A. C. in La Paz, Baja California
Sur, Mexico, September 22-25, 1988.
(4) Misra, U. K. and Panda, N. 1969. Indian J. Agric. Sci. 39, 253.
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INITIAL AND RESIDUAL EFFECT OF PHOSPHATE ROCK
ON Brachiaria decumbens ON ACID SOILS.1
L. Pastrana. Soil Fertility Specialist. Instituto Nacional de Investigaciones
Forestalesy Agropecuarias£6400 Huimanguillo.Tabasco, México.
Introduction. The acid soils (pH 4.0-5.5) of the Huimanguillo savanna in Tabasco, México
are poor in available phosphorus. This affects the establishment, production and persistence of selected grass pastures (1,2). The strategy to resolve this problem coinsist in the
use phosphate rock, which is an atractive source of phosphate for grass production, due
to its economic, agronomic value and prolonged residual effect. The objetives of this study
where measure the initial and residual effect of phosphate rock on grass forage production,
determine the level of phosphorus for maximum production and the best application
method.
Materials and Methods. The experiment was planted in octuber of 1987 in hillside soil of
Colonia Encomendero. Harvest were done approximately every 60 days starting on december 28 th of 1987 and ending november 30 th of 1992. The climate is Am(f) with 2300 mm
and 26.5°C annual average. The treatmenst were: 1) phosphate rock Baja California (PR)
with 30.2% of total P205 and triple superphosphate (TSP) as reference, 2) phosphorus levels
of: 35, 70, 140 and 280 kg of P205/ha, and 3) application methods [Band (B), broadcast
incorporated (Bl) and broadcast without incorporation (BWI). The treatment design was a
complete factorial (2x4x3) with randomized block desing with four replicates. Two additional
treatments included; the first a check without phosphones and the second with annual
applications of 70 kg of P ^ h a as triple superphosphate (TSP annual) in order to infer on
the PR and TSP residual effect. The useful experimental area was 9 nr. After each harvest
25 kg of N/ha were applied, making a total of five applications/year. Dry matter was the
response variable.
Results and Discussion. Figures 1a to 1 e show the effect of phosphate source and levels
in each successive year (1 to 5) on dry matter yield averaged over application methods.
There were significant effects (P<0.01) due to phosphate source in the first year, with TSP
being more efficient than PR; however, in succeeding years PR increased its agronomic
efficiency and compared nonsignificantly different to the hidrosoluble phosphorus source
(TPS); the five year acumulated production (25 harvest) show a significant difference
between phosphate sources (Fig. 1f), the efficiency of TSP was greater than that of PR. The
response to phosphate levels where clear and significative (1,2), the maximum cumulative
forage production was obtained with 183 and 227 kg of PjCyha with PR and STP respectively; the check without phosphorus had the lowest yields. The application methods
significaly affected yield in the first year Bl and BWI were best, but in later years this effect
was not observed. The annual application of 70 kg of P205/ha was best than PR residual
and ST residual from third year onward.
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FIGURE 1. Brachiaria decumbens response to different levels of phosphate rock and triple
superphosphate during 5 consecutive years (a,b,c,d and e) and the accumulated five year
total (f) in hillside soils of Huimanguillo, Tabasco (average of three applications methods).
Literature Cited.
1. Lopez, N.J.I. 1984. Respuesta de Brachiaria decumbens y Andropogon gayanus a NP
en suelos acidos. Informe de investigation. Campo Experimental. Huimanguillo, Tabasco, pp. 48-74.
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Efficiency of NPK Fertilizer with Partial Sustitution of Available
P for Riecito Phosphate Rock
R. Ramirez, and G. Villegas.

CENIAP

and UCV, Maracay,

Venezuela.

(Research support provided by INTEVEP).

Phosphate rock (PR) has a very low solubility in the soil, but it is
a very cheap source of P for the plant. It has been proved the
feasibility to use PR as a partial supplier of P in a granular NPK
(1). The objective of this study was to evaluate the effectiveness
of 12-24-12 fertilizer with a partial sustitution of phosphoric acid
P with Riecito PR (24PR).
Materials and Methods
Two soil samples (0-20 cm) were obtained, a sandy clay loam, Oxic
Tropustults, in Taguanes, Cojedes State, which had 8 mg/kg of P,
1.44% organic matter and pH of 5.2 The other soil was a silty clay
loam, Tipyc Ustropets, in Chivacoa, Yaracuy State, with 13 mg/kg of
P, 7.08% organic matter and pH 8.0. One experiment was established
with Chivacoa soil (CH), and two experiments with Taguanes soil, one
without liming (Tl) and the other one liming with 1 g of limestone
per Kg. of soil (T2), and incubated moist for 3 weeks, after that
time pH raised to 6.3. Fertilizers used in the trials were commercial
12-24-12 (24), 24PR where 15% P was supplied with coarse Riecito PR
(15C), 15% with fine Riecito PR (15F), and 20% with fine Riecito PR
(20F). Small granules of fertilizers were applied at rates of 0, 11,
22 and 44 mg P/kg soil. The P rates were based on total P content of
fertilizers. Three kg of air dry soil were weighed into
4 liter
plastic pots, the fertilizer granules were about 5 cm below the soil
surface, the soil was moistened and 13 sudan grass seeds were planted
in each pot, about 6 mm below the soil surface. Ten days after
planting plants were thinned to 9 plants per pot. Two harvests were
made in Tl and T2 and 4 harvests in CH, each one every 50 days. The
plant material was dried at 70ec for 48 hs, weighed and ground to
pass a 1 mm screen. Subsamples of plant materials were diggested with
sulfuric acid and hydrogen peroxide and analysed for total P. The
relative agronomic efficiency (RAE), was calculated by dividing yield
response when the rock-based NPK is used by the yield response when
a conventional NPK is used and multiplying by 100 (yield responses
were calculated after subtracting the yield of the OP control pots).
Results and Discussion
Dry matter yields of the two harvests in Tl and T2 as well as the
four harvests in CH were added, to work with the total dry matter
yield of each experiment. Average plant yield without P application
was 0.08 g/pl in Tl, 0.05 g/pl in T2 and 4.37 g/pl in CH. Dry matter
response to P added was statistically significant. The RAE in Tl was
very low when the rate of P applied to the soil was 44 mg/kg
(Table 1) but at the rate of 11 mg/kg RAE reached 83 to 111 %. When
Taguanes soil was limed the RAE values were higher, 103 to 162,
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except for the 11 mg P/kg that RAE reached only 74%. The better
response to P added in the limed soil was probably due to an increase
in the Ca and Mg availability in the soil. RAE values in CH
experiment were as high as in T2. This behavior means that the rockbased NPK was able to provide enough available P to the plants, even
at the lower rates of fertilizer application.
Total P uptake for no added P to the soil was very low in Tl and T2,
0.13 and 0.02 mg/pl respectively, where as in CH P uptake reached
7.31 mg/pl. The difference in P uptake between T and CH soils can
be due to the higher P availability in the CH soil, 13 mg/kg, while
in T soil available P was only 5 mg/kg. P uptake from the rock-based
NPK in Tl and T2 at rates of 11 and 22 mg P/kg soil added were as
high as in 24C, but at 44 mg/kg soil P uptake in 24C was higher than
in any other source of P. In CH soil, at the lowest P rate added to
the soil, the higher uptake corresponded to 20F. At rates of 22 and
44 mgP/kg soil, no differences were found between P sources. These
results suggest that a partial sustitution of high available P in the
12-24-12 fertilizer for Riecito PR up to 20%, will not affect the
fertilizer efficiency as a supplier of available P for the plant.
Residual available P in the Tl and T2 soils, where 24PR was added,
were as high as in the 24C. In the CH soil residual P was higher when
the rate of P added to the soil reached the maximun of 44 mg/kg soil.
Small diferences were found at the lower rates of P aplications.
Dry matter yields, in all three experiments, as well as P uptake and
residual available P in the soils, clearly demonstrates that there
are not differences as a source of available P for the plant, between
the conventional 12-24-12 fertilizer and the 12-24-12 with part of
the P, 15 to 20%, derived from Riecito phosphate rock.
Table 1. Relative Agronomic Efficiency for Sudan Grass dry matter
S o i l s
Fertilizers
24
15 C
15 F
20 F

Taquanes unlimed
11
22
44
100
83
111
99

100
92
103
97

100
57
72
74

Taqu anes Limed
11
22
44

11

100
124
74
103

100
120
151
141

100
119
162
142

100
110
165
139

Chivacoa
22
44
100
137
124
125

100
106
103
76

(1) Castillo, J.R.; R., Ramirez; E., Soto and E., Bohórquez.
Proceedings International Workshop on Phosphate Fertilizers and
the Environment, pp 311-318. Orlando Florida, USA 1991.
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Use of Rockphosphate in Neutral to Alkaline Soils and its
Effect on Yield and Quality of Rice in a Cropping System
S. Chellamuthu* and G. V. Kothandaraman. Associate Professor, Professsor,
Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agricultural
University, Coimbatore-641 003, Tamil Nadu, India.
Introduction. In India, it is estimated that the agricultural crops
annually remove about 2.5 million tonnes of P which is about twice as much
as added through fertilizers. Intensive cropping systems can remove upto
150 kg PpOc ha annually. Single crop removes about 20 per cent of the
applied V and the rest is retained in the soil. So, it is imperative to
study the direct, cumulative and residual effect of P applied in the forms
of rockphosphate and single superphosphate at different levels based on
soil test (1).
Materials and Methods. A field experiment was carried out in TNAU Farm,
Coimbatore during 1985-86 adopting a three crop sequence of rice-ricegreengram in a Typic Haplustalf soil. The experiment involved of 28
treatments (main four treatments viz., application of P to first rice crop
alone, application of P to second rice crop alone, application of P to both
the crops and no P application for both the rice crops and seven sub-plot
treatments (viz., application of SSP based on soil test level, application
of MRP at soil test level, 1 : 2 ratio of SSP and MRP application, green,
manure alone application, application of SSP on a_green manuring @ 10 t ha"
application of MRP on a green manuring @ 10 t ha and L : 2 ratio of SSP
and MRP application over the green manuring @ 10 t ha ) on a split plot
design with four replications. The greengram was not fertilized so that the
residual effect of P was studied in greengram experiment.
Results and Discussion. Application of SSP with MRP in the ratio of 1 : 2
on a green manure base resulted in the highest number of productive tillers
in both the crops of rice and the highest number of pods per plant in
greengram as residual effect. The highest grain and straw yields of both
the crops of rice were observed by the application of SSP with MRP in the
ratio of 1 : 2 on a green manure base. Application of MRP alone proved to
be advantageous by recording the highest grain and haulms yield of residual
greengram (2).
The highest N, P and K content of rice crops were observed by the
application of SSP with MRP in the ratio of 1 : 2 on a green manure base
and Ca and Mg content of second rice crop.
The contents of saloid-P, Fe-P, Al-P, Ca-P and Rs-P in soil after the
harvest of each crop were observed to be the highest due to the application
of SSP with MRP in the ratio of 1 : 2 on a green manure base. Application of
P to both crop seasons of rice paved way for the build up of all the
P-fractions of soil.
The P use efficiency study indicated the highest P recovery was observed
for the application of MRP or SSP with MRP in the ratio of 1 : 2 on a green
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manure base. Further, it also indicated that the application of P to the
first crop alone was sufficient to meet out the P requirement for three
crops in the sequence (Table 1).
Literature Cited.
l.Gill, H. S. and 0. P. Meelu. 1983. PI. Soil 74 : 211-222.
2.Goswami, N. N. and M. B. Kamath. 1984. Fertil. News. 29(2) : 22-27.
Table 1. Apparent

Sources

recovery of P {%)

P appli ed to
first crop
(Mj

SSP
MRP
SSP + MRP
(1 : 2)

P appVied to
second crop

)

P applied to both crops
(M 3 )

(M.>>

Without

Hi th

Without

Wi th

GM

GM

GM

18.24
15.77
17.01

15.52
18.79
19.65

19.17
20.22
18.67

SSP - Single superphosphate
GM - Green manure

GM

Without
GM

With
GM

15.41
21.39
19.25

20.44
16.32
14.81

16.62
21.37
19.37

MRP - Mussoorie rock phosphate

y
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Agronomic Effectiveness of Tunisia (Gafsa) Rock
Phosphate for Direct application
S.K. Saha and P.K. A wast hi. Pyrites, Phosphate & Chemicals Ltd., (A Govt,
of India Undertaking), 507, Hemkunt Tower, 98, Nehru Place, New Delhi-110
019, (India).

Introduction - Out of major plant nutrients, the deficiency of
phosphorus is wide-spread in Indian soils.
Even with the
recognised need for P in crop production, the consumption level
over years have not been satisfactory.
The situtation has
further aggrevated with the recent decontrol of the phosphatic
fertilizers, when the price of all phosphatic fertilizer has
become almost double. Therefore,to increase the consumption of
phosphatic fertilizer and thereby the agricultural production,
some
economically
and agronomically effective
source
of
phosphatic fertilizer such as rock phosphate would be preferred.
Materials and Method - The comparative agronomic and economic
efficiency
of
Tunisia(Gafsa) Rock
Phosphate
for
direct
application for growing paddy were investigated in laboratory
experiments, pot culture and field trials. The soil used in the
experiment were laterite loam, red loam and black clay soil
having low P205 status. Rock Phosphate was compared with super
phosphates and no phosphate 'control'.
Results and Discussion - The agronomic efficiency of ground rock
phosphate for direct application depends upon various factors
such as type of rock phosphate, its origin, solubility through
different
solvents,
geo-chemical
and
mineralogical
characteristics, particle size, soil characteristics, crops and
crop rotations, agro-climatic condition, rate, method and time of
application etc. Based on different type of studies, it has been
observed that Tunisia(Gafsa) Rock Phosphate from North Africa is
comparable or sometimes better than water soluble sources of
phosphatic fertilizer like TSP.
Literature Cited
1.
Chien, S.H. and Hammond, L.L., 1978.
A comparision of
various laboratory method for preicting the agronomic potential
of phosphate rocks for direct applications. Soil Sci. Soc. Am.
Vol. 42, 935-939.
2.
Dash, R.N. Mohanty, S.K. and Patnaik, S 1991 Evaluation of P
supply power of phosphate rocks from their chemical composition.
J. Indian. Soc. Soil Sci. Vol. 39: 316-323.
3.
Shinde, B.N., Saranganath, P.A. and Patnaik, S. 1978.
Phosphorus transformations from rock phosphates in acid soils and
measures for increasing their efficiency for growing rice. Plant
and soil Vol. 49, 449-459.
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Method of Leaching Effect on the Dissolution of Gafsa
Phosphate Rock in Acid Soils
•

M. M. Hanafi* and J. K. Syers**. Department of Soil Science, Facultad of
Agriculture, 43400 UPM, Serdang, Selangor, Malaysia. IBSRAM, P.O. Box 9109, Bangkhen, Bangkok 10900, Thailand.

Introduction
A highly reactive carbonate-substituted apatite (francolite), Gafsa phosphate rock (GPR),
dissolves congruently, releasing calcium (Ca^4") and phosphorus (H2PO"4) according to the
following reaction'
Caio(P0 4 ) 6 _ x (C0 3 ) x F0.4X+2 + 12H+ = 10Ca2+ + (6-x)H2PO-4 + xC0 2 +(2+0.4x)F" + xH 2 0
The solubility product principle suggests that the removal of Ca2"1" and H2PO"4 from the site
of reaction may also provide an effective driving force for the dissolution. This has been studied on
several acid Malaysian soils using an open-leaching system (Hanafi et al., 1992). In this system,
continuous removal of the products of dissolution provides sinks for Ca 2 + and H2PO"4, and thereby
promotes dissolution of a PR material. No published work, however, appears to have examined the
effect of method of leaching on the dissolution of GPR (or any PR materials) in soils. Therefore, our
objective of this study was to compare the method of leaching (continuous versus an intermittent) on
the extent of GPR dissolution in an open-leaching system.
Materials and Methods
The P source used was Gafsa PR from Tunisia. The total Ca and P contents of the rock
(determined following digestion in HNO3/HCI) were 36.6 and 12.9 %w/w, respectively. The
amounts of P extracted by water and 2% formic acid were <0.01 and 8.1 %w/w, respectively.
Two surface soil samples (0-150-mm depth) representing two major Malaysian soil types,
Segamat (Haplic Acrorthox) and Bungor (Typic Paleudult) were collected from various locations in
Peninsular Malaysia. The following properties were measured: pH in water (Segamat, 4.9, Bungor,
4.9); pH-buffering capacity (Segamat, 17.2; Bungor, 16.8 mmol OH kg"l pH~l); organic C
(Segamat, 21.0; Bungor, 13.2 g kg~l); Ca exchange capacity (Segamat, 36; Bungor, 26 mmol (+)
kg"* soil); exchangeable Ca (Segamat, 11; Bungor, 5 mmol (+) kg"l soil); P-retention capacity
(Segamat, 34; Bungor, 16, %); clay content (Segamat, 870; Bungor, 270, g kg"' soil); and texture
(Segamat, clay; Bungor, sandy clay loam).
A leaching column was constructed by joining together, with waterproof tape, six brass rings,
each 50 mm long and 37.5 mm internal diameter. A detailed description of the column construction,
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and experimental procedures are given by Hanafi et al. (1992). The top 50 mm of soil in the packed
columns was removed and mixed thoroughly with GPR (0 and 500 mgP kg"' soil) in a plastic bag
and then replaced in the column before leaching. There were two replicates. The soil columns were
leached with distilled water (pH 6.5) for 49 d using a peristaltic pump at the rate of 8.8 and 22.8 mm
h"' for continuous and intermittent leaching methods, respectively. Leaching was continued until 75
pore volumes of effluent were collected. At the end of experiment, the soils in each section of the
column were removed and the dissolution of GPR was measured by the AP method (Mackay et al.,
1986).
Results and Discussion
The AP values indicated dissolution of GPR up to 43% for continuous- and 37% for
intermittent-leaching method in the top 50 mm of soil column. There was a considerable movement
of P in the soil column below 50 mm depth. The movement of P with soil depth was substantially
higher with the continuous- than with the intermittent-leaching method for both Segamat and Bungor
soils. The movement of P with both continuous and intermittent leaching was not limited by depth in
the Segamat and Bungor soil columns, except for intermittent leaching with Segamat soil, where
movement was limited to the 150 mm depth.
The highest dissolution for both continuous and intermittent leaching was observed with
Bungor soil. The values were 91.4 and 64.3% for continuous and intermittent leaching, respectively.
The difference in the values with continuous and intermittent leaching could possibly be explained by
assuming that the downward movement of the dissolution products, Ca^+ and H2PO4", is related to
the adsorption-desorption of P (or Ca^"1") by successive soil layers. Logan and McLean (1973)
observed that the downward movement of ^2p in a soil column will continue as long as the Pretention capacity of the soil is exceeded. Removal of the dissolution products was probably more
efficient with continuous leaching because the macropores would be filled with water, creating better
conditions for solute transport. This will remove Ca^"1" and H2PO4" in a continuous leaching system,
thus promoting more GPR dissolution. In contrast, with intermittent leaching there was a period of
time when the soil column was subjected to saturated and then non-saturated conditions. During the
saturated condition, Ca^+ and H2PO4" would continuously be removed by the leaching process,
whereas under non-saturated conditions, the soil was not draining and the macropores may be in a
state of near-equilibrium. During this stage, there is a much greater possibility for Ca^ + and H2PO4"
to be adsorbed.
References
Hanafi, M. M., J.K. Syers, and N.S. Bolan. 1992. Leaching effect on the dissolution of two
phosphate rocks in acid soils. Soil Sci. Soc. Am. J. 56:1325-1330.
Logan, T.J. and E.O. McLean. 1973. Nature of phosphorus retention and adsorption with depth in
soil columns. Soil Sci. Soc. Am. Proc. 37:351-355.
Mackay, A. D, J. K. Syers, R. W. Tillman, and P. E. H. Gregg. 1986. A simple model to describe the
dissolution of phosphate rock materials in soils. Soil Sci. Soc. Am. J. 50:291-296.
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Humic Substances and fertility og Gypsiferous,
Calcareous and saline soils in the Nort - East of Spain.
Badia, D. 1 , and Alcaniz, J. M. 2 J Mailing adress: Dpto de Agricultura, Escuela Universitaria
Politécnica, Crtra. Zaragoza km. 67, Huesca 22071, Spain J Area d'Edafologia i Quimica
Agricola. Unitat d'Ecologia. Universitat Autónoma de Barcelona 08193, Spam.
Introduction. Semiarid soils by the correlation given with climate, have a low organic matter
content, which range from 0.3 % or less to 1-3% (Klemmedson, 1989; Smith et ai, 1993).
Although it is only a smallfractionof the soil, organic matter improve soil aggregation that, in turn,
control air and water relations for root growth and provide resistance to wind and water erosion.
Decline in soil organic matter content or deterioration of their quality are paralleled to decreases in
soil productivity (Parr et al., 1989). Like kind of plant remains, chemical composition of the soil
and hidric availability can effect humus composition (Duchafour, 1976). The main objective of this
research is to know how the different chemical and physical soil properties can enhace soil organic
matter quantity and quality. The classical extraction-fractionation procedure is used (Kononova,
1982).
Materials and Methods.
-Plots localization: Sampled soils are placed in the NE of Spain, in the Central Depression of the
Middle Ebro river (Huesca Zaragoza and Lleida provinces), between then sequent geographical
coordinate: 4°17' to 3°22' lat N and 41°50' to 41<>50' long E. Twenty four soils with different
edaphic chemical composition were used: gypsiferous, calcareous and/or saline soils.
-Soil fertility: Soil properties related with fertility (pEL, gypsum, calcium'carbonate, electrical
conductivity, organic matter, total nitrogen, soluble ions) were determined by standard procedures
(MA.P.A.,1975) with the modifications corresponding to gysiferous or saline soils (Porta, 1986).
More detailed information on physico-chemical characteristics has been previously reported (Badia,
1989).
-Extraction fractionation and characterization of humic substances: Due to relatively high
percentage of extractions (Stevenson, 1982), the SOM study has been done by means of humus
alkaline extraction with NaOH 0, lN-Na 4 P20 7 0,1 M (1:1) in nitrogen atmosphere. Later, they have
been divided into humic (HA) and fulvic acids (FA) (Kononova, 1982). Organic C content of humic
and fulvic fractions was estimated using Walkley-Black method. Characterization of everyrraction
were, carried out by visible spectrophotametres, with regard to 465 and 66S nm (E4, E6 r E4/E6 ratio)

absorbances (Kumada, 1987).
- Data analisys. Data were submitted to amultivariant analysis and to a correlation test to identify
influences of some chemical properties of the soil onhumic substances quantity and quality.
Results and Discussion. Because of the high amount of calcium , a previous acid treatment of the
soil was necessary in order to destroy carbonates and make free a part of the soil base excess. This
first solubled organic fraction (FAl) correspond to a mixture of elemental proteins, lignine
fragments and hydrosolubie organic components like oligosaccharide; their E4/E6 ratio was higher
then 5. The FA2 fraction, with a E4/E6 ratio higher than 10, contains fulvic acids unpurified with
remains of carbohydrates, proteins and lignine bits weakly joined to the mineral fraction (Badia,
1991). The HAfraction,with a E4/E6 ratio lower than S, are the more condensed structure. The HA
fraction are a larged organic matterfractionthan FAl and FA2fractionsin calcareous soils affected
or not by sans but not by gypsiferous soils. Moreover, the FA1/FA2 ratio is lower than 1 for
calcareous soils differing from gypsiferous soils. The higher availability of calcium in these last
sous can be the reason for this. Significative correlations were obtained between the optical
characteristics (E4) of the humicfractionsextracted and different chemical parameter* of the soils,
specially gypsium content (Table 1).
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Table 1 ._ Semimatnx of the correlations coefficients between humic substances of the soil organic

matter (measured as absorbance to 465 rnn) and some chemical properties of the soil analyzed.
Parameter

FAt

HA

FAt
HA
FA1/FA2
FAt/HA
Extraction
OrgC
Carbonates
Gypsum
E.C.e

1

0.878*

FA1/FA2 FAt/HA
-0.475
0.610*
1

-0.325
0.522
0.796*
1

Extraction Or*C
0.245
0.442
-0.513
0.658
1

0.935*
0.913*
-0.485
-0.505
0.658*
1

Carbonates Gypsum

E.C.e

0.361
-0.561*
0.748*
0.916*
0.700*
-0.417
-0.845*
1

-0.444
-0.495
0.108
0.122
-0.017
-0.395
-0.139
0.182
1

0.469
-606*
0.620*
0.756*
0.504
0.442
1

*p = 0.01 n = 24.

In general a low percentage of humus was extracted, specially tor gypsifsrous soils. This is a
trend representative of soils with high calcium content where humine, the insolubilized humic
fractions, become, dominat (Almendros et al, 1980; Moyano et al., 1989) The most abundant
humines will corresponds to the less transformed substances inherited from lignins and not to
evolved humines in the Duchafbur sense (Duchafour,l 976).
in the summary, the scarcity of furvic acids and the existence of proportionally high amounts of
humic acids and of non extarctable carbon (humin) Verify the rapid organic matter turnover in
calcareous soils. Different quality of soil organic matter between calcareous and gypsiferous soils is
evident, by the differences in FA1/FA2 and FA/HA ratios.
Aknoeldgements. This work was supported by a grant of Spanish Ministry of Education and
Science. We wish to thank the Vicerrectorado de Investigation de la Universidad de Zaragoza, and
Caja de Madrid and Ramon Areces Foundations for its help in the final presentation of this paper.
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Effect of Application of Organic and Inorganic Fertilizers
on Yield of maize and Water Use Efficiency in Arid Region
Wany Jiuzhi, Zhou Huaiping and Yang Zhiping. Soil and Fertilizer Institute.
Shanxi Academy of Agricultural Sciences, Taiyuan, 030031 Shanxi province,
P.R. China.
introduction, in arid regions water availability is the main factor
Uniting crop yield.There are many ways which can increase water use
efficiency. Fertilization is one of the most avalaible measurses. In
order to increase water use efficiency and crop yield the experiment
of organic and inorganic fertilizer was carried out.
Materials and MethOOS
The experimental site was located in Shouyang county.Shanxi province,inl992.Shouyang County is an arid region
in northern China.It is one of the eight dryland farming experimental
areas in China.In this area average annual precipitation is about 530
mm,most of which is concentrated in July,August and September.Drought
frequently takes place in spring or mid-summer. Average annual temperature is 7.4TJ. Elevation of this place is about 1000 metres. Evaporation is 3.2 times of the precipitation.The soil for trial is cinnamon soil.The fertilizer used in the experiment is urea,Superphosphate
and organic manure.The nitrogen(N) content in urea is 46X. PJD, content
in superphosphate is M X . The organic matter,total nitrogen and phosphorus in organic manure are respectively 18.09X, 0.783X and 0.273X.
The crop for trail is maize.Orthogonal design with three factors and
four levels was used.In addition,there are one no fertilizer and one
high rate organic manure,18 plots all together. Each plot is 67 M'.

R e s u l t s and D i s c u s s i o n
1.Effect of fertilization on maize growth and yield
The materials from field and laboratory investagation show that organic fertilizer benefits seedling growth. But if only organic fertilizer was applied, premature decay can appear in the later stage. Thus
the seed number per ear would decrease. The rational application of
organic-inorganic fertilizer not only meets the fertilizer requestment
of seedling nutritional growth but also prevent from premature decay.
So the seed number per ear and seed weight per hundred are better than
that when applicating of one kind fertilizer only. After statistical
analysis for the seed number per ear and seed weight per hundred, the
formulae are as follows:
Y,=6809.1+141.6X.+31.16X*.
Y,=308.55+5.34X.+7.67X,
In the formulae, Y, is maize seed number per ear. unit:seed/ear
Y, is the maize seed weight per hundred, unit: g/100seed
X, is the rate of nitrogen, unit:Kg/ha
X, is the rate of phosphorus(P/3,) . unit: Kg/ha
X, is the rate of organic manure. unit:T/ha
From the formulae mentioned above we can see that fertilization of
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nitrogen and organic manure can effect the maize seed number per ear
and maize seed weight per hundred remarkblely.But application of phosphorus can effect the maize seed number per ear and seed weight per
hundred in certain degree. The fertilizer effect formala is following
Y=3979.05+155.25X.+93.6X.+300.15X.
In the formala, Y is maize yield. unit:Kg/ha
X, and X, are the rate of nitrogen and phosphrous. unit:Kg/ha
X, is the rate of organic manure. unit:T/ha
From the formula we can see that if the 15Kg nitrogen, phosphorus and
15T organic manure were applied per hectare, the yield of maize can
be increased by 155.18Kg, 97.54Kg and 300.2Kg per hectare. The effect
of nitrogen is more than phosphorus. The highest yield is 14 plot
(N 240Kg, PJO, 75Kg and organic manure 45T per hectare).Compared with
check the yield is 3.2 times of the check. Compared with traditional
fertilization, the yield is increased by 1500Kg/ha.
2.Effect of fertilization on water use efficiency
Water use efficiency of check(fertilizer was not used)is 7.55Kg/mm.ha.
But water use efficiency of fertilization is 13.32-21.81Kg/mm.ha and
increased by 76.4-188.9%. Water use efficiency of organic manure is
19.05Kg/mm.ha. Average water use efficiency of inorganic fertilizer
is 15.OOKg/mm.ha.Average water use efficiency of mixed application of
organic and inorganic fertilizer is 17.66Kg/mm.ha.The highest water
use efficiency is 21.81Kg/mm.ha.Compared with application of organic
and inorganic fertilizer, it is increased by 2.76 and 6.81Kg/nm.ha.
The rational application of organic and inorganic fertilizer benefits
maize growth and development. Yield of maize can reach 8627.1 Kg/ha.
which is 3.2 times of the check and 1500 Kg/ha more than traditional
fertilization method. Water use efficiency can reach 21.81 Kg/mm.ha
and it is 14.26 Kg/mm.ha more than the check.

Literature cited
(O Jin Weixu et al. 1983. Studies on mixed application of organic
and inorganic fertilizers for increasing maize yield and ameliorating
soil.Journal of soil Science. Vol.14 1.5 p.9-10.
(2) Zhang zhenjiang. 1988. The effects of fertilization on maize
yield and soil fertility. Journal of soil science. Vol.19 1.3 p.113114.
CO Yi Yuxiang et al. 1991.Effects of mixed fertilizer application
on soil fertility and maize yield. Journal of soil science Vol.22
1.2 p.71-86
(0 Zeng Muxiang et al. 1992. Advantages of application of organic
manure with chemical fertilizers in a stationary long-term experiment.
Journal of soil science. Vol.23 1.1 p.1-6.
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Organic-Inorganic Fertilizer: A New Product With a
New Way for Modern Organic Agriculture
Liao Zhongwen Lin Dongjiao. Soil Science Dept. South China Agricultural
University Guangzhou, PR. China 510642
Soil fertility has become a serious
problem in present
agriculture. How to solve it has become a great challenge to soil
scientist over the world. Based on our researches, Organicinorganic fertilizer(OIF) is proposed as a new product and also a
new way to convert industrial wastes into agricultural resources
for modern organic agriculture.
1 soil fertility problem and its cause
Petroleum agriculture has increased crop yields by many times
but also faced serious soil fertility problem due to overuse of
chemical fertilizers. Soil organic matter dropping, acidification,
crop nutritional disorders and quality degradation occur more
frequently. All these problems force scientists in west and east to
think where is the way for modern agriculture to go ?
Fertilization is closely related to soil fertility. In ancient
time, organic manure maintained soil fertility for thousands of
year. In modern society. Soil fertility problem occurs due to
unbalanced fertilization: overuse of chemical fertilizers but
without
proper supply
of organic
matter. Such
unbalanced
fertilization not only affect crop yield and quality, but also
human nutritional supply and health. Decrease of organic manure
application is mainly due to: First, its low content of NPK and
time and labour consuming for application. Second, and more
important, the traditional way for organic manure making and
application are not suitable to modern commodity economics.
2. Organic-inorganic fertilizer: A new product with a new way
Based on
our
research and
practice,
organic-inorganic
fertilizer, a new product with a new way, has been proposed to
solve the problems mentioned above. Organic-inorganic fertilizer
contains both chemical fertilizers and organic components from
industrial wastes such as furfural residue, fly ash, bagasse,
filter cake, waste ferment liquid. It combines advantages of
chemical fertilizers and organic manure and is better than them. It
also provides a new way of production and distribution for organic
fertilizer (Table 1 ) , thus promoting modernization of traditional
organic agriculture.
Organic-inorganic fertilizer also creates a new way to convert
industrial wastes into fertilizer resources, thus forming a large
scale
material cycling
between industrial
and agricultural
systems(Fig.1). Such a new eco-engineering model is of great
significances on soil utilization in harmony with nature.
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Table 1

Function Comparison among the Fertilizers
Kang

balanced NPK
balanced organicinorganic ratio
soil fertility
fertilizer
efficiency
environment
effect
industrialized
production
seriation
product
commercialized
distribrtion
Fig.1

compound fertilizer

organic manure

+

+
+

best
+
+
+
+

A new model of eco-engineering
open benefitial recycling
organic-inorganic
fertilizers

sugarcane
Kang, an organic-inorganic fertilizer created by soil science
department, South China Agricultural University, has been widely
produced and applied in South China. It raises both crop yield and
soil fertility, improves crop quality, showing high competitive
ability. This successful example indicates that organic-inorganic
fertilizer will be an
ideal fertilizer for modern
organic
agriculture as it forms a new, modern cycling for converting
industrial wastes into agricultural resources.
References:
l.Liao Zhongwen A new organic-inorganic fertilizer made from
industrial wastes. Proceedings of Fertilizer Asia Conference and
Exhibition p253-257 1989. British Sulphur Corporation Ltd. London.
2. Liao Zhongwen et al
Soil, environment and modernization of
organic agriculture. In Environmental Change of Soils (Gong Zitong
ed.) (in Chinese with English abstract) P.328-330 1992. Chinese
Sci. and tech press Beijing.
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Green Manure use for Muskmelon (Cucumis melo)
Production in Colima, Mexico
O . Perez-Zamora, O.S. Lopez-Arriaga, and M . S . Orozco-Santos.

Campo

Experimental Tecoman, Col, Mexico
Introduccion. The use of green manure to improve soils and as a source of
nutrients, as well as others agronomic practices, including livestock manure
and crop rotations have long been used (Bhella and Wilcox, 1986; Kelly, 1990;
Loy and Wells, 1975; Schmueli and Goldberg, 1971). In Colima, state of México,
are planted 3000 ha of muskmelon every year during the winter season. Most of
the fruit is exported and the production system is characterized by its high
degree of technological use, including drip irrigation and plastic mulching.
However, fertilizers, although widely used, are applied without a diagnosing of
soils and following empirical recomendations, based on results from somewhere
else. The objective of this study was to determine the feasibility of producing
netted muskmelon (Cucumis melo L.) using green manure during the summer in
order to improve soils characterized by its low level of available P.
Materials and Methods. The experiment design was a split plot with main plots
of fertilizer methods applications: 1) None phosphorus (F0) base application at
planting, but nitrogen and potasium added at adequate levels (200 kg.ha"1 each);
2) Soil fertilized (F) two times, at planting 50, 100 and TOO kg of N, P, and
K, plus 150, 100 and 100 kg of the same nutrients 20 days after plant emergency,
and 3) 50 kg of N and 100 kg of P at planting time, and the remaining by
fertigation (FG) until to complete 200 of each nutrient. The small plot had
been in sorghum (Sorghum bicolor), clitoria (Clitoria ternatea) and crotalaria
(Crotalaria intermedia) during the summer of 1992 before beginning the
experiment; these species were incorporated in september, and soil prepared for
bedding before drip irrigation tubes were set. The soil used in the experiment
was a Loamy mixed isohypothermic Typic Orthoustalf. Control treatments received
none phosphorus base application and no green manure incorporated. On december
28, Laredo seeds were planted at the center of 1.78 m wide beds; distance
between plants was 0.16 m. Each bed had tubing with emision spacing 0.5 m, flow
rate of 2.3 Lit.hr"1 at 0.51 Mpa. Each main plot consisted of four 20 m-long
rows. Plant insects and diseases were controlled using standard commercial
practices. Water was applied when soil water potential reached 0.25 kPa.Melon
were harvested eight times, beginning on the 8th and ending on march 23, 1993.
Weight and number of marketable fruits were recorded.
Results and Discussion. The fertilizer (P4.0.01) applied with drip irrigation
system increased the total weight of melon per hectarae ( Table 1 ) over
fertilizer applied twice to the soil and to control. The highest yield was
obtained from Clitoria + FG, followed by other green manure that also showed a
positive effect when combined with F an FG as compared with F and FG alone;
however, the use of green manure had a detrimental effect on yield when P was
a limiting factor (F0).
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This may be related with the high demand of P for legumes (crotalaria) in
contrast with the control; the behavior of clitoria, also a legume, is not
easily explained, and its advisible to follow their performance as a green
manure option.
This specie has shown an excellent adaptation in semiarid an humid locations
of Colima.
Table 1. Influence of fertilizer source on Laredo muskmelon yields.
Source
None

Clitoria

Green Manure
Sorghum

Crotalaria

Feri: Xm

ton .ha"1
FO
F
FG

9..27
17,.35
20..94

8,.37
23,.33
25..24

8.24
20.37
24.30

5..13
19..61
24..95

Green
Manure Xm

15.,85

18..97

17.63

15.,56

7. 75
20. 16
23. 85

The LSD 0 05 for differences between main plot treatments (between fertilizer
methods)" was 0.350 ton.ha"1; for subplots treatments (among green manures
means) the LSDQ Q5 was 1.97 ton.ha"1.
Biomass production for crotalaria, sorghum and clitoria on a dry weight basis
was 3272, 5918 and 1008 kg.ha" 1 , respectively. The former provided an excellent
ground cover during the summer, controlling weeds and increasing soil water
storage.
In conclusion, our findings showed that the use of green manure like legumes
and sorghum, or combinations of them, for instances crotalaria + sorghum coupled
with drip irrigation and plastic mulches may offer a new cropping system that
can provide acceptable yield and protect the environment.
Literature Cited.
(1) Bhella, H.S. and G.E. Wilcox. 1986. Yield and composition of muskmelon as
influenced by preplant and trickle applied nitrogen. HortScience 21:86-88.
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production. HortScience 25:168-169.
(3) Loy, J.B. and 0.S. Wells. 1975. Response of hybrid muskmelon to
polyethylene mulch. Scientia Hort. 3:223-230.
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Effect of pre-submergence and green manure on l5N-urea
transformations applied into flood water of lowland rice soils
H.S. Thind*, and D.L. Rowell. Department of Soil Science, University of
reading, Reading RG1 5AQ, England
Introduction. Ammonia volatilization and denitrification are considered to be the most important
loss mechanisms responsible for low effeciency of nitrogen under lowland paddy conditions.
Ammonia volatilization is largely determined by floodwater dynamic with respect to pH, alkalinity
and NH-N concentration. The loss of N by nitrification-denitrification is governed by the depth
of aerobic soil layer present at the soil-water interface. It is widely recognised that for
higher N fertilizer use efficency in paddy, the first application of fertilizer should be by basal
incorporation i.e. broadcast and incorporated into soil by mixing without standing water before
paddy transplanting. This recommendation is contrary to farmers practice because they usually
broadcast the N fertilizer into the floodwater 10 to 21 days after transplanting which result into
higher losses (De Datta and Buresh, 1989). But the role of algae present in floodwater in farmers
practices is never quantified because in all studies application of unea 10 to 21 days after
transplanting has been compared with basal incorporation. The effect of green manure, which is a
common practice in rice growing soils, on applied urea is not clear. Present investigation was
undertaken to investigate how pre-submergence (simulating farmers practice) and application of
green manure affect the various N transformations after urea addition into flooswater.
Materials and Methods, A Rowland soil samples was collected from Sonning farm of University of
Reading which was air dried and passed through a 2 nn sieve (pH 5.9, organic matter 1.1 per cent,
cation exchange capacity 10.4 cmolc kg ) for this experiment. The experiment was conducted in
glass bottles of 7.65 en in diameter. There were three treatments i.e. control (Tl), presubmergence for 14 days (T2) and green manure applied at a rate of 0.2 per cent on a dry weight
basis of soil (Tj). A 4 cm deep soil column was saturated with water and puddled. Then water was
added slowly to give a 4 cm depth of flooewater. For the pre-submergence treatment (T2) this
process was started 14 days before the main experiment and bottles were placed in a growth
chamber. Then 5 N-urea in solution form (atom % 5.4858 5 N) was added to floodwater at a rate of
138.406 ug g on oven dry weight basis of soil. The were 12 replicates of each treatment. All
these bottles were fitted with forced-draft lids for direct measurement of NH3 volatilization.
Three replicates of each treatment were taken 4, 11, 18 and 32 days after urea application
analysis. Floodwater was decanted in separate beakers for analysis. The soil was extracted with
2M KC1 containing phenylmurcuric acetate for the determination of exchangeable NH-N and N03-N.
The soil after KG extraction was washed with two washings for KG and two washings of distilled
water and was air dried for total N analysis designated as organic N). Weight of algae present in
floodwater was determined by using milipore filters (SVLP 047 00) of 5.0 um and total N content of
algae was analysed for total N concentration. The remaining floodwater was used for the analysis
of NH4-N, N03-N and alkalinity. In all N determinations sample were prepared for 15N analysis.
Denitrification was calculated by the difference method assuming that all other losses were due
to denitrification.
Results and Discussion. The floodwater pH was high in the pres-submergance treatment than other
treatments until algae appeared in floodwater on the fourth day after urea application. The presubmergence for 14 days resulted in the total alkalinity of floodwater to 1.6m mol L . The
floodwater alkalinity increased sharphy after urea application in all the treatment but the
increase was considerably high with the application of green manure. The fertilizer applied into
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floodwater in the form of 15N-urea underwent various transformations, the magnitude of which
varied with treatments as depicted in Fig. 1. Pre-submergence for 14 days increased urea
hydrolysis significantly compared to the other treatments. The half life of applied urea was 3
days in the pre-submergence treatment compared to 6 days in the other two treatments. The
increased NH4 + -N concentration upon faster urea hydrolysis accompanied by higher pH values
resulted in higher losses by NH3 volatilization. The presubmergence treatment also resulted in
higher nitrification and subsequent denitrification. The application of green manure, maintained
higher NH4-N concentrations in floodwater resulting in more NH3 volatilization. The green manure
treatment showed more NH3 volatilization during 11 to 18 days than in the pre-submergence
treatment and this higher NH3 volatilization was maintained to the end of the study. The main
reason for maintaining higher NH^'N concentration and subsequent NHU volatilization with green
manure was lower nitrification and subsequent denitrification. Although N assimilation by algae
(floating + benthic algae) increased with time after urea application, the differences in the
three treatments were not significant up to 18 days. But between 18 and 32 days, significant
assimilation of N was observed only in T l . The failure of T j and T2 to assimilat further N
resulted in higher losses by denitrification. This lower immobilization in T-, might be due to
aging of algae and in T3 the colour of algae was completely yellow after 18 days which might be
due to toxic effect of decomposing green manure.
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In the green manure treatment (T3) an increase in denitrification from 4.4 to 18.5 per cent was
observed between 18 and 32 days after urea application although very low NO^'N concentrations were
detected in the floodwater and the soil column. This might be the result of the establishment of
a very thin aerobic soil layer and N 0 3 - formed might have inmediately denitrified due to severe
reducing conditions caused by green manure leaving no NO3" in soil or floodwater. It is
interesting to note that in Tl assimilation of NO^'N by algae between 18 and 32 days prevented
loss through denitrification even after the formation of NO^'N.
Literature cited.
(1) De Datta, S.K. and R.J. Buresh. 1989.
Advances in Soil Science 10:143-169.

Integrated nitrogen management in irrigated rice.
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Response of Grain and Green Beans (Phaseolus vulgaris L.)
the Liquid Anaerobic Biofertilizer of Bovine Manure
M. de la Garza. Soil Department, UAAAN, Saltillo Coahuila, México.
Introduction. Providing a solution for the alimentary problem is the most important thing in the world,
and a way of contributing to this is focusing our knowledge towards agricultural production through the
use of bacteria in order to produce organic biofertilizers from stabled milking bovine's manure. The
natural degradation of this material takes about a year, and a lot is lost in the atmosphere in the form of
NH3, C02, and other gases That is why we thought of an anaerobic biodegradation of manure, which
takes from 20 to 25 days in summer and a little over a month in winter. The metabolism of aerobic
microorganisms ends in carbon dioxide, water, and biomass, while the anaerobic one produces a series of
simple compounds, aliphatic organic acids, such as formic, acetic, propionic, and butyric acids, and small
amounts of lactic acid, aminoacids, glycerol, fatty acids, and other water-soluble compounds, which may
be used, immediately, by microorganisms and plants.
Materials and Methods. In 1981 (3), a rudimentary but functional stationary digester was built in order to
produce liquid and solid biofertilizers and use them in different agrarian cultivations. The chemical
analysis of screened manure and of liquid biofertilizer was made in order to know the content of
nutriments present. The latter was the first one used in investigation projects in a greenhouse level and
under field conditions. These experiments ended in thesis at a masters' and bachelors' degree level.
Others are in process.
For 14 years, the BALEB ** has been used in different agrarian cultivations: grain beans in
Derramadero, Coah., and green beans in La Aurora, Coah., Mexico, in order to make a comparison
between chemical fertilization and the biofertilizer. In both cases, the experimental designs were random
batches.
Results and Discussion. In 1988 (2) a comparative study, represented on Table 1, of the yield of grain and
green beans was made.
Table 1. Yield of grain and green beans in field with liquid anaerobic biofertilizer (BALEB) compared to
chemical fertilization.
CULTIVATION VARIETY
GRAIN BEAN

FERTILIZ ATION DOSIS
YIELD IN KG/HA
BALEB
CHEMICAL SAMPLE BALEB CHEMICAL

AMERICAN
2501/ha
PINTO
GREEN BEAN BLACK
3001/ha
VALLANTINE

40-40-00

287.8

640.3

60-40-00

871.0

1831.0

**BALEB= Liquid anaerobic biofertilizer from bovine manure
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366.8
1326.0

The grain bean was established in the Canon de Derramadero, Coah., Mexico since in this zone
approximately 1628/ton/year of manure are produced, mainly from milking bovine. This manure, through
anaerobic fermentation, may produce liquid and solid biofertilizers, as well as methane gas, when the
digester is integrated.
On the other hand, the green bean was established under field conditions in La Aurora, Coah. (4), and it
was found that the adequate dosis of liquid fertilizer was 300 It/ha in two applications, half at sowing
time and the rest before flowering. The reduction of the phenologic response and the increase in the
cultivation yield when using this dosis of biofertilizer were also proved and ratified.
In 1986 (1) the adequate dosis of fertilizer for grain beans, which was of 250 lt/ha, was obtained. Half of
it was applied at sowing time and the rest of it before flowering. When comparing the yield with two
applications of biofertilizer against chemical fertilization, it was found that in the case of the biofertilizer,
it was 300% superior in weight and 80% less costly.
Due to the facts formerly exposed, the application of BALEB to the cultivation of grain beans and green
beans was considered important for increasing the plant's phenology with its unitary yield without
increasing costs, and thus improving the producer's economy without disturbing the soil's habitat. This
alternative is considered to be very valuable, since it comes, mainly, from renewable resources and
therefore can compete with the chemical fertilizers, which come from non-renewable resources that are
more scarce each day.
Quoted Literature.
(1) Abencerraje, R.F. y De la Garza-Curcho, M. 1986. Respuesta del frijol (Phaseolus vulgaris L.) al
fertilizante liquido biodegradado anaerobico del estiercol de bovino. Agraria Revista Cientifica Vol. 2
No. 1 UAAAN pp. 130-136 Buenavista, Saltillo, Coahuila, México.
(2) De la Garza-Curcho, M. 1988. Utilización de biodegradados anaerobicos liquidos del estiercol de
bovino lechero estabulado. Memorias Seminarios Logros de la investigación de la UAAAN. Durante los
ültimos 5 anos. pp. 111-123. Buenavista, Saltillo, Coah., México.
(3) De la Garza-Curcho, M. y Martinez Penuelas. 1985. Respuesta de la soya (Glycine max L) variedad
Tamazula S-80, al fertilizante liquido obtenido por fermentación anaeróbica del estiercol de bovino pp.
71-84. Agraria Revista Cientifica UAAAN Vol. 1 Num. 1 Ene-Jun 1985. Buenavista, Saltillo, Coahuila,
México.
(4) Mendoza G. O. 1985. Respuesta en la fenologia y rendimiento del frijol ejotero (Phaseolus vulgaris L)
al biodegradado anaerobico liquido del estiercol de bovino en La Aurora, Coah., México. UAAAN
Programa de Graduados.
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Evaluation of Organic Manures (farmyard manure) on
Fertilizer use Efficiency by Potato (Solanum tuberosum) in
Shimla Hills
KC Sud, RC Sharma and J.S. Grewal. Central Potato Research Institute,
Shimla-171001 (HO) India
Introduction. Use of fertilizer nutrients is indispensable for successful potato production under
long day conditions in view of its luxuriant growth. However fertilizer use efficiency is low and
varies for N (45-50%), P (10-15%) and for K (45-55%) (Grewal and Sharma, 1981) Hence effortsare
on to increasing nutrient, use efficiency. The beneficial effect of organic manures, especially
of farmyard manure is well established in potato production (Sharma et al. 1986; Grewal and
Trehan, 1988), however its role in fertilizer use efficiency is yet to be established.
Materials and Methods. Application of FYM at 10 and 20 t/ha significantly increased tuber yield
and nutrient uptake by potato cv. Kufri Jyoti (Table 1). Its application reduced N dose by only
20 kg/ha but increased yield response to applied N by over 4.5 t/ha. N-recovery was higher by 1820 percent in presence of FYM. Likewise N use efficiency i.e. q tubers/kg applied N was 0.114
compared with 0.089 without FYM.
Application of small amount of FYM i.e. 5 t/ha with P fertilizers in furrows not only resulted in
higher yields but also increased P-uptake by potato. (Table 2) 5 t/ha of FYM alone gave optimum
yields comparable with 44 kg P/ha as superphosphato. Recovery from applied P was higher in
presence of FYM. Similarly P use efficiency with FYM was 2.32 g tubers per kg P applied compared
with 1.97 without FYM.
In another study application of 5 t FYM/ha alone or in combination with K. fertilizer in furrows at
planting had a significant effect on potato yield and nutrient uptake (Table 3). 63 kg K+5 t FYM
was found to be as optimum dose and gave 18 per cent higher recovery and K use efficiency of 0.162
q tubers per kg K applied as compared to 0.090 without FYM.
Results indicate that application of farmyard manure helps in improving utilization of applied
nutrients from fertilizer in acidic soils of Shimla region. Even a small quantity of FYM can
bring about higher returns in potato production mainly exported as seed to other states from
Himachal Pradesh.

Table 1.

Effect of farmyard manure and nitrogen in potato
nutrient.

Treatment

Total yield
(t/ha)

N uptake
(kg/ha)

N Recovery
(%)

18.1
22.2
26.10
3.9

46
65
89
15

24.3
33.8
59.6
9.6

0
60
120
180
240

13.7
19.8
24.1
27.4
25.7

C D . (0.05)

5.0

36
59
78
84
78
26

62.8
48.2
35.6
25.5
12.3

FYM Levels (t/ha)
0
10
20
CD. (0.05)
N Levels (kg/ha)
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Effect of Application of Compost and Manure on Crop Growth
and Nitrogen Mineralization Under Rice-Com Rotation
T. C. Juang. National Chung University, Taichung, Taiwan, R. O. C.

The objective of this study was to investigate the mineralization
potential of organic fertilizers and their contributions tothe supply
of nitrogen to soil and plant.
Under aerobic conditions, the release of available nitrogen from
different treatnents declined in the order ofchemical fertilizer (392.3
mg/Kg" 1 ), hog manure (204.8 m g / K g ' ) and

control (110.3 mg/kg M .

The highest N mineralization rate (X) of hog manure and trash compost
were 12.2 % and 8.5 % respectively. The mineralization potential also
had the same trend, e.g. hog manure (210 mg/kg" 1 ) > trashcompost (155
m g / K g ' ) > control (101 mg/kg" 1 ). Based on the maximum N mineralization
rate (%) , the hog manure and trash compost application rates were calculated and used in the maize pot experiment. The effect of organic material application on nitrogen, phosphorus and potassium uptake by
plants showed that the hog manure treatment had the best response on
plant uptake, e.g. 428.0, 69.3 and 762.9 mg pot' 1 for N.P.K. respectively. Trash compost treatment was the worst, especially in supplying
phosphorus.
Total N and

15

N content of soil plant samples were analysed after

harvest (R6 stage) in the maize pots. Results indicated that nitrogen
uptake by plants from chemical fertilizer, hog manure and trash compost treatments were in the range of 63-72%, 16-20% and 5-18%, respectively. However N obtained from soil originally due to their supplying
capacitiese ranged from 27% to 40%.
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Characteristics of Organic Fertilizers Produced from Aerobic
and Anaerobic Digestion of Biomass
M. M. El-Shinnawi, S. A. Abo-El-Naga, S. A. El-Shimi, and M. A. Badawi.
Fac. of Agric, Menofiya Univ., Shibin El-Kom, Egypt. Soils & Water Res. Inst.,
Agric. Res. Center, Giza, Egypt.
Introduction. Current solid waste disposal technology in Egypt includes
inceneration, landfilling, and aerobic composting (1). Due to the higher
'moisture content and capital cost, inceneration has not proven to be a
desirable technology. Landfilling in the past has not been a sanitary
landfilling, however, this is changing and cost of the dumping
alternative is increasing.
The present study is therefore a trial to compare the properties of
-he organic fertilizers produced from aerobic composting and
f«imentation of <~^rtain organic wastes.
Materials and Methods. Farm residues (FR) consisting of maize stalks +
cow dung, urban refuses (UR) consisting of digestable fraction of
garbage + sewage sludge, and village wastes (VW) represented by a
mixture of 1:1 of FR and UR were used as substrates. Each of these
organic wastes was subjected to either aerobic or anaerobic digestion.
In the aerobic treatment, air was injected at a flow rate c£
approximately 30 cubic feet per'minute, moisture content was maintained
at 65% WHC, and incubation temperature was the ambient (21°C). In the
anaerobic treatment, seeding material (slurry of animal dung or sewage
effluent) was applied at the outset; temperature was kept constant at
33°C and solid content ranged between 21 and 2 6%. The experiment of both
treatments, lasted for 24 weeks.
The end-product from both aerobic and anaerobic digestion
technigues of the waste materials was evaluated as a natural soil
conditioner and for its fertilizing value (nutrient contents). Each was
tested for some physical parameters, e.g. density, water-holding
capacity (WHC), and texture (mechanical seiving). The fertilizing value
of the finished compost was monitored by the chemical analysis for its
cation-exchange capacity (CEC) and content of macro-and micro-nutrients,
a» well as its content of some heavy metals. All analyses were performed
following the standered methods presented by "APHA" (2).
Results and Discussion. The aerobically resulted compost excelled the
anaerobic product in the physical characteristics in general, as it
showed lighter density, higher WHC, and finer texture. The aerobic
compost also revealed greater CEC than the fermentation end-product.
Organic carbon, nitrogen, and phosphorus contents gave better values
under the anaerobic treatment than the aerobic one, whereas potassium
showed an opposite trend. The aerobic decomposition resulted generally
in higher figures of Ca, Na, and Cr and lower ones of Mg, Zn, and Mo
than the anaerobic digestion. The other elements determined showed
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inconsistent patterns between both treatments. Table (1) shows the
elemental composition of the end-product of both processes.
The FR surpassed the other materials in many measures undertaken,
main of which are C, N, P, and K. UR was richer in Ca, Na, Fe, Cu, Zn,
and heavy metals. VW mostly showed intermediate values.
Noteworthy, that the anaerobic digestion technology of biomass is
usually of dual purpose, i.e. generation of the combustible biogas and
production of natural organic fertilizer, and is considered as a lowcapital cost process (3).
Table 1: Concentration of elements in the finished organic fertilizers
produced by aerobic and anaerobic decomposition, for 24 weeks,
of different organic wastes.
Aerobic decomposition

Anaerobic decomposition

Element.s
UR*

FR*

VW*

FR*

UR*

VW*

Concentration %
C
N
P
K

27.00
1.40
0.26
0.86

20.80
0.89
0.19
0.73

22.00
1.24
0.19
0.81

36.20
1.52
0.31
0.78

32.00
0.91
0.19
0.65

35.00
1.24
0.28
0.69

6401.00
1211.00
522.00
1237.00
12.14
63.48
28.55
5.14
0.69
1.33
1.68
0.13

6311.00
1231.00
501.00
1193.00
10.40
44.04
47.99
3.94
0.79
1.22
1.68
0.06

Concentration ppm
Ca
Mg
Na
Fe
Cu
Zn
Mn
Mo
Ni
Cr
Pb
Co

7190.00
1236.00
587.00
765.50
10.37
25.10
48.66
2.94
0.69
1.11
0.86
0.06

7301.00
1207.00
720.00
1237.00
10.66
35.30
42.44
2.06
1.09
1.67
1.73
0.13

* FR = Farm residues

UR

7207.00
1213.00
601.00
1209.00
10.59
31.57
43.55
2.50
0.99
1.22
1.31
0.06

6250.00
1244.00
492.00
815.00
11.29
35.13
81.88
4.70
0.89
0.99
1.17
0.06

Urban wastes

VW = Village wastes

Literature Cited.
(1) "EQI" (Environmental Quality International) 1986. Shoubra
Composting Pant. Final Report, Cairo, Egypt.
(2) "APHA" (American Public Health Association) 1989. Standered Methods
For The Examination Of Water And Wastewater, 17 th ed.,Washington,
D.C., USA.
(3) Wise, D.L., Leuchner, A.P., Levy, P., Sharaf, M.A., and Wentworth,
R.L. 1987.Low capital cost fuel gas production from combined
organic residues. The global potential. Resources, Conservation and
Recycling, 15: 163-190.
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Determinación de las Condiciones Optimas para la
Obtención de Compostas de Alta Calidad Agronómica
A. Carmona Alcéntara, I. Garcia Martinez, A. Azaola Espinoza.
Depto. de Biotecnologia, UAM-Iztapalapa; Departamento de Pdos. Biológicos,
UAM-Xochimilco
Objetivo: Establecer un sistema de manejo a nivel de planta piloto de los desechos sólidos
biodegradables, para la producción de composta y biofertilizantes.
Resumen: Se presenta un disefio experimental que permita determinar las condiciones durante el
proceso de fermentación sólida aeróbia de la fracción biodegradable de los residuos sólidos. Se
evalua el efecto del inóculo (estiercol de vaca), la textura de los materiales y el contenido de
hümedad durante el proceso. Los resultados obtenidos muestran que para el buen desarrollo del
proceso de composteo es necesario controlar las variables del mismo, siendo de suma importancia el
mantener el contenido de hümedad (65-70%) para la producción de materiales completamente
degradados y asi la obtención de compostas dejcalidad agronómica.
En la actualidad la necesidad de mejorar el medio ambiente a promovido diversos procesos que
permiten el reaprovechamiento integral de los residuos sólidos, de los cuales se pueden obtener
productos o materias primas de importancia para la industria.
Se han desarrollado pruebas piloto sobre las condiciones de manejo de la fracción biodegradable en
el proceso de composteo por medio de una fermentación sólida aeróbia donde se estudian las
diversas poblaciones microbianas en relación con su actividad degradativa.
Se acondicionó un tünel digestor: area dentro de la cual se procesan los residuos sólidos para la
producción de compostas.
Para determinar las condiciones de manejo de los desechos sólidos, se diseno un modelo
experimental con el objetivo de determinar
a) Efecto de la introducción de inóculo (estiercol de vaca) al proceso.
b) La introducción de fibra de cafia como agente reductor de hümedad y mejorador de la
textura.
c) El prensado de los materiales con la finalidad de reducir la hümedad.
Para la realización de los experimentos se utilizaron muestras de residuos sólidos organicos
biodegradables de la Central de Abastos.
El disefio experimental comprende cuatro experimentos representados en la tabla sig.:

EXP
Molido Inoculado
1 (MSSS)
XX
2 (MISS)
XX
XX
3 (MISP)
XX
XX
4 (MIBS)
XX
XX
Tabla #1 Diseno Experimental
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Prensado

ConFibra

XX
XX

Los experimentos se desarrollaron dentro del tünel digestor, donde se obtuvieron parte de los
datos y las muestras que han servido para los estudios fisicoquimico y microbiológicos de las
compostas obtenidas.
Analisis fisicoquimicos. Preparación de muestra y toma de datos: La medición de la temperatura se
realizó tres veces al dia.
El muestreo se realizó semanalmente: Las muestras utilizadas para los analisis fueron secadas a
90°C durante 48 horas y posteriormente molidas.
Analisis Microbiológicos. Las muestras para el analisis microbiológico fueron colectadas
semanalmente en frascos estériles y procesadas para su estudio.
Se realizó un estudio de la Cinética microbiana del proceso: Bacterias (Estreptococos, Bacilos,
Estafilococos, Enterobacterias y Actinomicetos), y Hongos.
Resultados. Analisis fisicoquimicos. Se determinó: Materia Orga-nica (%) Contenido de Carbono y
Nitrógeno (%), Relación C/N, Minerales (% de cenizas), pH y hümedad (%). Los resultados obtenidos
se muestran en la tabla de resultados.
Analisis microbiológicos. El analisis muestra la presencia de: Bacterias (Estreptococos, Bacilos,
Estafilococos, Enterobacterias y Actinomicetos), y Hongos, considerandose que los mas importantes
en el proceso degradativo son bacilos actinomicetos y hongos, dependientes para su proliferación
de un cierto grado de aireación y una hümedad del 65 al 70 %.
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AN AGRO-ECOLOGICAL MODEL OF ORGANIC MATTER
IN THE ROCKY LIMESTONE SOILS OF YUCATAN
H. Cuanalo de la C. and M. Soria F. Campo Experimental Edzna. INIFAP. Calle
16 No. 262. Campeche, Camp. Mexico. C.P. 24010. Fax(981)100-86.
Introduction. The limestone plateau of Yucatan has, in many areas, soils made of rocks with cracks filled with clays
and organic matter. Agriculture has been done for centuries by shifting cultivation. The northern part of Yucatan has
ground water at less than 10m deep and is used for irrigation. The land under irrigation has been used continuously
by addition of 20 tons of chicken manure., otherwise yields decrease, chicken manure has become expensive because it
is used as supplementary cow food. It has been suggested that rocks should be taken away in strips of land 0.8 m
wide, 0.25m deep and 2 m apart. Irrigation by pipes and micro-pipes will cover only the cleared strips, Irrigation
provides the water needed by crops, weeds are dealt with by hand or herbicides, siliceous materials are scarce, so in
these soils organic matter is the key factor to maintain crop production,.
The main objective of this work is to establish the relationship between yields and organic matter. This is attempted
by an experiment on sites with 1, 2, 3, 4, and 5 cycles of agricultural production., were the microbial activity was
measured by the amount of carbon dioxide released .
Material and Methods. The main reasons to use shifting cultivation on these soils is the decrease in yields when they
are used continuously, Navarrete, 1977. The yield decrease is due to an increase in weeds, loss of soil fertility and to a
physical and biological degradation of soils, Sanchez, 1983. It is generally agreed that degradation is carried out by
changes in the organic matter of the soil. Traditionally the crop residues and weeds are slashed and burnt after each
crop cycle. The slashing and burning is not justified after the land is cleared the first year, since these residues are the
main source of organic matter to the soil. Quijano, 1984 and Ku, 1984 have shown that it is possible to maintain
yields in these soils by the construction of rock free strips 0.8 m wide, 2.0 m apart and about 0.25 m deep, irrigated by
pipes and micro-pipes, the use of chemical fertilizers and adding the residues of both crops and weeds. (Soria 1987).
An experiment was carried out in Conkal, Yucatan to estimate the effect of microbial activity on tomato yields under
different croping periods and three levels of chicken manure and chemical fertilizers. The experiment was a random
blocks, one with 5 treatments and four replicates. The treatments were: l.-No manure, no nitrogen, no phosphorous,
no potassium, that is (00-00-00); 2.-10 ton/ha of chicken manure/ha, 75 kg/ha of N, 100 kg/ha of P 2 0 5 , and 100
kg/ha of K 2 0, (M10+75-100-100); 3.-10 ton/ha of chicken manure (M10); 4.-20 ton/ha of chicken manure, (M20); 5.75Kg/ha of N, 100kg/ha P 2 0 5 and 100 kg/ha of K 2 0, (75-100-100). The experiment was established in five sites
with 1.- One crop period (50 days); 2.- Two crop periods (200 days); 3.-Three crop periods (400 days); 4 Four crop
periods (600 days)and 5 Five crop periods (800 days)
Two compound soil samples were taken from each treatment, one at the time of transplanting and the second after
the harvest. The microbial activity was estimated by the C0 2 released under incubation, Stotzky(1965).
The yields of tomato of the five sites were statistically analyzed, first one by one. Then each site was partitioned in
a factorial 2^ (with and without manure and fertilizers) and again analyzed individually and compared with treatment
20 ton of chicken manure Then after , a combined analysis of the five sites was done with each of the individual
analysis. All this was done to estimate the effect of treatments over the different crop periods . Regression models were
carried out between yields and the loss of C0 2 for 24 hours, from the average of the two times of soil sampling.
Results and Discussion. The statistical analysis of tomato yields for each of the first three growth periods show a
highly significant difference between the use of No manure and 10 ton/ha of manure. The third and fourth growth
period shows no significant differences between No manure and 10 ton/ha of manure. The combined variance analysis
of the five growth periods, shows there are significant differences for several sources of variation. The most important
is the highly significant difference between growth periods. Other important differences are between the use of 20
ton/ha of manure and the factorial average treatment and also the difference between growth period and the use of 10
ton/ha of manure. These shows that the effect of manure on yields depends on the growth period. The overall mean
yields of tomato was 48.12 ton/ha and the Coefficient of Variation of the experiment was 11%. Most of the variables
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considered in the experiment show a highly significant response. The yields of tomato are high in the first period,
decreasing in the second and third period and begins to increase from the fourth till the fifth period. For each period
there is an increased in yields (YI) as a function of microbial activity (Ma). The equation is YI = 5.43993 Org.
Matter., and the coefficient of determination (r^) is 0.85.
The most import results can be seen in Fig. No. 1 were both yields of tomato, lower part, and microbial activity
upper part, are graphed against growth periods. These show that yields in both treatment decrease rapidity in the
second period, it continuos to decrease in the third period and there is an increase in the fourth and fifth period. These
can be explained by the addition of organic matter to soil strips in terms of crop and weeds residues, which was
estimated in the order of 40 ton/ha of fresh organic matter per cycle. The addition of manure always increases yields
higher than treatment 00-00-00. The upper part of the graph shows that the microbial activity of treatment 00-00-00
increases from the first to the third period and in the forth and fifth period it shows a decrease. The treatment addition
of 10 ton/ha of manure follows a similar pattern but at a higher microbial activity.. Therefore for each period yield
increases with an increase in microbial activity, however for all treatment and through time, yields decrease when
microbial activity increases. This can only be explained in terms of competition between plants and micro-organisms
uptake of nutrients.
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Figure 1. Microbial activity fat mg of CO2 rclcased,(upper part). Tomato yields
in ton/ha and growth period in days, (lower part).
The results are explained in terms of three components which form the soil organic matter. The first is the fresh
organic matter on the upper part of the soil, that is litter. The second is made up by micro-organisms, root secretions
and organic leftovers easily fermentable that is biomass and the third is the organic matter highly decomposed, that is
humus. During the second and the third periods there is a decrease of yields in all treatments mainly because of
addition of fresh organic matter on the soil stripes brings about an increase in microbial activity therefore microorganisms take most of the available nutrients and there is an increase in the soil biomass. During the fourth and fifth
periods the biomass has reached a new high level and the addition of fresh organic matter is not sufficient to feed all
the soil micro-organisms therefore the biomass stored begins to release nutrients.
CoDchisk>ns.-The increase of yields can be explained by an agro-ecological model of soil organic matter in the soil.,
formed by three components, that is litter, biomass and humus.
References. Soria Fregoso MJ. 1987. La actividad microbiana del suelo y su efecto sobre la produccion de Tomate en
el norte de Yucatan. Tesis de Maestria en Gencias. Colegio de Postgraduados. Chapingo, Edo, México. México.
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Ecologic-agrochemical Evaluation of Fertilizers Application
on Ukrainian Chernozems
BÜLNosko.Institute for Soil Science
str., 4,Kharkov 24, Ukraine.

and Agrochemistry

Research.

Chaikovsky

Introduction.In the late 80-th application of fertilizers in the Ukraine reached 150 kg NPK
and 8.9 t manure per hectare sown area, and their share in the total volume of agricultural
production amounted on the average to 25-30%. At the same time substantially increased the
effect of fertilizers on soils fertility: acid base characteristics,quantity and composition of
absorbed bases, physical characteristics, content and quality of organic matter, content and
mobility degree of nutrients are changing, the hazard of negative fertilizers effect on the
environment increases.
In development of the conception of fertilizers application it is necessary to consider their effect
on soils fertility and environment.
Investigations methods and results. Investigations have been carried out in the long-term
experiment on chernozem typical in Kharkov region, established in 1969 on the plot being 50
years idle land. Agrochemical backgrounds have been created with periodical application of
high rates of fertilizers (400,800 and 1200 kg/ha of active substance) and systematical (yearly)
application of moderate fertilizers rates for all rotation crops.
The total applicated fertilizers quantity (on periodical and yearly applications) amounted in 4
crop rotations to: N - 1800, K2O -1800, P2O5-I8OO, NPK - 5400 kg/ha of active substances.
During investigations regular changes in physico-chemical properties of chernozems have been
established: in the NPK variant the content of exchangeable Ca decreased from 25.8 to 20.8
me/100g soil, or by 20%; hydrolytic acidity increased from 4.5 to 6.1 me/100g soil; salt pH
decreased from 5.4 before trial establishment to 4.7 after 4 rotations of the six-course rotation.
The calcium activity (a Ca) increases in the chernozem plow horizon under effect of inorganic
fertilizers from 1.86 me/1 on unfertilized background to 4.18 me/1 in the variant P 1800.
On the crop change in rotations (40% row crops and 60% cereal ear crops, without bare
fallow) losses of humus due to mineralization on the unfertilized background in the layer 0-20
cm after plowing of the lea amounted yearly to 1.0 t/ha. On the NPK background losses of
humus due to mineralization decreased and did not exceed 0.7 t/ha /year. Essential changes
in quality indices of humus have been noted.
Transformation of clay minerals of the silt soil part (montmorillonite, vermiculite and
mixed-layer formations), which were turned into chlorite, has been established.
The content of agronomically valuable aggregates (diameters from 10 to 0.25 mm) decreased
from 76% on the control to 60%, and their water stability decreased, accordingly, from 49%
to 36%. Soil-hydrological constants on fertilizers application changed slightly.
On fertilized backgrounds of NPK and P, the number of bacteria,assimilating mineral nitrogen,
and fungi increased,the invertase and phosphatase activity decreased.in particular on the
background of phosphorus fertilizers. In the aftereffect differences in microbiological
characteristics of chernozems on fertilized and unfertilized backgrounds were leveled down.
Forms of fertilizers (single superphosphat, potassium chloride and ammonium nitrate)
applicated in investigations slightly increased the content of heavy metals in the chernozems
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arable layer (ammonium acetate extract), mainly of zinc, iron, manganese,copper.
On the background of N 1800, the content of the total nitrogen increased in comparison with
the unfertilized background from 0.19 to 0.23 °/0. The content of mineral nitrogen, light- and
heavy-hydrolysable forms increased. According to lysimeter investigations, beyond the soil
profile (deeper then 110 cm) of heave-loamy chernozem the annual average nitrogen losses
on systematical applications of moderate rates (70-140 kg/ha) are 4-5 % of the application
amount.
The total phosphorus content increases on application of phosphorus fertilizers, in this increase
fractions of the most mobile phosphates forms. The degree of phosphate mobility by Schofield
(extract 0.02n CaCl 2) increased from 0.01 mg/1 to 0.09-0.12 mg/1 on fertilized
background,and phosphate potential (1/2 pCa + p H 2 SO 4) decreased from 7.12 to 6.59 at
the maximum high rate. "Residual" fertilizer phosphate maintains the high degree of mobility
during a long period (over 20 years).
Potassium in soil,however,during rotation change (on periodical fertilizer application)
processes of its transformation occur in unexchangeable and difficult soluble forms.
Discussion. Presented investigations evidence two opposited trends in the effect of fertilizers
on soil fertility : soils degradation on the one hand and rising of their effective fertility on the
other hand.
Chernozem soils differ by their high buffering capacity and regardless of application in the
course of investigations of high rates of inorganic fertilizers they maintain their typical genetic
characteristics.
Nitrogen fertilizers are the most dangerous for the en vironment,but low rates of their application
(70-80 kg/ha sown area) and developed methods of their application permit now to secure in
the Ukrainian chernozem zone ecologically safe technologies of nitrogen fertilizer^ use.
Combined application of inorganic fertilizers with organic fertilizers lowers the intensity of the
deterioration of chernozems physic-chemical characteristics.
Along with this it is necessary to note the improvement of chernozems nutritive regime under
effect of fertilizers, particularly increase of soluble phosphorus form supply,which is the
important index of their effective fertility.
Thus, application of moderate rates of inorganic fertilizers in Ukrainian chernozems is justified
by economical effect and represents no hazard for environment on the condition of use of
scientifically substantiated technologies.
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Abstract.. Application of inorganic fertilizers on Ukrainian chernozems secures 25-30% yield
gain.
In a long-term experiment the content of exchangeable calcium in chernozem decreases, the
hydrolytic soils acidity increases and the salt pH decreases The calcium activity in variant
P 1800 increases by two times.
Fertilizers lower rates of humus mineralization in comparison with the unfertilized background.
There occurs the transformation of clay minerals ( montmorillonite, vermiculite) on fertilized
backgrounds, the content of agronomically valuable aggregates (diameter from 10 to 0,25mm)
decreases.their water stability decreases.
Application of fertilizers favors increase of number of nitrogen assimilating bacteria,lowering
of invertase and phosphatase activity, particularly on the background of phoshorus fertilizers.
Periodical and systematical application of inorganic fertilizers increases in chernozem its total
nitrogen content, also of its mineral and readily available forms i there accumulate "residual"
fertilizers phosphates in soil, which differ from the natural forms during a long period (over 20
years) by higher degree of lability.
Application of moderate rates of inorganic fertilizers (70-80 kg/ha sown area) on Ukrainian
chernozem is justified by economical effect and is no hazard for the environment under
condition of use of scientifically substantiated technologies.
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Introduction. Because soil native reserves are naturally low, have been depleted or lost due to
unsatisfactory soil and crop residues management, or are unsufficient to cope with plant demand
after land rehabilitation, most cultivated soils in the world require the application of certain
fertilizer materials, mainly NP. If maximum possible yields (MPY) are to be attained at each
particular site, the difference between plant nutrient demand and soil nutrient supply must be
eliminated. Most fertilizer rates have been derived from field experiments where the response to
increasing nutrient application has been tested (Rodriguez, 1993). Several criteria based on this
empirical approach are known (Etchevers et at., 1990): from basic extrapolation of one site results
to generalized production functions. An intermediate technology based on the analysis of groups
of fertilizer response experiment has resulted in recommendations applicable to agrosystems
(Turrent, 1978) or domains (Cimmyt, 1988). Crop fertilizer response can be related to results of
soil test to determine the sufficiency level of the available nutrients (SLAN) and soil fertility
classes established. This approach is the most widely used criteria for fertilizer recommendation.
All the empirical approachs has drawbacks, the most important being that fertilizer
recommendation are not site specific, with the exception of soil testing (provided that good quality
calibration has been conducted). Other commonly mentioned objections are: the high cost of
conducting a great number of field experiments and testing the soil; the number of years required
for measuring the environmental (soil, and climate) variation; lack of calibrations and of reliable
analytical facilities; inefficient communication services between the farmer and laboratory; etc. Trie
fact that the question of how much fertilizer must be applied to crops still remains in many third
world countries indicates that the problem has not been solved yet. The need to apply appropriate
fertilizer rates cannot be underplayed because of the economics and environmental implications of
the practice. Several comprehensive models for making crop fertilization decisions (Decide,
Conforth and Sinclair, Yagodin) were published in the 70's. These were attempts to place
together most of the empirical knowledge adquired until that period. Latter on that decade and the
beginning of the next appeared the first rational model on soil nutrient dynamics (Wageningen,
Texas) opening the door to crop nutrient simulation (cf. Rodriguez, 1993). The objective of this
series of communications is to present an alternative to the empirical method presently used to
produce fertilizer recommendation. It is based on the understanding of the functioning of the soilplant-climate-fertilizer system. The proposed systemic or rational approach is cheapper, requires
shorter time to be generated (usually less than a year), it is easy to operate, and it can be applied
either to small production units or to extensive homogenous areas.
Theory. Our interest was on a simplified rational model that could be easily applied to solve
practical situation of crop fertilization. The principal condition imposed to the model was that it
should be based on a reduced number of parameters related to the principles and processes
determining crop nutrition. The parameters should be easily collectable or susceptible of being
generated in a short period. However, the model could make use of empirical parameters when
the data were not available. Also the proposed model should be efficient and be able of describing
the system, as well as easy to validate with few field experiments in boundary conditions.
The model considers that the fertilizer rate depends on the balance between the crop nutrient
needs (DEM) and the soil capability to satisfy such a need (SUP). If DEM for NP is met by the
soil, ie. a superavit condition exists, there is no need for fertilizer application. However, in most
cases the SUP does not satisfy the DEM, i.e. a deficit condition exists or DEM>SUP, and the soil
must be supplemented with appropriate fertilizers. The model also considers the efficiency of the
applied fertilizer.
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Nutrient deficit
Fertilizer rate=
Fertilizer use efficiency
The DEM is a function of the aerial biomass (BI) of a crop and the internal nutrient requirement
(IR): DEM=BI x IR. From the agronomic and economic point of view the target BI for any
particular situation must be the one allowing to reach MPY or near MPY at a selected probability
level. Maximum BI production is a function of the genetic potential of a plant tempered by the
physical constrains impossed by the environment (soil and climate) when all the others growth
factors are at an optimum. The BI can be estimated using complex models (like CERES),
however, that is not always possible due to lack of appropriate data. An alternative procedure is to
calculate BI using the harvest index (HI) and an estimate value for MPY. The MPY can be
estimated from known empirical relationships between this parameter and a growth factor that
restrict yield (soil available water, rainfall, water deficit, etc.) or as a last resource from
information given by the farmers (Galvis et al., 1993). The IR, ie. the minimum nutrient
concentration in the BI to achieve MPY, of the principal annual crops are usually known from data
reported in the literature (<ƒ. Rodriguez, 1993).
The SUP depends on the availability of a soil nutrient (AN), which is a function of the soil
nutrient subsystem (Figure 1), and on the efficiency of a plant (related to its root density) to uptake
the available nutrients. This efficiency is taken into account by a coefficient (Ea): SUP=AN x Ea.
In the case of nutrient which are mobile in the soil Ea=l. If finding appropriate parameters to
rationally calculate AN is not possible, empirical indexes can be used. Olsen-P has been used in
our works.
Extraction
Crop uptake
Crop residues "
Soil solution

~\Biomi i&J
Fertilization
|Stable pool

1 1

Active pool
Losses

Figure 1. General soil nutrient subsystem
Modelling the fertilizer use efficiency requires different approaches depending on the mobility
and reactions of the nutrient in the soil. Leaching and denitrification are considered in the case of
N, while adsorption, diffusion, Ea, and applied techniques were taken into account in the case of
P.
In the following papers a detailed description of practical application of the model is given.
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Background. Crops yield is one of the components of the production system. Its maximum
expression (MPY) is determined by soil and climate variables (uncontrolable factors), and by
management practices (controlable factors). The latter effects are minimized when proper technology
is used. The most limitative production factors are the ones determining a crop MPY. The nutrients
requirement concept (DEM) is implicit in MPY. As a result, any variation in soil-climate conditions
that has an impact in MPY, will affect DEM.
In order to quantify DEM at a regional level (with a given probability), the environment is
stratified in homogeneous MPY units, so that homogeneous DEM units are obtained (Galvis, 1990:
Rodriguez, 1993). A major determinant of crops MPY is the water status (deficit or excess). The
hypothesis for environmental stratification is therefore based on the water balance (climate, soil), of
critical periods of the crop development. This allows to establish a relationship between production
and the physical environment when the crop management is optimum. When the available
information is not sufficient or appropriate, it is possible to obtain an approximation of MPY from
farmers to quantify DEM.
Procedure: Step 1. The following information is collected: (a) soils, to estimate their water
holding capacity (CAA) [fiel capacity (CC), permanent wilting point (PMP), bulk density (DA) and
effective rooting depth (PF)], and (b) climatic, [evapotranspiration (ET) and rainfall (PE)], in order to
calculate evapotranspiration deficit (DE).
CAA= [(CC-PMP)/100*DA*PF
DE=(ET-PE)/ET
Step 2. The DE and CAA of various sites is related (regression) to the yields of experiments
carried out in the same sites (Galvis et al. 1993). A family of curves is obtained between MPY, DE
and CAA (Figure 1).
Step 3. The area is stratified according to the soil and climate factors which are most limiting as
identified in the previous step. ET and PE are expressed on probabilistic terms, usually 80% of
ocurrence. These will generate homogeneous units of MPY (Figure 2).
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Figure 1. Relationship between MPY, DE and CAA

Figure 2. Isolines of DE, related to MPY at
80% of probability

Step 4. Knowing MPY, the dry matter biomass (BI) of the crop (without including roots) is
estimated. The following equation, is used:
BI= [MPY*(1-H)]/HI
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H is the water percentage of the MPY and HI is the harvest index. The HI is an allometric value
with a physiological meaning. Its value is dependent on the fraction of the metabolic energy used by
the crop to generate the organic products needed for its development (Sinclair and de Wit, 1975).
The main determinants of HI are crop dependent such that for tubers it is 0.6 to 0.7, for cereals
equals 0.4 to 0.5, for grain legumes 0.2 to 0.3 and for oil crops less than 0.3 (Rodriguez 1993).
Step 5. DEM is calculated with the following equation:
DEM=BI*IR
IR is the internal nutrient requirement of the crop or the minimum concentration of a nutrient in BI
needed to reach the MPY. The IR of N and P decreases with plant age. This is due to an increased
proportion of the photosyntates used for structural support. The relationship between the rate of
formation of proteinaceous materials and structural compounds formed in the plant is allometric.
The protein, expressed as a percentage of N of the BI decreases with crop development according to
the following expression (Greenwood et al, 1986):
NIR= 1.35 [1+3 exp(-0.26*BI)]
NIR is the IR of N (%). BI is given in ton ha-1. This function gives the optimum concentration of
N required to reach a maximum production at any crop stage. A similar expression has been
established for PIR (IR of P, %) by Pinochet (1988):
PIR=0.16[l+2 exp(-0.21*W)]
The previous equations show a close relationship between N and P (N/P about 10) what is taken
as an evidence of the metabolic origin of the IR of crop nutrients.
Table 1 shows an example of calculations of N and P demanded by maize, barley and alfalfa at
MPY, in the State of Tlaxcala, Mexico.
Table 1. Relationship between MPY, BI, DEM of N and P for maize, barley and alfalfa in
Tlaxcala, Mexico.
MPY

BI

kgMS/ha
2000
3900
3000
5600
4000
7400
5000
9300

DEM-N

DEM-P

kglWia
39
56
74
93

kgP/ha
7
10
13
17

The DEM of N of a crop is dependent on the status of the production system. When this is in
equilibrium through long term agronomical practices, to estimate DEM, the root biomass (BIR) has to
be included in the calculation of BI (Rodriguez, 1993). The BIR for cereals is 15% and for tubers is
6%. When the production systems are not stabilized, i.e. the soil nitrogen is not in equilibrium, the
BIR contribution is not significant In the case of P, the BIR contribution is not considered because
the P in them is not relevant (Rodriguez, 1993).
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Introduction. The climatic and soil factors conditioning maximum possible crop yield (MPY)
fluctuate within arbitrarily established limits of probability which are conveniently selected. These
factors originate homogeneous units of nutrient demand (DEM) (Galvis et al., 1994). Within each
unit the crop response to fertilizers is variable due to the changing supply of soil nutrients (SUP) as
affected by agricultural practices.
SUP changes with time until the equilibrium in the N and P levels is reached. In monocultures
production systems where man controlled growth factors are highly homogeneous, the SUP may
reach an equilibrium after 30 to 40 years. This fact allows to consider SUP a constant value in each
unit of DEM (Rodriguez, 1993) and therefore fertilizer recommendations should also be constant.
However, if SUP changes due to management practices the fertilizer recommendations will also
change. This is the most common situation in crop production systems with heterogeneous
management and crops, SUP is a site specific variable.
An efficient planning of fertilizer recommendations at the regional level requires a quantification of
the nutrient dynamics on each unit of DEM, i.e. the SUP and the fertilizer use efficiency (FUE). In
the characterization of SUP and FUE, specific measurements of the processes involved are required
(specific adsorption, intraparticle diffusion, buffering capacity, etc.), however, ad hoc easy to
determine previously calibrated routine indexes can be used. This complementary stratification of the
physical framework is known as agroecosystem.
The agroecosystem has its origin in the human intervention on the natural ecosystem. The latter
has different organizational and functional levels which contains consumers and producers . Matter
and energy flow in a relatively open way through these levels. The objective of the agroecosystem is
to provide plants and animals readily usable in a sustainable way (Hernandez, 1981).
The N dynamics changes according to the type and management of the agroecosystem. The SUP
of N is estimated from the residual N from the previous year inorganic N fertilization (FN) plus the N
in the residues of the previous crop (NRES ). The simplified model does not consider other inputs
such as rainfall, soil depositions, etc. It is based on the fact that after several years of cropping
NRES and FN, keep constant the soil N supply (SUP-N). At the same time N is lost through
various ways such as leaching, denitnfication, immobilization; these variables determine the FUE of
N (NUE). SUP-N reaches an equilibrium after a given time depending on N supply and the soil
temperature and moisture (Jenkinson and Smith, 1988). When the agroecosystem is not at
equilibrium, SUP-N is estimated from the potentially mineralizable N fraction as well as from the
rates of mineralization (Rodriguez and Matus, 1989).
To determine the SUP of P (SUP-P), the initial P is analyzed by the Olsen-P method. This
method allows P extraction from soils having different chemical and physical properties and, in
addition, correlates well with plant growth and crop response under various conditions (Barrow,
1983). Finally, Olsen-P is converted to absorbable kilograms of P per ppm of Olsen-P (Ea),
according to the root density of the crops (Rodriguez, 1993). FUE of P (PUE) is a parameter related
to the type of soil and type and management of the agroecosystem.
Procedure: NITROGEN: The estimation of the SUP-N (Table 1) is based on the concepts of
equilibrium previously discussed, so that its value is equivalent to NRES plus 15% of FN. This
percentage represents the N immobilized by the soil microorganisms (Rodriguez, 1993):
SUP-N = 0.15*FN + NRES
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Table 1. Calculation of SUP-N for maize, barley and alfalfa for different MPY, NRES at various
levels of FN (kg N ha-1) in Tlaxcala, Mexico
Previous
crop

MPY

RES +
roots

NRËS

SUP-N
FN

0
40
ton/ha- -kg/haMaize
2.0
0.9
6
12
Maize
4.0
2.3
16
22
Maize
6.0
3.6
25
31
Barley
2.0
1.3
9
15
Barley
4.0
2.6
19
25
Alfalfa
10.0
5.0*
120
120
*Only root contribution when alfalfa is incorporated.

So

120

28
37
31
-

43
-

FUE is estimated as a function of the expected N leaching (0 and 15%), assuming an optimum
fertilization management Immobilization and denitrification are considered constant adding up to a
40% in total. FUE range is estimated between 45 and 60% in crops of temperate tropic and semi-arid
climates.
PHOSPHORUS : The analysis of the Olsen-P is a net index of SUP-P, which involves the
fertilization history, and the contribution of the residual effect and the intemperization of the minerals.
Ea is constant for groups of crops according to their root density, and is obtained empirically: for
tubers 1.0; for grain legumes and oil crops 1.3 and for cereals 1.7 (Rodriguez, 1993):
SUM-P= ppm P-Olsen* Ea
To estimate PUE the fast adsorption reactions (KPo), intra-particle diffusion (KP) of P in the soil,
Ea and the P application (Em) (Rodriguez, 1993) are considered (Table 2).
Table 2. PUE for soil types, crop groups and EM.
5Ö3

KPo

KP

Tubers
EM-V

ppm/kg
Andisol
0.08
Ultisol
0.11
Vertisol
0.14
Entisol
0.20
Em-V= broadcasted

Oleaginous and
legumes
EM-V EM-B

EM-B

EM-V

EM-B

8.0
11.0
15.6
23.5

10.7
17.0
23.5
35.2

ic

•

0.56
4.7
7.1
0.60
6.7
10.0
0.64
9.2
13.8
0.69
13.8
20.7
= 1.0; Em-B= banded =1.5

Cereals

6.1
8.7
12.0
17.9

9.2
13.0
17.9
26.9
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Introduction. The variability of response by crops to fertilization from one year to another or
from one area to another, as a consequence of climatic fluctuations and/or diversity of soils, creates a
complex methodological problem for the establishment of fertilization patterns . It is necessary to
find options which would, from a pragmatic standpoint, supply fast and reliable results.
One alternative approach is the use of simple conceptual models. They link the development of
basic research with the empiricism that prevails in the studies on crop nutrition. The simple
conceptual models use a few parameters that are easily validated and which represent the main
processes that determine crop nutrition. When analytical information is lacking, empirical parameters
derived from experimentation are used. This allows simulation or explains, in a conceptual mannci
crop response to fertilization in any given case (Rodriguez, 1993).
As a first step, it is necessary to state a set of hypotheses on the nutritional dynamics of an
agricultural area. Afterwards, the paiameters required to describe its behavior in the structure ut the
production system are established. The results are validated in field conditions, whether by means 01
experiments that have been previously carried out, or are carried out on purpose.
Procedure. The simplest expression of the model proposed to generate fertilization patterns is the
following: RATE = (DEM-SUM)/FUE
RATE= Amount of nutrient to be applied; DEM= crop nutrientrequirement;SUM= Nutrient
supplied by the soil; FUE= Fertilizer use efficiency.
The development of this methodology consists of five stages: a) Characterization of the parameters
necessary for the stratification of the region in agroecosystems, uncontrolled factors (Galvis et al.
1993). b) Detailed quantified hypothesis specifying the known information on the agroecosystems
stratification of the region, homogeneous DEM and FUE (Galvis et al., 1994; Hernandez et al.,
1994). c ) Estimation of nutrients requirement and of the fertilizer use efficiency based on the
agroecosystems determination (Hernandez et al., 1994). d) Estimation of the fertilizer
recommendations for the different agroecosystems (Etchevers et al., 1994). e) Validation of the
estimated fertilizer recommendations by means of a small number of experiments on rate of fertilizers
application carried out at the main agroecosystems (Galvis, 1990; Rodriguez, 1993).
N response curve obtained in field experiments conducted with the purpose of determining the
optimum economical rate (OER) for N, were used to validate the model. For P and other non mobile
nutrients, the residual effect of the nutrient has to be taken into account for OER. The following
parameters are required to validate the prediction of the fertilization patterns (Galvis, 1990):
a) Agroecosystems (nutrientrequirementand fertilization efficiency index).
b) Absorption efficiency (crop or crops).
c) Stubble from the former crop (N supply).
d) Former nitrogen fertilization (N supply).
e) Chemical analyses (supply of P, K, etc.).
0 Fertilization use efficiency (Efficiency index of the fertilization in the agroecosystem).
Estimation of N and Prates:The recommendation of a single fertilizer rate per agroecosystem is an
adequate technology transfer practice for relatively homogeneous agriculture systems in its
management and capital availability (Table 1). However site specific recommendation are highly
desirable in agroecosystem with different management practices.
NUE was estimated as 0.60, taking into consideration the N supplied by roots, and the PUE as
0.32 for an Entisol. DEM-N was calculated considering a NIR=1.0% N, while for DEM-P an PIR
of 0.16% was used. The maize HI was assumed equal to 0.46.
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Table 1 Estimated fertilizer rates for maize having different MPY, SUP N, and SUP P.
MPY DEM-N DEM-P
SUP N (kg/ha)
SUP P (ppmP-Olsen)
20
6
9
12
15
40 60 80 120 3
ton/ha
-kg/ha
•Rate of N (kg/ha)--Rate of P (kg^a)2.0
5
43
7
35
19
4.0
85
14
100 69
66
38
8
29
6.0
166 135 105 74
128
21
12 121 84 48
11
*NUE == 0.00; PUE = 0.32
The fertilizer rates are fixed by the SUP at the same value of DEM . In a monoculture system,
SUP-N is partially determined by MPY, since the amount of stubble and the former fertilization are
dependent on the agronomical practices in previous crops.

<3

3-4

4-5

0-4

>5

4-8

8-12

P-Olsen, ppm

Maize yield, ton/ha
Figure 1. Validation of N rates for maize
(dark=observed; shadow=predicted)

Figure 2. Validation of P rates for maize
(dark=observed; shadow=predicted)

N rates (DN) estimated by the proposed approach (predicted) for maize grown in Tlaxcala correlated
significantly (r=0.85) to DN determined by the field experiments methodology (observed). Figure 1
shows predicted and observed DN distributed by yield classes. A comparison between predicted and
observed P rates (DP) for maize is shown in Figure 2. Predicted DP did not correlate to observed DP at
low levels of available-P (< 4 ppm P-Olsen), however, the correlation was closer at higher P levels.1 The
lack of agreement at low P-levels was attributed to experimental errors; sites yielding 6 Mg ha com
tested only 2ppm P-Olsen, a result agronomically unsound (Galvis, 1990).
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Balanced Plant Nutrition: Simultaneous Optimization of
Environmental and Financial Goals
B.H. Janssen, W.G.Braakhekke and R.L.Catalan. Department of Soil Science
and Plant Nutrition, Wageningen Agricultural University, P.O. Box 8005, 6700
EC Wageningen, The Netherlands
Introduction. In the soil, nutrients are made available to crops by processes like
mineralization of organic matter and weathering of minerals. Further, nutrients may be added
to the soil by the application of fertilizers or manures, by dry and wet deposition, biological
nitrogen fixation and flooding. Crops do not necessarily absorb all potentially available nutrients. When nutrient supply ratios do not match nutrient demand ratios, only nutrients in short
supply are efficiently taken up. In heavily fertilized soils the quantity of available nutrients
may be so large that only a part of it can be absorbed by crops. As a consequence, a
considerable fraction of the other potentially available nutrients may remain in the soil and
be prone to immobilization, leaching and volatilization. Nutrients not used by the crop
constitute a financial loss for the farmer and may become a burden on the environment.
Shortage as well as surplus of a nutrient may be the cause of imbalance in supplies. If
farmers, forced by governmental measures, strongly reduce the application of one nutrient,
they may create a relative surplus of others, which will then be used inefficiently.
To calculate nutrient losses and yield reductions due to nutrient imbalance, a quantitative
approach was developed based on a model to evaluate soil fertility and the response of crops
to fertilizers (Janssen et al., 1990; Janssen and Guiking, 1990). So far only N, P and K have
been taken into account.
The following concepts are used:
potentially available supply (S) of a nutrient: maximum uptake of that nutrient,
obtained when all other nutrients and growth factors are at optimum (this procedure
cannot be used for soils supplying more nutrients than are required for highest
possible crop production as depending on weather and crop properties);
nutrient uptake efficiency: ratio of actual nutrient uptake (U) to nutrient supply
(UN/SN, UP/SP, UK/SK);
nutritional balance: the combination of SN, SP and SK that gives the maximum value
of the average nutrient uptake efficiency (1/3 * (UN/SN + UP/SP + UK/SK));
nutrient supply equivalent: the supply of a nutrient that has the same effect on yield
as one kg of nitrogen supply.
Methods. The model calculates efficiency of nutrient uptake, crop yield, and financial returns
from application of fertilizer, for any combination of SN, SP and SK. It also calculates the
optimum nutrient supply ratios from nutritional, environmental and economic point of view.
The value of uptake efficiency of a particular nutrient depends on the supplies of the other
nutrients. For the calculation of nutrient uptake efficiency (U/S) a parabola (Eq. 1) or an
exponential equation (Eq. 2), relating actual uptake (U) to supply (S), may be used. They are
partly based on theoretical considerations and partly on the results of field trials. Experimental
data showed that Eq. 2 gives the better description (Smaling and Janssen, 1993).
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U = C + S-0.5qS2
U = m S exp.(-n S)

(1)
(2)

Given the actual uptakt s of N, P and K, empirical relationships are applied to calculate yields
corresponding to maximum accumulation and maximum dilution of N, P and K in the crop.
The thus found three yield ranges are combined for the final estimation of yield in such a way
that the estimated yield lies in the common overlap of the ranges (Janssen et al., 1990).
An optimization procedure is used to find the ratios of SN, SP and SK for nutritional balance.
They eventually depend on relationships between actual nutrient uptake and yield.
The optimum ratios of SN : SP : SK serve as weighting factors for the calculation of
weighted nutrient supplies. If the optimum nutrient ratios are a : b : c, the values of the
weighted supplies are: SNw = SN, SPw = SP * a/b, SKw = SK * a/c. In the case of maize
the values of a/b and c/b proved to be 7.8 and 5, respectively. So, a supply of 1 kg P is
equivalent to a supply of 7.8 kg N, and a supply of 1 kg K to 7.8/5.8 = 1.34 kg N
The nutritional balance represents a physiological as well as an environmental optimum,
because the ratio of yield to the sum of weighted nutrient supplies is maximized, and the
amounts of nutrients remaining in the soil are minimized.
The physiological optimum forms the starting point for the calculation of the economically
optimum fertilizer combination. The procedure consists of repeated calculations of yields and
financial returns to different combinations of N, P and K, till the combination with the highest
return has been found. Prices of fertilizers and produce should be known.
Model output and results. The economic optimum proves to be close to the physiological
or environmental optimum, provided price ratios are not too extreme. When one fertilizer is
much cheaper than others, it is economically profitable to apply high rates of the cheap
fertilizer. This results, however, in unbalanced nutrition, and accumulation of the cheap
nutrient in the ecosystem. If, for example, K fertilizers are very cheap compared to P
fertilizers, highest net returns are found for application rates of P and K, such that P is diluted
in the crop, whereas K is accumulated in crop and soil.
The model output may be summarized in a triangular diagram, with weighted nutrient
supplies along the sides. At each point in the diagram the sum of weighted nutrient supplies
is 100 nutrient supply units. The maximum yield or the maximum nutrient efficiency is found
in the centre, and iso-yield lines have the shape of concentric triangles with rounded angles.
Literature
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A Nutrient Balance Model to Determine Fertilizer
Recommendations for Crops
V. Volke H., and J. D. Etchevers B. Department of Soil, Colegio de
Postgraduados, 56230 Chapingo, Méx., México.
Introduction. Among the approaches to determine fertilizer recommendations for crops, the
nutrient balance model has some advantages, related with: 1) it considers the production system
constituted by soil, plant and climate; 2) its smaller demand of resourses and time for its
implementation; 3) its greater precision of recommendations; and, 4) its applicability at
practice. According to the model, the quantity of fertilizer for crops is equal to: the quantity
of the nutrient that crop extracts of the soil, minus the quantity of the nutrient that is
supplied by soil, and considering an efficiency of availability of the nutrient applied to the
soil as fertilizer (Rodriguez, 1990).
The present work corresponds to the application of a nutrient balance model to determine
recommendations of N, P and K. for dryland corn in the region of NochixtlSn, Oaxaca, México.
Materials and Methods. The information used corresponds to 82 farmer plots of dryland corn, wich
were sowed in different soil and climate conditions of production. The extraction of nutrients
was determined by: 1) the yield of grain and straw, considering the root production about 15% of
the grain more straw production; 2) the internal requirement, wich was estimated by the average
nutrient content of crop at physiological maturity; and, 3) the harvest index (grain/(grain more
straw relation). The nutrient supply by soil was estimated by: 1) for N, the total N of soil and
the N contribution of crops residues and manure; 2) for P, the content of Olsen P of soil; and, 3)
for K, the content of exchangeable K of soil. The efficiency of fertilizer was estimated
considering the quantity of nutrient applied as fertilizer and the quantity extracted for the
crop.
Furthermore, in each plot it was considered: 1) soil properties, as: pH, electric
conductivity, organic matter, sulfur extractable, carbonates, texture, depth of soil and soil
type; 2) observations of crop drought; and, 3) several crop management factors, as: sowing date,
variety-crop system, plant density, inorganic and organic fertilization, and plagues.
With the recolected information, by regresion analysis it was proceeded to estimate response
functions for 1) harvest index, average nutrient content of the crop and efficiency of fertilizer, as function of soil, climate and management factors and the grain and straw yield; 2) the
quantity of nutrient extracted for the crop, as function of the grain yield, the harvest index and
soil, climate and management factors that affects the internal requirement, the nutrient supply by
soil and the efficiency of fertilizer; and, 3) yield of grain, as function of soil, climate and
management factors, for estimating the expected yield of the crop.
Results. The harvest index was related with grain and straw yield, variety-crop system, plant
density, sand of soil and crop drought, with a R equal to 0.644; the average nutrient content of
the crop was related with: 1) for N, grain yield, harvest index, manure application, total N of
soil and N fertilization, with a R equal to 0.347; 2) for P, gram yield, harvest index, Olsen P
of soil, pH and carbonates of soil, and P fertilization, with a R equal to 0.450; and, 3) for K,
harvest index, exchangeable K of soil, and N and P fertilization, with a R equal to 0.463.
The efficiency of fertilizer was related with: 1) for N, grain yield and N fertilization, with a
R equal to 0.921; and, 2) for P, grain yield, Olsen P of soil, pH of soil and P fertilization,
with a R 2 equal to 0.809.
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The nutrient extraction of the crop was related with: 1) for N, grain yield, harvest index, manure
application, total N of soil, Olsen P of soil, and N and P fertilization, with a R equal to
0.943; 2) for P, grain yield, harvest index, total N of soil, Olsen P of soil, exchangeable K of
soil, pH of soil, and N and P fertilization, with a R equal to 0.948; and, 3) for K, grain yield,
harvest index, exchangeable K of soil, and N and P fertilization, with a R 2 equal to 0.924.
The grain yield was related with: total N of soil, Olsen P of soil, sand of soil, N and P
fertilization, and crop drought, with a R equal to: 0.910 for N and 0.881 for P.
Conclusions. According the hight fits of the response functions for crop nutrient extraction and
for grain yield, it was concluded that the nutrient balance model testing was appropiated to
predicte the recommendations of N, P and K for dryland corn in the region of Nochixtlan, Oaxaca,
México.
Literature cited
1. Rodriguez S., J. 1990. La fertilization de los cultivos: un método raional. Facultad de
Agronomia, Pontificia Universidad Católica de Chile, Santiago, Chile.
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Amelioration of nutrient imbalances in declining
forests of Upper Austria
R o b e r t J a n d l a n d Klaus Katzensteiner. Austrian Forest Research
Institute, Seckendorff - Gudent Weg 8, A-1131 Vienna, Austria; 1
Institute of Forest Ecology, University of Agriculture, Peter Jordan Strasse 82,
A-1190 Vienna, Austria
Introduction. Needle yellowing due to magnesium deficiency is common in Central European forests growing on soils developing on granitic bedrock [1] [2].
Fertilizers consisting of readily soluble Mg salts usually add mobile anions and
in the worst case lead to irreversible acidification pulses due to leaching. Carbonate fertilizers add alkalinity to the soil but can cause nitrate leaching due to
temporarily enhanced mineralization. Dolomite based fertilizers often perform
poorly in regard of Mg release. The purpose of this experiment was to test
moderate- to slow-release Mg fertilizers.
Materials and Methods. BIOMAG2 , a group of magnesite-based granular fertilizers of different solubilites, was'applied to a 60-year-old montane Mg deficient
Picea abies (Norway spruce) forest in Upper Austria in 1989. Historic maps suggest that the site was previously in agricultural use. Soil solution samples were
collected biweekly during the snow free periods of 1989 to 1993, using suction
cups from Soil Moisture Corp, and analyzed for Ca2+, Mg2+, Altot, NO^ , S04~
and pH. Nutrient contents of needles were analyzed annually. The speciation
of the soil solution was analyzed by programs [3] [4].
Results and Discussion. BIOMAG increased mineralization processes in the
upper soil, nutrient concentrations in the soil solution and nutrient content in
tissues of P. abies. Sustainably enhanced Mg and Ca in the soil solution were
coupled with lower concentrations of Aliot, thus decreasing a potential stressor
for trees (see figure 1). Although present day air pollution leads to moderate N
deposition loads, many forests of this area are still N deficient. Consequently N
was readily taken up and no nitrate pulse to subsoil horizons occurred. A slight
increase in pH facilitated enhanced nutrient absorption by roots and released
absorbed sulphate from subsoil horizons. The increased concentrations of Mg2+
and Ca2+ relate to components of the fertilizers of different solubility. 5 years
after the fertilizer application the Altot concentrations are low and formation of
complexes with organic ligands inhibits toxic levels of Al3+. Nutrient content
of needles show that uptake of Mg2+ from the soil improved.
Conclusions. Amelioration of declining forests in areas of recently enhanced
deposition load can be accomplished by fertilization, especially if the nutrient
release from the fertilizer can be moderated. Components of BIOMAG with
their different solubilities achieve this goal. Small changes in soil solution pH
were accompangied by improved ion balances in the soil solution. Results of the
experiment are used to generalize the findings of our particular experiment for
cases, where fertilization is expected to have beneficial effects on tree vigor.
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Modification of Mitscherlinch-Bray Equation for
Efficient Fertilizer Use Under Semi-Arid-Tropics
A.R. Bangar. Department of Agricultural Chemistry and Soil Science, College
of Agriculture, Pune - 411 005, Maharashtra. India

Introduction. Soil moisture is the exhilarating supreme heritage
for ustic moisture regimes of dryland vertisols. The fertilizer rates
need to be rationalised in relation to crop water supplies. Hence,
it was thought worthwhile to examine the feasibility of encompassing
stored available soil moisture as one of the new components in
Mitscherlich-Bray (1958) equation for fertilization of dryland crops.
Materials and Methods. The field experiments were conducted by
using graded levels of N and P for three y e a r s . The MitscherlichBray (MB) equation was modified by incorporating available soil
moisture as one of the new components and tested in a field experiments
for two years. The experimental site was located at the Dry Farming
Research Station, Solapur.
Results and Discussion. The Mitscherlich-Bray equation v i z . ,
log(A-y)=logA-C]b-cx was based on the principle that the native
and added nutrients comprehended different efficiency factors. H o w l e r ,
as the nutrient availability both from soil and added nutrients,
is a function of available soil moisture, the original MitscherlichBray equation was modified as Co

ioglA-y)=logA-

s (cib+cx).
M
The C2 is the efficiency coefficient for stored available soil moisture
and M is stored available soil moisture at seeding (mm~l m soil
d e p t h ) . The C2 is based on comprehensive soil test research
programme, including large number of field experiments, having
similar soils and crop management practices and differing as much
as possible in their content of available nutrients and commodius
variations in environmental conditions. The validity of the equation,
as tested through follow up trials mainfested that, the modified
Mitscherlich-Bray (MBB) equation was significantly superior in nutrient
uptake and biomass production of sorghum followed by MitscherlichBray, six tier of Bangar and Zende, farmers' practice and control.
The overall averages indicated that the MBB, MB and six tier resulted
into dilating the values in percentage to the tune of 51,33,37.32
and 22.59 for grain; 46.48, 34.56 and 20.92 for stover; 71.51, 53.72,
and 41.40 for N uptake and 103.34, 87.34 and 60.69 for P uptake,
respectively over farmers' practice. On the basis of soil moisture
and soil tests through new Mitscherlich-Bray-Bangar equation, the
fertilization schedule for dryland crops particularly for sorghum
was worked out and presented.
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In order to achieve high percentage relative yields ( >75%), the
new equation can very well be suited under the conditions of low
to high soil fertility. This has an added advantage over MB equation,
because in determining fertilizer requirements under high build up
of available nutrients in intensive cropping, the better use of MB
equation was questioned as contended by Hagin and Tucker (1982).
In addition, the new MBB equation could be served as a wonderful
tool for fertilizer recommendations based on c. c± and C2 constants
for the crops particularly grown under the conditions of stored
receding soil moisture of semi-arid tropics (Dryland).
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Quadratic model for fertilizer recommendation
B. van Raij and H. Cantarella. Institute) Agronömico, Caixa Postal 28, 1300J-970
Campinas (SP), Brazil.
Introduction. The establishment of quantitative relations between crop yields and amounts of
applied nutrients is essential for fertilizer recommendations A model was developed that uses yield
goals, results of soil analysis, and cost/value ratios for the calculations of amounts of nitrogen,
phosphorus, and potassium to apply to crops.
The quadratic model. The second degree polynomial used for N, P, and K, is represented by:
Y = a 0 + a i X + a2X

(1)

The coefficients of this equation are calculated by:
a

0 = Y 0 = Ym x

SI

(2)

2(Ym-Y0)
l

•

(3)

l
X

m

"(Ym'

Y

0)

a2 =

(4)
A
X

m

2

In these equations, Y m stands for maximum yield, X m is the quantity of applied nutrient
correspondent to the maximum yield, YQ is the yield without application of the nutrient, and SI is
the sufficiency index, calculated from soil analysis calibration curves.
The most economical rates of a nutrient is given by:
a j - (c/v)
Xe =

(5)
2(-a2)

The cost/value ratio, c/v, for corn, was taken as 7 for N, 8 for P2O5, and 4 for K^O, considering
prices practiced in Brazil.
The model was applied to the results of 25 NPK field experiments with corn.
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Results and discussion. The maximum yield, Y m , can be considered, for practical application of
the model, as the yield goal, thus an independent variable. This is a key point of the model, which is
used to calculate crop responses to applied nutrients and not actual yields. For the 25 experiments
a significant correlation was observed between Y m and soil P (r = -0.53 ) and it was employed to
predict maximum yields.
The amount of nutrient that produces maximum yield, X m , is determined from experimental data
and must be built in into the model. The determination of X m is difficult, because of the asymptotic
nature of response curves. For the experiments considered, the values of X m , in kg/ha of the
nutrients, were given by N m = 0.02 Y m , P m = 100 - 50 SI, and K m as 50 for IS > 0.90, 60 for IS
between 0.70 and 0.90, and 70 for IS < 0.70.
The sufficiency index was calculated by soil analysis calibration curves, using organic matter for
nitrogen, resin extractable P for phosphorus, and exchangeable K for potassium. Correlations were
significant for P (r = 0.70 ), and for K (r = 0.81 ) and non-significant for organic matter (r =
0.22), but used even so to illustrate the use of the model for all three nutrients.
The response curves (equation 1) of corn to applied N, P, or K were generated by the use of
equations 2, 3, and 4 for each nutrient. Most economical rates, associated with maximum
economic yields per area, were calculated by equation 5 and cost and profits were calculated
substituting X e in equation 1. Model estimated values of the most economical rates of the nutrients
and yield increases were, on the average, similar to experimental values for nitrogen, but higher for
phosphorus and potassium. However, profits estimated with the response curves, considering the
experimental optima or the most economical rates given by the model, were quite close. The
highest profits were due to nitrogen, the nutrient that presented the largest responses, and the
highest returns were due to potassium, the cheapest nutrient.
The model was used to demonstrate how values of most economical rates, profits, and
return/investment ratios vary as a function of the maximum yield, sufficiency index, and amount of
nutrient necessary to achieve maximum yield. High yields, large responses to applied nutrients, and
low necessities of nutrients to attain maximum yield are in favour of larger profits and higher
return/investment ratios.
The model was also used to show how a wrong decision on the choice of nutrients can affect the
economic result, in the case of limited resources to invest in fertilizers. Using 50% of the
recommended amount of fertilizer for corn, 75% of the maximum possible profit can be attained, a
number that drops to 65% by the combination of nutrients normally used by farmers.
Finally, the model was used to generate a table for fertilizer recommendation, considering yield
goals and parameters given by soil analysis.
Conclusion. The quadratic model is useful for economic calculations on fertilizer use, not only for
cases in which the purpose is to achieve maximum economic yields, but also when only limited
resources to invest in fertilizers are available.
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Comparation of Designs Used to Estimate Surphace
Response
L.Castillol, A. Martinez2, A. Castillo^, J.A. Santizo2. I Department of Physics
and Mathematics, University of Quintana Roo, 77000 Chetumal, Quintana Roo,
México. ZCentro de Estadistica y Cdlculo, Colegio de Postgraduados, 56230
Montecillo, Méx., México.
Introduction. In the agronomy investigation developed in México, the Surface responses Methodology
was widely used, mainly in the area of soil fertility. Some changes relative to the treatment
design and the model adjusted was made. In this paper, we compare the response variance on
different regions over a rectangular region for a group of two variable designs relative to that
of the factorial design with three levels when a pseudoquadratic polinomial is fixed. The estimate
polynomial model for two variables is of the form:
Y = b 0 + b 1 x a + b 2 x b + b ] 1 X 2 a + b 2 2 X 2 b + b , 2 X a X b : a, b e (0.5,1)

(1)

Methodology. We obtain the average variance of the estimated response for certain two variable
designs on different regions when a pseudoquadratic polinomyal is fixed, using the design matrix.
The variance is multiplied by the number of treatments in the design and divide by the
experimental error variance. We can summarize the preceding by,
V — — ]Var[Y(x)]dx / ] dx
Cr
Once we have obtained the variance V for each design, these are compared with the factorial 3
using the next formula:
V for the factorial 3
EV for the design compared
The computations are made using the IML procedure of the SAS statistical package.
The pseudoquadratic polynomial studied are of the form of equation (1) with
a,b=0.5,0.6,0.7,0.8,0.9 and 1.
The design compared with the factorial 3 are: double hypercube, central composite, the San
Cristobal designs and the Plan Puebla designs. This are compared in the next regions:
Rl
R3
R5
R6

=
=
=
=

[0,2] x [0,2]
[0.15,1.85] x [0.15,1.85]
transversal region to Rl of 81 % area
transversal region to Rl of 78 % area.

R2 = [0.1,1.9] x [0.1,1.9]
R4 = [0.25,1.75] x [0.25,1.75]

Castillo (2) presents the table of efficiencies relative to the factorial 3
pseudoquadratic polinomyal analyzed.

for every

For each design we have two sets of observations: the variances V and the models adjusted in the
region R l . Using this information we estimate a quadratic polynomial which asociate the variance V
with the pseudoquadratic polinomial adjusted, based in the exponents a and b from the equation
(1). The estimate polynomial is of the form:
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V - Ö0 + 6j x a , + fi2 X b 2 + 6 J 1 X 2 a 1 + B 2 2 X 2 b 2 +

Qï2X*iXb2

where,
V = Average variance of the estimated response on the region R l .
a,b = Exponents of the pseudoquadratic polynomial adjusted.
The variance curves for some desings when the exponent a=0.5 are presented in the graphic 1.
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Graphic 1. Variance curves for certain designs when a =0.5.
Results and Discussion. It was observed that the efficiency order for the designs is not
significantly affected when the regions are changed. The double square is the most efficient of
all the designs analyze. It can be mentioned, the importance that the experimental points
dispersion has in the design efficiency .Also the relation between the design symetry and the
efficiency symetry in the region is important.
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Cotton Fertilization under Egyptian Conditions
A. H. Abd EL Hadi, M. S. Khadr and A. M. Ali. Water Research Institute,
Agriculture Research Centre Giza- Egypt.
•

I n t r o d u c "t i o n . Cotton is the most important
fibre plant. In 1986,the world production of cotton lint was
15048 million tons, while the production of all other plant
fibres was only 622 million tons FAO, (1987). In Egypt, the
cotton cultivated area is about 0.43 million ha. and the
annual lint yield is 0.42 million tons with an average of
0.977 tons/ ha FAO, (1987). The early recored results on
cotton fertilization indicated that nitrogen was the limiting element for cotton production, phosphorus and potassium
are still profitable, Abd El Hadi, et al. (1987). The
present investigation was conducted to study the response of
cotton to nitrogen and potassium fertilization under the
intinsive cropping system in Egypt.
M a t e r i a l s
a n d
M e t h o d s . 54 Field trials
were conducted from 1987 to 1992 using 5 different cotton
varieties. Different rates of N and K were added to estimate
the optimum and economical rate of both elements. Soil
samples were taken from the experimental sites as well as
plant samples were taken from the full matured leaves to
determine N and K concentration. The physical and chemical
properties of the tested soil were also estimated.
R e s u l t s
a n d
D i s c u s s i o n .
Soil properties : The soil texture varied from sand
loam to heavy clay, the pH values fall in the range of
slightly alkaline, the total soluble N was fairly low, the
values of available P were moderate. The extracted K by
ammonium acetate ranged from 240 to 600 ppm K.
Response of cotton to N and K fertilization: The cotton plant contains more nitrogen than any other nutrient
mineral. Soils in which cotton is grown are often more
deficient in nitrogen. Average results of the 54 field
trials are presented in Table (1).
Table (1): Effect of N and K fertilization
productio:

on cotton

Treatments

N

P30,
kg/ ha

143
180
180
214

37
37
37
37

K30

East
Delta
C L i n t
•+•

—
—
57
57

2385
2447
2582
2619

North
Middle
Delta
Delta
s e e d )
i n
2274
2431
2485
2467
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1841
1971
2137
2107

Upper
Egypt
l e g /
h a )
1701
1950
2043
2055

•

The data indicate that cotton plants did respond to N
application up to 180 kg N/ ha and the increasing in cotton
yield
(lint + seed) was higher at upper Egypt area than any
other location, it reached to 249 kg/ha. Increasing the rate
of N to 214 kg/ ha even under the addition of P and K fertilizers, decreased the cotton yield in some locations and
slightly increased in others. It was noticed that high rates
of N enhanced the vegetative growth and created good
conditions for insects development for all tested cotton
varieties and locations.The addition of 57 kg K 2 0 / ha, mixed
with 180 kg N + 37 kg P 3 0 s / ha markedly increased cotton
yield
(lint + seed) at all the tested locations and
varieties, table (2). The highest cotton yield per addition
of one Kg K a 0 was 2.91 at Middle Delta followed by 2.37 at
East Delta, 1.63 at Upper Egypt and the lowest value was
0.95 at North Delta.This may be due to the high clay content
in this area.
Table (2): Response of different cotton varieties to N and K
ferti1ization
N

P30s

Ka0

kg/ ha
143
180
180
214

37
37
37
37

Giza
70

Gi za
Giza
Giza
Dandara
75
77
81
-i- s e e d )
It &/
na ) .

(L int
—
—
57
52

L.S.D. 0.5 %
c.v. %

2440
2549
2641
2536

2110
2243
2318
2237

2382
2519
2624
2567

2335
2424
2535
2609

1704
1950
2045
2057

n. s .

91
7.60

157
7.00

102
3.39

172
8.00

6.38

The tested cotton varieties did respond to N up to 180
kg/ha' as well as to K application, table (2). The heighest
increase in cotton yield due to N addition was obtained by
Dandara variety, while Giza 81 gave the heighest increase by
K application. In this respect, Kerby and Adams (1985) mentioned that a supply of adequate K is needed throughout the
entire period of cotton growth and development, and reduce
plant diseases, especially cotton wilt and vertici11ium
wilt.
L i t e r a t u r e
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Response of Wheat to Nitrogen and Phosphorus Fertilization
under the High Terrace Soil of Sudan
Hassan S. Ibrahim. Hudeiba Research Station, Ed-Damer, Sudan.

Introduction. The Sudan is the largest country in Africa with a total area
of 2.5 million km* and human population of 26 million. Wheat has become one
of three major staple food crops. The Northern State of Sudan, compared with
other states, has the most suitable weather for wheat production in the
country. Most of the wheat in the Northern State is prduced profitably on
limited land on the banks and nearby the Nile River. The predominant soil
type in the state, which is further away from the Nile River, is termed
locally the high terrace soil and it belongs1 to the Aridisols. This soil
type suffers from low fertility (mainly N and P deficiency) and occasionally
from soil salinity and sodicity. Future investment in agricultural
production in this state has to utilize this soil type.
The objective of this work is to find out the optimum level of N and P
fertilization for wheat production on the high terrace soil of the Northern
State of Sudan.

Materials and Methods. The experiment reported was
(1989-90 and 1990-91). This experiment was carried
of Hudeiba Research Station. The site has a soil of
mmho/cm; ESP = 12; total-N = 150 ppm and NaHCO -P =

conducted for two seasons
out at a site 5 km east
pH = 8.2; EC = 2.5
2 ppm.

The rates for N application were:
i- N

= zero kg N; ii- N

= 86 kg N and N

= 129 kg N/ha.

The application rates for P were:
i- P

= zero kg P; P

21.5 kg P; P

- 43 kg P and P

= 86 kg P/ha.

In the first season (1989-90) only two levels of P were used namely P
o
and P . Therefore, the treatmet combinations were:
1- N P ; 2o o
8- N P :
13

N P ; 3- N P ; 4- N P ; 5- N P ; 6- N P ; 7- N P ;
o 1
o 2
o 3
1 o
11
12

9- N P ; 10- N P ; 11- N P ; 12- N P .
2o
2 1
2 2
2 3
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Wheat (var. Wadi El Neil) was sown in late November and harvested mid March.
Straw and grain samples were taken for N and P determinations.

Results and Discussion. N and P application significantly increased the
wheat straw and grain yields in both seasons. The percent response over the
control in case of the straw was over 150 in the two seasons. In the first
season treatment N P gave the highest (5970 kg/ha) straw yield, followed
N P (5436 ke/ha).
In the second season treatment N P attained the
2 1
2 2
highest straw yield (2371 kg/ha), followed by N P and N P (2326 and 2294
kg/ha respectively ).
In case of the grain yield the percent response over the control for
the first season was ranging between 12 and 175. Treatment N P attained
the highest grain yield (3749 kg/ha), followed treatment N P (3265 kg/ha);
whereas in the second season treatment N P gave the highest grain yield
(1641 kg/ha) and N P gave the second highest yield (1619 kg/ha).
N and P application significantly increased N and P uptake
in both seasons. The highest N uptake was attained by treatment
followed by N P and then N P . On the other hand, the highest
was attained By N P , followed by N P and N P . There were no
differences between the treatments.

by the crop
N P
P uptake
significant

From the results of this experiment it is concluded that the optimum
fertilizer dose for wheat produced in the high terrace soil of the Northern
State of Sudan is 86 kg N and 21.5 kg P/ha.

Literature cited
1. Hassan S.Ibrahim 1989. Effects of time and rate of N application with
P on the yield and uptake of N and P by wheat under two soil types in
the Northern State. Annual National Wheat Coordination Meeting September
1989, ARC, Wad Medani, Sudan.
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Soil Properties and Wheat Productivity in the Semiarid
Argentinean Pampas
M. Dfaz-Zorita*(l), D.E. Buschiazzo(2), N. Peinemann(3).

CONICET(1)EEA

INTA "Gral. Villegas" CC 153 (6230) Gral. Villegas (Buenos Aires) Argentina,
(2)EEA INTA "Anguil", (3) Dpto. Agronomia (UNS)
Introduction. Crop production depends on climatic and edaphic
properties related to water and nutrient storage and availability.
Different crop and soil management practices can affect these
parameters.
The objectives of this work are to study the sources of
variability in wheat production in the Semiarid Argentinean Pampas
(SAP) and to identify those edaphic properties that most strongly
affect crop growth under field conditions.
Materials and Methods. The SAP is an area of approximately
10.000.000 ha that lies to the East of the 500 mm annual rainfall
isoline in La Pampa Province (Argentina). In this regionh wheat
production is one of the main economic activities.
Wheat yields and soil properties from 25 A horizons were
evaluated during 1991. All of the soils were classified as entic
Haplustolls. Rainfall and wheat grain production information, for
the period 1921-1969, were collected by the Statistics and Census
Direction of La Pampa Province.
The number of spikes per unit area was selected as productivity
index because a smaller variability and a strong relation to grain
production.
Statistical evaluation included analysis of variance, regression
and multivariate analysis, and Student, Neuman and Keuls were used
to compare means.
Results and Discussion. The identified zones with homogeneous mean
historic wheat yield are similar to those of corn' 1 ). Therefore
edaphic properties would determin differences among wheat yields.
Wheat production (1921-1969) in La Pampa Province is strongly
related to the total amount of rainfall precipitation during
September, October, and November (R2=0.4,- n=46, p<0,05). In this
period the definition of yield components take place.
During 1991, wheat productivity was possitively related to the
total nitrogen (Nt) and extractable phosphorus (Bray Kurtz 1) (Pe)
levels (Rz=0.27, n=125, p<0,01) (Fig.1).
Productivity differences were detected among relief positions.
This behavior is associated with organic matter (0M) variation
(smaller quantities in hills than in low ands).
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Soil properties variability depended on previous management:
V.F.
Hills
Areas
Management

OM

Nt

Pe

V.F.= Variation factor
* = Variance additive
factor, p<0,01.

No signif.differences
84 %* 64 %* 68 %*

Some sites have been grouped according the number of years with
continues agricultural practices following pastures. The coefficient
"OM:'clay+silt'" was used to make relative the natural interaction
(1991)<2>. This quotient decreased
described by Buschiazzo et al.
signifatively when the number of continues agricultural years
increases:
Previous management
Agriculture > 3 years
Agriculture < 3 years
Pasture

OM/"clay+silf
2 31
4 29
4 84

In conclusion, the absence of hydric limitations during
tillering period determined that the wheat production was dependent
on the levels of nutrient associated with OM. The variability of
this edaphic properties (Nt, Pe) is related to both the original
spatial distribution of mineral particles and the induced by
anthropic activity.
Literature Cited.
(1) DIAZ-ZORITA, M. 1992. Identificación de zonas homogeneas de
rendimientos medios históricos de maiz. Actas del V Cong.Nac.Malz,
Pergamino (Argentina).
(2) BUSCHIAZZO, D.E.; A.R.QUIROGA, K.STAHR. 1991. Patterns of
organic matter accumulation in soils of the semiarid argentinian
pampas. Z.Pflan.Bodenk. 154:437-441.

Figure 1. Wheat productivity in relation with Nt and Pe levels in A
horizons of soils from the Semiarid Argentinian pampas.
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VULGARISATION SUR LA FERTILITE ET
FERTILISATION DES SOLS
r. ALVAREZ de IIETll'Jl*, L.MMARTINEZ",
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-'/ ZULIA, Maracaibo VENEZUELA ** Proyeau IJIA-OHSTOMMMda
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Introduction. A la fin des années 80, 1' Etat vénézuelien a commence une nouvelle
politique d'utilisation rationnellc des fertilisants par la suppression progressive des
subventions dont bénéficiait ce type de produits Cettc politique dc rationalisation a été
accornpagnée d'un processus de vulgarisation des résultats de la recherche dans lequel
PALMAVEN filiale de "PETROLEOS DE VENEZUELA" joue un röle essentiel.
L'objectif déclaié de ce processus est de convaincre les producteurs du fait que chaque
type de sol nécessite pour
chaque culture une fertilisation qualilativement et
quantitativement adaptéc, Cependant, beaucoup d'agriculteurs nc sc sont pas approprié
ce message et ne 1'ont pas intégré dans leur propre coherence interne.
La vulgarisation est realise* par les porteurs des connaissances scicntifiques ou
les techniciens socialement autorisés pour Fabriquer des representations de la science, de
la technique, de 1'intervention el de la population cible. Leur savoir faire est codifié et
transmis avec une autorité indiscutée.
Le discours de la vulgarisation est surtoul structure par la logique formelle de
type causal qui caractérise la démarche scientifique. Cetie logique est dominante dans ce
type de discours même si le specialiste le simplifie et le présente de maniere agréable
grace a des procédés tirés de la logique non Ibrmelle, tels que analogies, schema» ct
illustrations destinées a faciliter la comprehension.. De tels procédés sont nécessaires
mais malgré tout, les résultats obtenus ne sont pas toujours ceux qui étaient recherches
au depart
Une telle situation peut être due a divers facteurs entremfilcs dont la
principale consequence est de dormer prioritc a 1'émctteur du message et non au
récepteur.
une tene aiutuae repose sur rouuil du AJi ijuc It I I I V » ^ ^ dJ,i v
processus d'appropriation de la part de la population réceptrice qui doit pouvoir integrates informations dans son propre système de coherence interne. L'objectif de la recherche
entreprise est de capter le type de rationalité et les formes argumentatives du discours
écrit sur la fertilité et la fertilisation des sols des documents de vulgarisation de
PALMAVEN
Materiel et Methodes Trois types de documents ont été sélectionnés:
1 - Fertilisation par type de culture: 10 documents (coton, riz; canne a sucre, pomme de
terre maïs, sorgho, orangers cocotiers, café, bananes plantain)
2 - 15 documents thématiques: Roches Phosphatées, Ver du Mats, Sols de pente,
Labours, Calibration des Aspcrscurs, Plan de Fertilisation, Les Mauvaises Herbes, etc...
3.- Bulletins techniques sortia durant la demière année portant sur des sujets varies tels
que analyses des sols ou mélangeurs d'engr?^
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La methode employee repose tout d'abora sur une ré-écriture des parties des
lextes aont ie tneme aominant est ia rcrwue ei m itnlüsiulun Jou» uu JUu«u w&myU i
1'utilisation de programmes (CLAN et SHOE BOX) permettant de classer les champs
thématiques ainsi que les relations causales des thèmes repérós avec les expressions
Fertilité et Fertilisation.
Résullals et Discussion
Les champs sémantiques éonomique, politique, cuhurel,
technolgique, praxiologique el écologique ont été repérós. Le champ le plus
fréquemment rencontre est le champ technologique dont les thèmes les plus courants
sont: analyse de sol, et extraction de nutriments Le champ le moins souvent trailé, est le
praxiologique dom les principaux thèmes portent sur quelques pratiques agricoles
comme le stockage des fertiüsants.
Les relations de causalité entre les thèmes, se présentent sous la forme d'un
jugement de valeur de 1'auteur du texte sur le degré de véracité de son propre discours.
Concrètement la relation enüe deux thèmes se présente soit comme un fait indiscutable
(jugement catégorique), une possibility (jugement hypothétique), une nécessité (jugement
apodictique), une concommitance ou une norme. La relation causale la plus frequente
rit \e. jugement apodictique et la moins frequente est la norme. La vulgarisation essaye
done de convaincre plus par 1'existance d'une impérieuse nécessité de la plante,du sol et
de la rentabilité que par celle d'une norme imposec par 1'Etat.
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Liming and fertilize of Pimenta dioica L. in Xaltipan,
Cuetzalan, Pue, México.
B. Martinez-Hurtado' and J.D. Gomez Diaz. Department
of soil
Universidad Autónoma Chapingo, 56230. Chapingo, Méx. México.

science,

Introduction. Pimenta dioica L. was introduced to México by the Spaniards during the colonial
period and now it grows as part of the native vegetation in some areas of the humid tropic, as in
the Cuetzalan influence zone. Only in few cases the plant receive care as cultivated plant and in
most of the cases the tree growth without cares and only when the fruit appear, the farmer harvest
it and then the fruit is dried and marketed. The pimenta is used as rough material in the extraction
of essence oil "old spice" in the perfume industry and as fragrance holder. At this time, México
is a Pimenta dioica L. producer and exporter and its product is considered of good quality and
with good possibility to compete with others countries, which are pimenta exporters as Brazil,
India, Indonesia and Malaysia (1).
The pimenta produced in México is about 1% of the world production, but it is equal to 10%
of the total pimenta imports by USA (2).
The main idea in this work was to obtain pimenta fruits with good quality (high content of
essence oil), and to increase the yields in order to satisfy the requirements of the extraction plant
of essence oils of the Tosepan titaniske (together we can do it better). The motivation to do this
work came from the observation that the pimenta with better quality in the zone of Cuetzalan, Pue.
is the one that grows in neutral to slightly alkaline soils as those of Belisario Dominguez, Ver.
(3) 30 km to the southeast of Cuetzalan, Pue.
Materials and Methods. A detailed description and sampling of the field was made in order to
determine the lime requirements (4) and the fertility status of the soil. With a factorial design of
32 . The variables were lime and phosphorus, keeping constant nitrogen and potassium. The
experimental design consisted in select at random the pimenta trees to which the treatments were
applied. It was used calcium hydroxide as source of lime and a fertilizer mixture of 18-12-6 as
source of N-P-K and besides superphosphate triple to make the phosphorous treatments. The lime
and fertilizer were applied in the high point of the slope for each tree and in holt circle shape.
Results and Discussion. The pimenta yield for the period of 90-93 are shown in table 1 for the
landed property of Felix Aniceto brothers, in Xaltipan ("Sandy Hill") Cuetzalan, Puebla.
The results obtained, show that: 1) The alternate in production for the Pimenta dioica L. trees
does not occur as some farmers comment. 2) The effect of the treatments (lime and fertilizer) is
not clear in the yield for the trees and the observed differences are consequence of the diverse
ages and trees development but it was found that the ratio of fresh to dry pimenta it was increased
even to 33.33% as results of the fertilizer, as for the control (without treatment) it was observed
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a 3:1 ratio in the pimenta fruit (3 kg of fresh pimenta give 1 kg of dry pimenta) while in the trees
with fertilize the ratio was of 2:1 in the four years of observation. In the same way, the fruit was
bigger and uniform in size and free of diseases. Following this pattern, it is expected that the
production in essence oil on pimenta should be increased.

Table 1. Lime and fertilizer treatments and yield of Pimenta dioica L. trees in Xaltipan,
Cuetzalan, Puebla. México.
Tree
num.
I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII
XIII

Lime
Ca(OH)2
Kg
0.00
3.24
1.44
3.24
1.44
3.24
1.44
2.34
3.24
1.44
2.34
2.34
0.00

N
g/tree
0
180
180
180
180
180
180
180
180
180
180
180
0

P
g/tree

K
g/tree

0
240
240
180
120
200
180
180
120
86
120
240
0

0
60
60
60
60
60
60
60
60
60
60
60
0

Yield (kg fresh fruit/tree)
1990
30
25
120
50
95
120
95
98
95
35
80
75
40

1991
25
20
98
40
95
110
90
96
90
37
78
70
30

1992
20
18
95
44
92
120
93
100
106
36
82
72
28

1993
23
22
95
63
95
118
105
104
105
33
85
68
30
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3. Martinez H.B. y Honorio Espinoza E. 1989. Reporte de los analisis de los suelos del proyecto
"Pimienta". Departamento de Suelos, Universidad Autónoma Chapingo. Chapingo,
Méx. México.
4. Sociedad Mexicana de la Ciencia del Suelo. Analisis Quimico para evaluar la fertilidad del
suelo. Publication especial No. 1 Chapingo, Méx. México. 1987.
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The Effect of Timing of Fertiliser Applications on Coffee {Coffea
arabica L.) Yields in the Highlands of Papua New Guinea
P. H. Hombunaka and P. E. Harding. Coffee Industry Corporation Ltd, Coffee Research
Institute, HAES, PO Box 105, Kainantu, EHP, Papua New Guinea and Soil Science
Department, The University, London Road, Reading, RG1 5AQ, United Kingdom.
Introduction. A trial was conducted to determine the optimum number of ground applications per
year of nitrogen and potassium, and the most appropriate times at which to apply them, to mature
arabica coffee under Papua New Guinean conditions. The current recommendation is to apply
the total annual dose of both nutrients in four equal applications in October, December, February
and April. However, this recommendation is based on research findings from other countries, and
may not be the most appropriate for local weather conditions which strongly influence the coffee
development cycle.
Fertiliser represents a significant proportion of the total costs of production of plantation and
managed blocks of smallholder, coffee in PNG(I>. The correct timing of applications is an
important component in maximising the efficiency of fertiliser use, and minimising wastage and
pollution. The only other previous work in coffee in PNG was a potash frequency trial (ACA 32),
established on Aiyura Highlands Agricultural Experiment Station in 1969, which produced no
significant effects due to boron deficiency®.
Materials and Methods. The trial was established in unshaded Arusha coffee growing on an Aquic
Eutropept at an elevation of 1660 masl on Ondu Plantation, near Kainantu in the Eastern
Highlands Province, during the latter half of the 1988/89 coffee year. Fertiliser treatments
commenced in October 1989. The trial is a 10 x 3 factorial, with ten fertiliser schedules (Table
1) applied at three application rates (100, 200 and 300 N and K20 ha'yr"1 as sulphate of ammonia
and muriate of potash respectively), and replicated three times in a randomised block design. Ripe
cherries from each plot were harvested and weighed every two or three weeks throughout the
three coffee years 1989/90 to 1991/92.
Tuhle 1:

Treatments for Timing of Fertiliser Applications Trial
MONTHS AND FERTILISER APPLIED

TREATMENT
(SCHEDULE)

0

1
2
3
4
5
6
7
8
9
10

K+N
K+N
K+N
K+N
K+N
N+K
N+K
N
N
N

Notes:

1.
2.
3.
4.

N

N

D
K
K+N
K+N
K+N
K+N
N
N+K
N+K
N+K
N+K

J

N

F
K
K
K+N
K+N
K+N
N
N
N+K
N+K
N+K

M

N

K

A
K
K
K+N
K+N
K+N
N
N
N
N+K
N

M

1

N

J

A

S

F
F
F
F
F
F
F
F
F
F

F
F
F
F
N+F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F

N = nitrogen (SOA), K = potassium (MOP), F = foliar micronutrient feed (Fetrilon Combi 2).
For each of the three rates, total annual rates are the same for each of the 10 treatments.
Annual rates are 100, 200 and 300 kg N ha'yr' and 100, 200 and 300 kg K 2 0 h a ' y r ' .
Annual rates are split equally for each application in any one treatment.
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Results and Discussion. Analysis
of variance shows that the timing
schedules produced a significant
yield effect in 1990/91, 1991/92,
and in the cumulative yields
1990-92 (which are reported here,
see Figure 1). Means are separated
using the t-test.
Of the schedules in which nitrogen
was varied, schedule 3 resulted in
significantly (p =0.001) higher
cumulative yields than the other
four schedules (1,2,4 and 5).
Similarly, of the schedules in which
potassium was varied, schedule 8
was significantly (p=0.01) better
than the others (schedules 6,7,9 and
10)

h
IS

(2N*4K| (4N*4K) (7N*4K) (6N.4K) (4N.1K
(early)}

(4N.2K (4N.2K
(earty)} (mid»

(4N+3K (4N-.4K
(mkJ))
(late))

TIMING SCHEDULES
Rgurtt 1: Ondu Fertilisef Timing Trial - Mean cumulative cherry yields, 1 9 9 0 / 9 1 - 1 9 9 1 / 9 2

Thus, it can be seen from Figure 1
that applying nitrogen in four equal
applications in October, December, February and April - as is currently recommended™ - results in
the highest yields. Figure 1 also demonstrates that even if nitrogen is applied in four such
applications, the timing of the potassium applications still significantly affects the yields achieved. The
most beneficial time to apply potassium is in December and February, which is at the beginning and
during the phase of rapid cherry expansion.(4)
The fertiliser rates produced a significant (p=0.05) yield response in 1991/92 (not shown here) and
a very nearly significant effect (p=0.054) in the 1990-92 cumulative yields. There was no significant
schedule x rate interaction.
Conclusions. It is concluded that, in the wetter coffee growing areas of Eastern Highlands of PNG,
the total annual dose of nitrogen is best applied in four equal applications in October, December,
February and April; whereas potassium should be applied in two equal applications in December and
February. Due to differences in the rainfall distribution pattern, applications may be brought forward
by one month in the Western Highlands and the drier coffee growing areas of the Eastern Highlands.
Literature Cited.
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Application Trial, Aiyura. In: DASF Annual Report 1967-69: 57. Port Moresby, PNG.
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Harding, P.E. 1986. General Fertiliser recommendations for arabica coffee in Papua New Guinea.
Tech. Advisory Circ. 3. CRI, Aiyura, PNG.
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-> Harding, P.E. 1991. Foliar nutrient level studies in fertilised coffee in the Eastern and Western
Highland Provinces of PNG. Coffee Res. Report 6. 108p. CRI, Aiyura, PNG.
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and
some herbicides on
Nitratereductase
a c t i v i t y o n criernozem c u l t i v a t e d
barley
D . F* - A t h a n a s s o v a - D e p a r t m e n t
trol,
Institute of
Plant
2230 Kostinorod, Bulgaria-

of Weed ConProtection,

Introduction. Barley is sensetlve to the contents of assimilate
alimentary substances in soil and, because of its intensive assimilation of nitrogen during the growing season, it is necessary
to bring nitrogen fertilizer in the field. On the other hand, the
application of herbicides is a basic link of the plant cultivating technology (2, 3).
The purpose of this study is to investigate the effect of leaf
fertilizer Lactophole 0 used in combination with some herbicides
which are large applied in barley crops cultivated on chernozem.
It was studied their effect on the enzyme nitratereductase which
takes place in nitrogen metabolism of plants.
Materials and Methods. The above mentioned matters were tested in
field experiments during three years, from 1991 to 1993. The
experimental site was located in Kostinbrod, Bulgaria. The
nitratereductase activity was determined in vivo by the modified
method of Jaworsci (1). The herbicide and leaf fertilizer applications were carried out on the barley variety "Volga". It was
studied the effect of the next compounds: 2,4 DP, triasulforon +
terbutrin, chlorsulforon, isoproturon, mecoprop + 2,4 D, EXP04217, imasamethabenz, diclofop-methyl. They were applied both
alone and in combination between them, and as well as with Lactophole 0 (N-21.5*. P.Cv-öX, K.0 -10%, Fe-1.5% * hydrolysed protein + microelements B, Cu, Zn, Mo, Mn, Co).
Results and Discussion. The results of the trails show that the
tested herbicides and Lactophole 0 influence on the enzyme
activity of nitratereductase. This enzyme has highest quantities
at the variants accounted on the 10th day after treating >lth
herbicides and Lactophole 0. These quantities are decreased respectively on the 30rd and 45th day after treatment. The combination of 2,4 DP + triasulforon • terbutrin shows the strongest
stimulating effect. A close stimulating effect was' found in the
combination of 2,4 D + diclofop-methyl. At these variants, the
enzyme nitratereductase has higher quantities after adding Lactophole 0. By effectivness, the next two variants follow: chlorsulf oron • isoproturon and mecoprop + 2,4 D. The lowest nitratereductase activity was recorded after treating both with EXP04217 and with imasamethabenz. At the control barley plants, the
highest nitratereductase activity was found at the hand weeded
out control + Lactophole 0.
In fine, it is worth pointing that the enzyme activity is strongly influenced by the leaf fertilizer and tested herbicides. In
later periods of barley development, this effect is not decreased
This result depends both on increasing the nitrogen contents in
soil and decreasing the herbicide concentration in soil as a
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Conclusions:
1. The enzyme nitratereductase has higher activity in the
variants treated with Lactophole 0 in combination with herbicides than those of them treated only with herbicides.
2. The highest enzyme activity is recorded in the variants analyzed on the 10th day after treating with Lactophole 0 in combination with herbicides. Subsequently this effect is decreasing.
3. It is suggested that the leaf fertilizer Lactophole 0 and tested herbicides might influence directly on the enzyme molecule
and cause increasing of its activity.
Literature Cited.
(1) Vonkova-Radeva, R. 1979. A method for determination of nitratereductase. Plant Physiology, Sofia, 4:3-4.
(2) Walker, A., Cotterill, E. G. & Welch, S. J. 1989. Adsorption
and degradation of chlorsulforon and metsulforon-methyl in
soils from different depths. Weed Research, 29, 4:281-287.
(3) Walker, A. & Welch, S. J. 1989.The relative movement and persistence in soil of chlorsulforon, metsulforon-methyl and
triasulforon. Weed Research, 29, 5:375-383.
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Development of Multi-Element Fertilizers for Tropical
Requirements from Indigenous Silicate Rocks
P.I. Cooray; TJ. Weerasuriya, and P. Deturck. Institute of Fundamental
Stucies, Hantana Road, kandy, Sri Lanka
Introduction : Tropical soils with low nutrient reserves sustain high
yielding crops using high NPK inputs supplied through salt-based fertilizers.
These are highly soluble in the tropicai leaching regime.
With intense
cropping and inputs limited to NPK, other essential element reserves such as
Mg, S and trace elements are rapidly being depleted. Further, a yield plateau
has been reached in paddy with NPK fertilizer. An attempt is being made in
Sri Lanka to supply a multi-nutrient slow releasing fertilizer package
developed from silicate rocks in an attempt to break the yield plateau.
Materials and Methods : A field experiment was conducted with a less refined
fertilizer based on locally available mica containing K-Mg-S and trace
elements. Application rates of 1500 kg/ha (containing equivalent K to the
recommended muriate of potash (MOP) dose of 33 kg/ha), 150 kg/ha acidulated
mica (Table 1) were compared with the recorrmended highly concentrated K (MOP)
fertilizer control.
A treatment with K(MDP) fertilizer combined with 625
kg/ha dolomite (containing equivalent Mg to 1500 kg/ha acidulated mica) and a
K0 control (0 kg/ha K and Mg), were also established. NP was added to all
treatments. The residual effect of all K and Mg fertilizers were checked the
following season by eliminating K, Mg basal application.
Results and Discussion : The difference in yield between the K(MDP) and K0
controls was 10% in the first season and nil in the second season when K
fertilizers were not added as basal fertilizers indicating absence of a
residual K effect from the highly refined and soluble MDP-K source (Table 1).
The difference in yield between the 1500 kg/ha acidulated mica treatment in
the two seasons over the K0 control were 21% and 10% respectively. Thus the
acidulated mica treatment maintained a yield increase of over 10% over the
control with conventional highly concentrated K(MOP) fertilizer in the second
season as well when there was no fertilizer replenishment.
While the
treatment with dolomite + K(M3P) showed no yield effect in the first season, a
marked 9% yield increase was obtained in the second season over the K(MJP)
only control suggesting a response to Mg fertilizer input.
Table

1

-

Yield

response

to

acidulated

mica

and

dolomite

Treatment

Yield (kg/ha)
Yala 92
Maha 92

T3
T5
T4
T2
T1

6087
5358
5565
5513
5013

A c i d u l a t e d mica (1500 k g / h a )
D o l o m i t e (625 k g / h a )
A c i d u l a t e d mica (150 k g / h a )
M u r i a t e o f Potash-no Mg (33 k g / h a )
C o n t r o l (no Mg, K)

„,
A
A B
A B
A B
B

(Residual T r i a l )
7144 A
6996 A B
6570 A B
6417
B
6393
B

"Maans follcwad by the sare letter are not significantly different at 95% confidence level.
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Treatments with a high Mg input had changed the soil exchangeable K/Mg ratio
significantly from 0.51 (KO control) to 0.63 (acidulated mica) and shoot K/Mg
from 18.5 to 13.7 resulting in a higher yield. A correlation coefficient of
0.9395 between exchangeable K/Mg after the first harvest and yield was
obtained. The depletion of exchangeable K and Mg from the soil reserve after
the residual trial (Maha 92) is shown in Fig.1.
Table 2 - Effect of K/Mg ration on relative yield (Yala 92)
Trt.

Shoot Nutrients
(% dry matter)
Mg

T3
T4
T2
T5
T1

0.125
0.135
0.153
0.148
0.112

Mg

K

1 .714
2.146
1.935
2.083
2.061

Exchangeable bases
(mg/kg soil)
Mg

K

551.0
A56.6
462. A
693.1
513.0

346.5
252.0
261.7
396.3
260.4

Exch.
K/Mg
0.63
0.55
0.57
0.57
0.51

Shoot
K/Mg
13.68
15.88
12.63
14.11
18.43

Relative
Yield(%)
100.0
91.4
90.6
88.0
82.4

(mg/kg )

TREATMENTS
f*-rwi
Fig.1.

Tsia

1992

Exchangeable

• • •
K

and

Mg

Maha
In

soil

1992
after

harvesting

Conclusion : These experiments, while being a first for Sri Lanka, appear to
point towards not only a hidden hunger for Mg even in paddy soils but more
importantly the need for proper nutrient balance between K and Mg.
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INFLUENCE OF FERTILIZER APPLICATION, WEEDING A N D INSECT
CONTROL ON
YIELDS AND YIELD G A P S OF GRAIN MAIZE
PRODUCTION AT EMBU, KENYA
S. M. Wokabi and J. A. Zinck. International Institute for Aerospace Survey and Earth
Sciences. Enschede, The Netherlands.
Introduction. Kenya like most other less developed countries faces a great challenge in producing
sufficient food crops to meet the consumption demands of an ever increasing population. Increase
in food production can be achieved in two ways ie. increasing the area under cultivation or
increasing yields from the already cultivated land. In Kenya there is limited scope for expanding
cultivated land since unused land is diminishing, or is of marginal quality or just unsuited for
agricultural purposes (Muchena et al., 1988). The objectives of the present study are four-fold: (1)
to investigate experimentally under rainfed conditions the influence of fertilizer applications, weeding
and insect control on grain yield of maize and compute the net income generated from the different
treatments; (2) to use a crop growth simulation model (WOFOST) to determine the potential and
water-limited yields; (3) to obtain observed grain yields of maize from farmers' fields; and (4) to carry
out yield gap analysis on maize production for the agro-ecological zone represented by the Embu
trial site (Smaling and van de Weg, 1990), using yield data obtained from the above three sources.
Materials and Method. The study was conducted at the Embu Regional Research Centre on the
windward eastern slopes of Mt. Kenya during season I (March- September 1992) and season II
(October 1992-March 1993). The experimental site is located at 0° 30 S and 37° 27 E, at an altitude
of 1510 m above sea level. Mean annual rainfall is 1252 mm and mean annual temperature 19.5
°C. The soils are well drained and have a rootable depth of > 150 cm. The upper 20 cm horizon has
74% clay and 28 g kg'1 organic carbon. The pH (H20 1:2.5) is 5.9, available P(Olsen method) is 4
mg kg"' and exchangeable K is 1.06 cmol(+)kg'. Soils are classified as Humic Nitisols (FAO, 1989)
or Typic Palehumults (USDA, 1990). The statistical design of the experiment was 23 factorial, layed
out in a randomized complete block design and replicated four times. Plot size was 6x6 m with a
space of 1 m between the plots and 2 m between the blocks. Maize (hybrid H511) was planted at
a spacing of 0.75x0.60 m, 2 plants per hill after thinning. The maize received 75 kg ha"' P at planting
and 75 kg ha' N as topdressing when the crop was knee-high. Dipterex at the rate of 40 kg ha'1 was
applied when the crop was knee-high to control the African maize stockborer (Buseola fusca, Fuller).
Weeding was carried out with hand implements two times at two weeks and eight weeks after
emergence. A careful record of the variable production costs was kept for each treatment which
included expenditures on labour, fertilizers and insecticides. An economic analysis was carried out
to determine the cost, gross income and net income resulting from each treatment. In addition, actual
maize yields were obtained from farmers' fields through crop cuttings. For simulating maize growth
at Embu, the standard version of the WOFOST model (van Diepen et al., 1988) was applied to
calculate potential and water-limited yields.
Results and Discussion
Influence of the different treatments on grain yield of maize. Yield data shown in table 1 are
averages of four replications. During season I weed control had significant positive impact on grain
maize yields but fertilizer application and insect control were non-significant. During season II all
the three factors had significant influence on grain yield of maize. During season II the rainfall
distribution was more favourable than in season I.
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Table 1: Grain yield of maize (tons/ha) at Embu for seasons I and II in 1992-93
Treatment

1

2

3

4

5

6

7

8

Season I

1.27

2.52

3.98

4.11

1.32

4.47

1.73

3.71

Season II

1.05

3.39

6.72

7.95

0.71

8.34

5.78

4.05

Economic analysis. In season I, there was a very small negative net income for treatment seven
while in season II treatment five had a moderate negative net income. The highest net income for
the two seasons was obtained from treatment six where weeding and insect control were applied
without fertilizers.
Yield gap analysis. Yield gaps 1, 2 and 3 for season I were 8.55, 0.63 and 1.06 tons/ha of maize
respectively while for season II the corresponding yield gaps were 2.78, 1.40 and 3.61 tons/ha
respectively (figures 1 and 2).

Fig. 1: Yield gaps for season I

Fig. 2: Yield gaps for season II

a = Potential yield; b = Water-limited yield; c = Experimental yield; d = Farmers' yield
1, 2 and 3 = yield gaps
Conclusion. Weeding is a very important factor controlling maize yields especially when moisture
conditions are unfavourable. Fertilizer application and insect control are only significant when
moisture is non-limiting. The yield gap between potential and water-limited yields decreases with
increased moisture availability. The yield gap between experimental and farmers' yields increases
with increased moisture availability.
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Diepen, van C.A., Rappoldt, C , Wolf, J. and H. van Keulen. 1988. Crop simulation model WOFOST.
Documentation Version 4.1. Centre for World Food Studies, Amsterdam-Wageningen, The
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Muchena, F.N., Mbuvi, J.P. and S.M. Wokabi. 1988. Report on soils and land use in arid and semiarid lands of Kenya. Ministry of Natural Resources, National Environment Secretariat, Nairobi.
Smaling, E.M.A. and R.F. van de Weg. 1990. Using soil and climate maps and associated data sets
to select sites for fertilizer trials in Kenya. Agriculture, Ecosystems and Environment 31:263-274.
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Rationalised Fertilizer Prescriptions for Cropping
Sequences - An Indian Experience
Rani Perumal , Honora J Francis & SP Palaniappan, Tamil Nadu
Agricultural University, Coimbatore - 641 003, Tamil Nadu, India.
Introduction. Intensive crop cultivation by the farmers leads to a continuous cropping
system, which often results in time lag in tackling the analyses of soil for making sound
fertilizer recommendation. This necessitates the paramount need to forecast the fertilizer
recommendation for the cropping sequence in preference to a single crop (2,3)
Materials and Methods. Soil test-crop response field experiments on different cropping
sequences were conducted in fractional factorial design with graded levels of N, P and K
based on crop requirement at Tamil Nadu Agricultural University farms (TNAU) and at
farmer's fields (FF) during 1987-92 as detailed below :
Cropping sequences

Soil

Location in Tamil Nadu

Sorghum-Sugarcane
Maize - Sugarcane
Peanut - Sorghum
Finger millet - Sorghum
Blackgram - Cotton - Sorghum
Rice - Rice

Red - Non Calcareous (Typic Usiorthent) TNAU, Bhavanisagar
Red - Calcareous (Udic Haplustalf)
FF, Chinnathadagam and
Sundapalayam
Mixed Black (Typic Ustivert)
Red-Alluvium (Typic Haplustalf)

FF, Thckkupalayam
TNAU, Coimbatore

Results and Discussion. The per cent contributions from soil and fertilizer were calculated
from the yield data and soil and plant analysed; Nutrient requirement was worked out.
Fertilizer prescription equations were arrived at, utilising these data for each crop based on
targetted yield approach (1) and these equations were test verified for fitness on allied soil
series.
A novel derivation has been employed using multiple regression concept for predicting
the fertility status of the soil after each crop by linking independent variables of pre-sowing
soil test values for available nutrients (PS) estimated by standard procedures, fertilizer dose
(F) and grain yield of crops (Y) and the dependent variable of post-harvest soil test values for
available nutrients (PH) (Example cited for maize - sugarcane cropping sequence).
Soil & Location

Available Nutrient Predictions kg ha"'

R

Red - Calcareous colluvial/
Somayanur series
(Udic HaplustalO
Chinnathadagam (FF)
Tamil Nadu, India

KM-N (PrT) = 48.8**-0.005Y**+ 0.73 KM.N(PS)**+ 0.13FN**
OL.P(PH) = 9.2 + 0.001Y* + 0.43OL.P**(PS) + 0.02FP**
AA.K(PH) = 42.4 + 0.3Y* + 0.29 AA.K**(PS) + 0.25 FK**

0.51*
0.36**
0.63*"

(KM-N: Alkaline KMnCM - N; OL-P: Olsen-P; AA.K-Ammonium Acetate-K kg ha )

Dr. Rani Perumal*

Fax : 091 0422

Professor, Department of Soil Science & Agricultural Chemistry, Tamil Nadu

Tel : 0422

Coimbatore - 641 003, Tamil Nadu. INDIA.

41672
(0)41222
(R) 40305
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Fertilizer prescriptions based on initial soil fertility for the maize - sugarcane sequence
for two yields targets, post - harvest soil fertility and cost-effectiveness expressed as output /
input ratio are given below :
Initial soil fertility
(kg ha 1 )
N

P

Yield target
(t ha 1 )

K

Fertilizer * dose
(kg ha')
N

Post • harvest Soil
fertility

P2O5

K2O

Output
/Input

N

P

K

ratio

1st Season: Maize
247

36

373

4.0 (L)
6.0 (M)

32
150

17
49

0
19

214
220

27
28

280
349

47.7
17.2

100.0 (L)
144.0 (M)

222
356

63
107

166
260

234
256

22
23

169
214

13.9
12.1

Ilnd Season: Sugarcane

.

.

.

(L, M : Low, Medium yield targets of grain / cane : *Fertilizer doses based on verified targetted yield equations)
Maize being the exhaustive crop, deteriorated the soil health particularly available
phosphorus and potassium. Similar effect of depletion of available potassium was observed in
cotton based cropping system. While the legume (pulse / groundnut) based cropping system,
maintained / improved the soil available nutrients especially soil available nitrogen even after
three crops in the sequence. For marginal yield targets in the system approach (above table)
the soil native nutrients proved to be sufficient, while for higher yield potentials, fertilizer
application alone or/and conjoint with organics and biofertilizers established as a supreme
importance. This theme of fertilizer tailoring for cropping sequences helps the farmers to
overcome the time lag taken for soil analyses after each crop under Indian environment
besides obtaining desired yield targets or crops / economy in fertilizer use coupled with
sustained soil health.
Literature Cited.
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Fertirrigation With Inyection Bomb and Derivation
Tank Flux in the Drip Irrigation. Comparation Between
Methods
Gloria Saavedra*, Carmen Rodriguez**, Alicia Lima** and Beatriz
Espinosa**. Irrigation and Drainage Research Institute. Havana, Cuba*
Chemical Investigation Center. Havana, Cuba**.
I n t r o d u c t i o n . The application of fertilizer through a drip irrigation systems
look a good solution to facilitate the intake of nutrient directly in the root
sistem with a low cost (1).
The method described in this paper is based in the use of the principle of
difference between pressure (derivation tank) and the negative pressure
( inyection bomb) .
M a t e r i a l s and m e t h o d s . The irrigation system consisted in a head unit with
a discharged capacity on 1 1/h and 141 microtubes of $ 1mm and 150mm long each
one for field water application. In the first experimental fase it was conected
to an inyection bomb (inyection rate of 140 1/h) and in the second fase the
system was conected to a derivation tank with an average discharge of 352 1/h.
The fertirrigation applications time were 34 minutes for the inyection pump and
3 and a half hours for the tank along. The fertirrigation application were taken
water samples at 15 minutes intervals to determine the nitrogen content in
irrigation water. It was determined the Coefficient of Uniformity and the
efficiency of fertilizer distribution.
R e s u l t s and D i s c u s s i o n . The results of discharge and salt concentration of
the Christiansen Uniformity of Irrigation Coefficient (CUIC) and Fertirrigation
Coefficient (CUFC), were as follow:
Fertirrigation tank
CUIC
CUFC

Inyection bomb

76.5
75.6

73.1
71.4

In the experiments were fixed unfavorable operation condition in oder to simulate
a bad irrigation performance but similar to both methods. It was the reason for
the low observed coefficients in the irrigation secuence.lt was demostrated with
a t-student test with 95 X probability. The regression analysis showed no
differences between estimated and real values, the average values and theirs
intervals were no differences either.
In the case of the inyection boob, the addition of fertilizers in the sisteos ,
are an advantage of this methods with respect of the flux derivation wich change
in time like the relation
N =

Q

( 4 . 1 9 - 1 . *•

t)

N - Nitrogen concentration (mi 1igrames/1itre)
t - time (hours)
This equation has a correlation coefficient of 0,98 with a confiability of 95%.
The coefficients CUIC and CUFC are quite similars and the difference between one
or other method depend on the time of ejecution. In the inyection bomb method it

478

can fixed the time of fertirrigation but with the fertirrigation tank method is
necessary 60 minutes for including the total dilution into the system (3,4).

GRAF.1 . C o m p a n a t i o n of feirtirrigation
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The Research of the Multi - Functional Fertilizer Pesticide Mixture
Zucheng Zhou, Hongyu Wang, Yiling Liu, Zhongbin Lu, Xu Wei, Zhenyu
Jin, Linbao Wang, Huisheng Feng. Jilin Agricultural University, Cangchun,
r.R. China.
Introduction. Fertilizer—pesticide mixture is one of the new technique used by advanced agriculture
in recent 30 years. It has been researched and developmented in foreign countries,but it's multi—
functional effect has't been researched systematically. Carbofuran (2,3—dihydro—2,2—dimethyl
— 7—hydroxy—2,3—dihydrobenzofuran)is a broad-spectrum insecticide—nematocide,which is it
not only effects against insects,but it acts as an hormone by stimulating plant growth,promoting soil
N2-fixation and crop yields. Nowadays the formulation of carbofuran — fertilizer mixture has not
been reported. We made the formulation of carbofuran coated ammonium phosphate granules ( F P ) ,
potassium sulfate—carbofuran mixture (FK) and studied their mode of action in multi—functional effect in order to provide scientific basis for developing a new formulation of fertilizer—pesticide mixtures.
Materials and Methods. Field and pot experiments were conducted on the soils of Meadow
phaeozem,Phaeozem,Salinized meadow soil,Alluvial soil and Paddy soil,grown rice,corn and sugar
beet in 1989—1992 in Jilin province,China . The fertilizers tested were diammonium phosphate,
potassium sulfate and urea. The pesticides tested were FT\FK and Furadan 3G (F) applied at the rate
lkg ai/h.

Results and Discussion.
1. The multi-functional effect of carbofuran—fertilizer mixture.
(l)Superior control of various insects. FP was very effective to rice leaf beetle ,paddy stem maggot,
oriental army worm ,beet flea beetle and European corn borer etc. ,the percentage mortality or
above—mentioned insects was 85%~-T00%. (2Stimulating plant growth and development. FP ha;
hormonic effect on the vegetative growth during the whole period duration. (3)Reducing carbofurar
phytoxicity and toxicity . FP was low—toxic to animal,the acute oral LD 5 o>500mg/kg;the acuti
dermal LDso>l0O0mg/kg. Phytoxicity of corn seedling was reduced than the treatment of Furadar
3G alone. (4)Saving labor in agricultural operation,increasing labor efficacy. Generally,FP couk
decrease pesticide application 1 — 2 times. (5)Promoting soil N2—fixation,increasing nitrogen con
tent. Under field conditions,the nitrogen content was increased up to 11 —129mg/kg. (6)Increasin(
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utilization coefficient of fertilizer. Under field conditions, the utilization coefficient of NPK was increased by 6. 62% — 36. 4%. (7)Markedly increasing yield and income. On the average,the yields
of rice,sugar beet and corn were increased by 10. 8% —14. 3 % ,16. 7% — 25% , 17. 2%—29. 2%
respectively,the sugar content of sugar beet was increased by 1. 36 degree ,average income increased
up to 825 yuan per hectare. (8)Reducing the carbofuran residue in ha vested crops. The residue level
(MRL)of FP in corn seed and sugar beet was below 0. 05mg/kg,less than 0. lmg/kg of carbofuran
recommended by EPA of USA.
2. The synergistic effect of FP .
Results showed that ,the plant growth and crop yield could be stimulated by applied FP definitely,
The possibility of synergism is : (l)ihibite Indole—3—acetic acid(IAA)oxidase of corn,IAA can be
preserved at or above a critical level thus enhancing growth. (2)stimulate the activities of polyphenol
oxidase and ascorbic acid oxidase,the respiration was increased. (3)stimulate the nitrogenase activity
in root segment of corn and rhizosphere soil,also raise the nitrogen fixing bacteria number in rhizosphere soil, so the nitrogen content of plant and soil was increased (table 1 and 2).
Tablel

Treatments

*
FP

Table2
Treatments

Effect of FP on some enzymatic activity in corn seedling (plot experiment)

Ascorbic acid

Polyphenol

IAA

Root

Soil

oxidase

oxidase

oxidase

Nitrogenase

Nitrogenase

mg/g • min

mg/g • min

(ig/g* h

nmolC!H</g • d

nmolCiH«/g • d

0. 2475

0. 7883

7955

14.28

12.46

0. 3025

0. 8745

7377

21.32

18.89

Effect of carbofuran on microbial population in rhizosphere soil (pot culture of corn)
Nj—fixing bacteria

Actinomyces

Fungi

Bacteria

(lO*)

(10')

(10')

(10')

ck

1.204

0. 9808

2.976

1.276

F2mg/kg

2.065

1. 7030

2.202

1.013

F4mg/kg

1,743

1. 8040

1.529

1.284

Four years results indicated that FP was a new formulation of fertilizer-pesticide mixture which has
multi-functional effect, good quality, uncomplicated manufacturing technigue, convenient application, excellent biological efficacy on a wide variety of crops. Thus it was suggested that FP should be
used on agricultural practises extensively.
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Permanent Root Media
A. J. Kooien. Department
Wageningen,
Netherlands.

of Soil Tillage,

Wageningen

Agriculture

University,

Introduction. Yearly, great amounts of soil material are axtracted, transported, and processed
for plant production in glasshouses, urban horticulture, sportsfields, dikes, etc. The requirements for these root media are specific for each of these applications. Such a root medium
should meet the specific requirements very precisely: suboptimal root media often have to be
replaced. This implies not only high costs, but creates also a waste-material problem and an
increased consumption of natural resources.
Substrates for glasshouses. Although the importance of hydroponics (Steiner, 1976) is
increasing,substrates that are based on peat products are widely used. Because evaporation of
plants in glasshouses is high, the pressure head of the substrate water should be only very
slightly negative. Most glasshouse crops are sensitive to oxygen content in the substrate, so
that a substrate should also have a high air content. In addition, for certain water supply
methods, the water holding capacity of the substrate should be high because the volume of
root medium in glasshouses is limited. Based on experience in practice and results of
experiment stations, five types of substrates are distinguished in the Netherlands. Each type is
characterized by physical quantities, the most important ones being air content at a pressure
head of - 10 cm and shrinkage after oven drying from that pressure head. The measuring
procedure includes a standardized sample preparation, in order to measure at realistic bulk
densities. Wever (1991) found that, for any given plant species and water supply method, the
substrates advised by manufacturers, the substrates advised by the extension service, and the
substrates used by growers, are approximately of the same substrate type. So, when a new
substrate appears on the market, it can be easily typified in order to find the plant species and
water supply methods for which it is most suited.
Tree soil for street trees. Street trees are often planted in special substrates (tree soil) that are
filled in pits in the very densely packed street foundation material. The size of these pits is
often very limited. When a tree pit is covered by a pavement, the root medium in the pit
should not settle under traffic load in order to keep an even surface. At the same time the
medium should be loose enough to allow root growth. The pavement hinders gas exchange
between atmosphere and pit, so that gas transport possibilities should by high in the medium.
When the tree cannot benefit from groundwater, the pit and the water holding capacity of the
substrate should be large enough to satisfy the tree watrer demand. Amsterdam uses a tree soil
that is a mix of sand and organic soil material. It has an organic matter content of 5% and an
initial water content of 17-19%. The mix is compacted in the tree pit, layer by layer, to a
cone penetration resistance of 1.5 - 2 MPa. These conditions are those of the optimal object of
a limited number of test objects studied by Bakker et al. (1979).
Sports fields. The Dutch Sports Federation (NSF) supervises the realisation of artificial turfs
for hockey, hard-couts for tennis, greens and tees for golf, etc. The NSF evaluates new
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construction types by studying a single test object. After an approval, the NSF characterizes
all building materials used in the construction by measuring physical, chemical, and/or
mechanical properties. These properties are also measured when further fields of that type are
realized. Inspection occurs by comparing both sets of values.
Dikes topsoils. Water-stopping dikes are often covered by a top layer of clay with a grass
vegetation. These layers should primarily be resistant against water erosion. By measuring
erosion resistance as well as a great number of properties of top layers of existing dikes, a
relationship could be established between Atterberg values (liquid limit and plasticity index)
and erosion resistance (NN, 1988).
Closure. To predict the performance of a permanent root medium, detailed quantitative
specifications are often used. Kooien and Kuipers (1983) distinguish two types of prediction
methods:
prediction methods mainly based on observations of relationships between determining
parameters and the quantity that is to be predicted,
prediction methods mainly based on knowledge of the mechanism of the process under
consideration.
The prediction methods available for permanent root media are often of the first type: "if it is
observed that a given set of conditions results in sufficient performance, performance is also
sufficient when that set of conditions occurs again". Mispredictions are often caused by
inaccuracy of the measuring values that are needed for comparison with the applicable
requirements, or by too little detailed specific requirements.
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The effects of calcified seaweed on soil characteristics
and plant responses in managed grassland.
A.M. Tye, M.A. Kullen and T.J. Hocking. School of Applied Sciences,
University of Wolverhampton, Wulfruna Street, Wolverhampton,
United
Kingdom. WVl 1SB
Introduction. Calcified seaweed has been used for many years as an alternative liming
product in coastal areas of Cornwall, Brittany and western Ireland. These areas are close to
deposits of the seaweed, which includes members of the red algae family Ryodophyta. The
use of calcified seaweed is now becoming more widespread as a slow release liming and
conditioning agent to maintain soil pH at optimum levels and provide trace elements.
With this wider use, growers are reporting beneficial effects which cannot be explained
simply by soil pH changes. The long term aim of the present research is to elucidate
possible modes of action of the material by investigating effects of Cornish Calcified
Seaweed (CCS) and lime applications on soil characteristics and plant responses in
managed grassland. Parameters examined included soil pH, extractable and total soil
elements, leaching, yield responses and foliar elemental composition.
Materials and Methods. Determination of pH was by glass electrode; Ca, Mg and K was
extracted in ammonium acetate (pH7) and determined using AAS (Allen 1989); Trougs
reagent was used to extract P and values were determined by the stannous chloride method
(Allen 1989). Foliage analysis was by dry ashing at 550 °C followed by digestion in cone.
HN0 3 and HC1 and determined using AAS. Leachates were collected using perspex sheets
inserted into the soil profile at 25cm depth. Analysis of leached Ca, Mg and K was by AAS
and P was determined using the ammonium molybdate - acetic acid method.
Results and Discussion. Results from managed grassland (Table 1) show that pH increases
after CCS application are similar to the response produced by lime.
Table 1: Soil characteristics in a two year ryegrass ley, measured before (April 92) and
8 months after (December 92) application of lime and CCS.

pH (HO)
Extractable
Extractable
Extractable
Extractable

Ca (mg/100g)
Mg (mg/lOOg)
K (mg/100g)
P (mg/100g)

Control
Apr
Dec

Lime 2t/ha
Apr
Dec

Lime 6t/ha
Apr
Dec

CCS1.88t/ha
Apr
Dec

5.5
50.0
3.8
24.4
3.0

5.9
57.0
4.4
25.1
2.9

5.8
42.4
5.2
23.7
3.2

5.2
38.9
3.8
23.1
2.6

5.7
49.7
3.7
20.9
3.1

5.2
66.2
3.9
20.1
2.5

6.3
80.5
3.9
21.0
2.6

6.2
62.8
4.7
26.0
4.3

Extractable Ca in both lime and CCS treated plots increased, correlating with pH response.
Extractable Mg and K also rose after CCS application, but decreased after lime
applications. Myers et al (1988), found a decrease in extractable Mg after liming and Curtin
and Smillie (1980) found decreases in extractable K after liming 16 years previously. One
possible explanation for this difference between CCS and lime may relate to the former's
slow release properties.
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Results from biomass and nutrient offtake determinations (Table 2) showed that both lime
and CCS applications produced significant increases in yield.
Table 2: Biomass and Foliar nutrient offtakes from two year ryegrass ley plots after
treatment with CCS and lime.

Total fresh weight (t/ha)
Total dry weight (t/ha)
Total takeoff Ca (kg/ha)
Total takeoff Mg (kg/ha)
Total takeoff N (kg/ha)
Total takeoff Cu (g/ha)
Total takeoff Zn (g/ha)

Control

Lime 2t/ha

Lime 6t/ha

8.689
2.268
7.46
2.75
24.02
47.35
86.98

18.359
4.185
17.18
4.60
70.33
59.78
218.43

14.574
3.475
14.99
4.87
59.74
60.70
143.57

CCS 1.88 t/ha
18.947
4.365
17.95
4.37
73.93
119.94
172.36

Increases in concentration of foliar Ca, Mg, K, Zn and Cu were found after lime and CCS
applications compared to the control, (data not shown), but these were not consistent over
the two cuts. Total offtake demonstrated that lime and CCS applications have greatly
increased the utilisation of available nutrients by the grass.
Leaching experiments have been conducted following lime and CCS applications on
permanent pasture with a starting pH of 4.6 in June 1991. By March 1993 the pH on the
lime plot (6 t/ha) had reached 6.9 and the CCS (1.88 t/ha) had reached 5.6. Analysis of the
leachates has shown that CCS had conservative effects on the concentration of leachate Ca,
Mg, K and P. The increase in leaching after lime treatment may be due to greater solubility
of nutrients at a higher pH.
In conclusion, analysis of soil characteristics have indicated that CCS application increases
the availability of Ca, Mg, P and K which leads to greater uptake by grass swards. This
increased uptake may produce the observed yield responses, but other changes in the
rhizosphere may be involved. Experiments are in progress with a view to modelling the
behaviour of CCS derived nutrients within the soil system.
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A Survey to generate the economic optimal of production
factors in Papalotla, Mexico.
G.Romero, D.Lara, A.Cruz, R.Vazquez, and M.A.Valera. Department of
Research in Agricultural Sciences. Institute of Sciences of the Autonomous
University ofPuebla. Aptdo. Postal 1292 Puebla, Pue., Mexico.
Introduction. Papalotla, in the mexican state of Tlaxcala, the same that other regions of Puebla
and Tlaxcala's states, is characterized by the lack of union between producers and the official
agricultural sector of the government. This causes a deficient generation of technical and scientific
information. To give an example, there is not an inventory of the soil resource, neither a soil
physic characterization or a soil clasification, neither information about contamination levels,
neither agricultural technological services. In agreement to the social and economic requirements
there is a lack of agronomic alternatives about new crops that increase the producer's profit
instead of the traditional crop of corn. This work was made by requirement of the municipal
authorities with the purpose of the multidisciplinary integration of different kind of studies about
production factors, soil, climate, and soil management, to reach a better understanding of the
productive process and, besides, increase the yields of region's crops.
Materials and methods. Study site is located at the central valleys of Tlaxcala and Puebla,
toward south of Tlaxcala state and to the north of puebla city. Papalotla has almost 3000 ha.
Methodological stages developed to were: a) photointerpretation to fix limits of physiographic
units; b) verification of sampling sites by means of soil profile description; c) soil classification
according to the field and laboratory data using the FAO/UNESCO methodology (2). Risk of
water erosion of soils was evaluated by FAO equation using rain erosivity, soil type, surface soil
texture, and land slope. Land capability was determined by the methodology proposed by
Klingebiel and Montgomery (4). For the generation of fertilizer's recommendation to give
maximum economic yields for corn and onion were established field trials. Production factors
studied were nitrogen, phosphorus, potassium, crop density, and weed chemical control. Heavy
metal soil levels were evaluated at 11 sites, determining soil total content of metals and its
distribution in different chemical forms using a sequential extraction procedure (1).
Results and discussion. Physiographic pattern of Papalotla is formed by 4 terrestrial systems,
which were defined as: La Cienega, La Cantera, Papalotla, and La Hacienda. Soil classification
according to FAO/UNESCO was established (3) as: Dystric Fluvisol, this soil group is the most
important by its extension and it is result of the weathering of acid tufa located at the lowest part
of the La Malinche volcano; Dystric Cambisol, which is formed from rocks of acid tufa and
alluvial material, the landscape is plain although there are hills with slight slope; Dystric Regosol,
this soil is located at volcanic hillside and is limited at a very small area; Umbric Gleysol, soils
which actually have good yields; Humic Cambisol, soils which are found in the hills, formed from
acid tufa and depth limited by this rock. The 60% of the studied area has risk of sligth water
erosion, 35% of the area has moderate water erosion and 5% has severe water erosion. Potential
land capability was determined as industrial, urban, agricultural at two exploitation levels,
intensive and with restrictions, and forestry use. The maximum economic yield for corn was
486

obtained with a fertilizer recomendation of 140 Kg N/ ha, 60 Kg P205 / ha, 55 000 plants/ ha, and
2 1/ ha of atrazine for the weed control. In the onion case the fertilizer recommendation was 80 Kg
N/ ha and 20 Kg P 2 0,/ ha. The producer's profit was 450 % more with onion crop than with crop
corn. Although the onion crop is an alternative for the region's producers to improve their
economic situation still exist the problem of capital facility to invest in a technological package
more expensive (5). Only in a little zone located in the west side of the studied region were found
very high levels of lead, and also almost all of the metals studied increase their plant availability
(1). The levels of Pb, Cu, Fe, Mn, Zn, Cr, Cd, Co, and Ni in the rest of Papalotla soils doesn't
seem to be a pollution problem.
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Nutrimental Status of Mango M. indica L. CV. Ataulfo in
Different Soils of Soconusco, Chiapas. Mexico.
Ma.E. Velasco* and J. Quilantan. Autonomous University of Chiapas. Tuxtla
Gutierrez, Chiapas. Mexico.
INTRODUCTION.
The Soconusco region in Chiapas state in Mexico is very important for the country's economy,
because of many other different crops and one of its main vegetations is mango, especially the
Ataulfo variety. Seven thousand hectares is under mango production. Although there are good
yields in some plantations, the average production (7 Ton/ha) decreased at 30-40% in past three
years, and the production of small mangoes called "child mango" increased considerably (4). This
situation led us to the research of the mineral nutrient status in mango leaves and it was objetive
of this work.

MATERIALS AND METHODS.
Soconusco, located at 14°30' north latitude and 9210' west longitude, is a warm and subhumidto-humid region with an annual average of 2000 mm rainfall. Soils are predominantly Cambisoils,
Feozems, Acrisoils and Fluvisoils (FAO-INEGI). This work consisted of leave samples and soil
samples of six matured plantations. Leave samples were made with Marchal procedure (3) and soil
samples were taken at two different depths: 0-30cm and 30-60cm under and one meter inner the
shadow of the mango tree. We sampled 10% of mango trees in every plantation and all analysis were
made in Fertility Labs of CEDAF, Postgraduate College, Mexico state.

RESULTS AND DISCUSSION.
According to Jones (1), the level of N, K and P decreased slightly and respectively, but their status
are still considered as good. The amounts of Ca and Mg were also relatively low in the leaves and
unbalanced in the soil at some plantations. The levels of micronutrients in plantations 1 and 2 are
sufficient, but in other plantations, they are badly insufficient (block diagram). Moreover, the B
level analized in half of plantations was very low, and Mn level in the leaves of mango growing
in littoral soil was very high. This is a coincidence with Malavota (2) and Marchal (3) reports on
other varieties of mango. About conclusions, we can say following observations:
1. In most of plantations, there is a deficiency of one or more of principal micronutrients B, Zn,
Fe and Cu.
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2. According to production registered last year, the better production depends on a balanced
nutrition of N, P, K, Micronutrients, Ca-Mg ratio and a good texture of vegetation soil.
3. The mango production in Soconusco region has been drastically decreased in recent years by
the deficiency of micronutrients -particularly the deficiency of B.

Micronutrient Composition of Mango Leaves M. indica L. CV. Ataulfo
Grown in Different Soconusco's Plantations, Chiapas. México.
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EFFECT OF ACID LIQUID FERTILIZERS ON CORN. BARLEY AfO
TRIT1CALJE IN GREENHOUSE
R. R e q u e j o * , R. Mendoza, LJEscobedo
of

Soil

Science,

sulphuric

Saltillo.

(J.A.A.A.N.,

Introduction.
acid,

In

Mexico,

urea

and

acid

Soils

North

Mexico,

of

with

precipitation

of

a f f e c t e d by

this

the

liquid

pH

acid.

nutritive

at

lowered by t h e acid of these

products.

assess

acid

the

effects

of

soil

clay

being

the

made

from

results

have

amendments

texture

in

fixation

phosphorus

The

and

common

of

same

liquid

are

Research

problems

elements

Department

Mexico.

of

and

seriou s

phenomenon,

D i mas.

fertilizers

category

alkaline

show

J . M.
Coah.,

phosphoric

placed these materials into
fertilizers.

and

time

the

pH

present

of

most
soil

work

fertilizers

and
is

aim

on

to

cereals

growth and physical and chemical characteristics of soil (1).
Mater i a l s

and

M e t h o d s - Greenhouse experiments were conducted at

the U A A A . N . from August '92 t o harvest time

in

1993. Seven kg of

were

pots,

as

well

a

as

the

( 2 6 - 0 - 0 - 6 S ) , and t h e
in

addition

5S

Cal car i c
acid

liquid

solid

and

"Cerro

Prieto"

6S

stands

and

applied were:Ti:Stoller 3 5 0

soil

fertilizers

fertilizers

micronutriments were included.
barley

Feozem

for

Cultivars
triticale

l/ha

of

N

at

emergence;

5-30-0-5S+M

at

sowing

time;

27th

in

units

of

used

were

and

corn

"ANI-444",

at

sowing

emergence;

26-0-0-6S

Tö:Recomended

fractioned, 1/2

N

dosis
at

using

and

SFT,

all

the

using

the

dosis

and

emergence; TviRecomended dosis considering t h e 2 6 - 0 - 0 - 6 S
with solid urea and 5 - 3 0 - 0 - 5 S + M

fractioned

and 1/2 N a t emergence

490

1/2

1/3

5-30-0-5S*M

time

with 1/2 N at sowing time, 1/2 N a t emergence;

time;

urea

the

sowing

as

applying

5 - 3 0 - 0 - 5 S + M and 2 6 - 0 - 0 - 6 S fractioned 2/3 at sowing time and
at

M

Treatments

solid

Ts:Recomended

and

(O-46-O);

sulfur

5-30-0-5S+M
dosis

and

of

flowers

(5-30-0-5S+M)

"AN-34-87".

T4:Recomended

the

used

(46-0-0)

Tz:Absolute control; Ta:Recomended dosis with
I/Z

April

1/2
and

Ts:Recomended
N

at

sowing

N
and

N

at
SFT
dosis
time

T o t a l phosphorus was applied a t sowing
block design with four

replicates

time.

was

Acomplete

used.

randomized

Recomended

dosis

for

corn were 1 2 0 - 6 0 - 0 , barley 1 2 0 - 8 0 - 0 and triticale 1 3 0 - 8 0 - 0 .
Results

a n d D i s c u s s i o n . Results

for corn height induced by
are included. For

barley

indicated

application of T *
T2

(control)

induced

eyen though t h e plants were early maturing
thin; for

triticale

the

best

significant
where

treatment

the

and

was

differeces

acid
largest

stalks
TÖ

products

wich

heights

were

very

included

an

acid fertilaizer.
Phosphorus analysis t h e
for barley

and

Ta

plant

for

placed

triticale,

as

treatments

Ta

for

the

all

of

best,

corn,
them

Ta
with

acids fertilizers.
T h e heighest calcium concentration
barley

in

T*

and

on

triticale

calcium concentration

in

application

products.

of

acids

was

the

in

foliar

found

Ta.

Similar

tissue

Absorption

estimated for calcium and phosphorus; t h e

on

was

corn

in

Ti,

to

phosphorus,

influenced

efficiency

heigher

values

by

was

on
the
also

for

these

elements were d e t e c t e d in treatments with liquid products.
Conclusions.

The

positively

parameters:

calcium
and

the
and

application

phosphorus,

of

plant

acid

height,

absorption

liquid

fertilizer

foliar

efficiency

affected

concentration
of

of

these

elements

Soil

and

dry material on corn, barley and triticale species.

Literature Cited
(1)

Achorn,

F.

P.

Fertilizers52:(4)

(1989)

Liquid

78-89pp

491

Fertilizers.

A New Fertilizer Placement Method
- co-situs Placement Using Controlled Availability Fertilizers
H. Kanno and S. Shoji,
Faculty of Agriculture, Tohoku University, Sendai, JAPAN.
Introduction. Invention of new materials is known to play a stimulative or inventive role in
promoting scientific studies and technology development. This is illustrated with the case of
polyolefin-coated fertilizers (POCF) invented by Fujita et al. (Fujita, 1989; Fujita et al., 1983).
POCF is a new controlled availability fertilizer (CAF) whose release is primarily determined by
temperature and can match the nutrient demand of plants. According to the properties of POCF,
Shoji and Gandeza (1992) proposed co-situs application. As shown in Fig.1, the central concept of
co-situs application using POCF is to supply all the nutrients directly to the plant in a pattern
synchronizing the demand of the plant over the all growing season. Therefore the co-situs
application should help minimizing the reaction and interaction between the fertilizer nutrients and
the soil. On the other hand, traditional placements such as band placement using easily soluble
chemical fertilizer should supply nutrient to the plants through the soil in order to prevent fertilizer
salt damage. However, the interaction between the fertilizer nutrients and the soil contributes to
losses and reducing availability of fertilizer nutrient. They also suggested that this new fertilizer
application can minimize environmental degradation.
The purpose of this paper is to examine the central concept of co-situs placement using POCF,
to show a case study on single basal co-situs placement for corn, and to discuss how to maximize
fertilizer efficiency or how to minimize fertilizer pollution.
Conventional

O co-situs placement of POCFs#
band placement (2in. below the seeds)
of easily soluble fertilizers*

co-sltus
5
L>.

j

10
Days after sowing

Effect of fertilizer placement on emergence of corn seeds
(N:P2O5:K2O=150:200:150kg/ha)
#: POC-Urea-70, POC-DAP-70 and POC-KCI-70
•: ammonium sulfate, super phosphate and potassium chloride

Flg.1
Comparative diagram of co-situs
and conventional placement

Absence of Fertilizer Salt Injury in POCF Application. Although seed-placement is
known to be useful, it is not commonly employed because highly soluble chemical fertilizers cause
salt damage to the seedling. In contrast, no fertilizer salt injury occurs in corn seedlings even when
the seeds are mixed with a large amount of POCF as shown in Fig. 2. The POCF plot received
polyolefin coated forms of CO(NH2)2, (NH4)2HP04 and KC1 which release 80% of their nutrient
elements at 25°C in 70 days. Thus, co-situs placement can be conducted even at the high rate of
POCF,
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A Case Study on Single Basal co-situs
Application. It is common to topdress highly
soluble fertilizer to plants under paddy soil, and high rain fall conditions, and in intensive farming.
On the other hand, single basal co-situs application is feasible using POCF whose nutrient release
can match the demand of plants during the whole growing season. It is entering into practice for
rice, corn, etc. in northeastern Japan. Fig.3 shows that there are no differences in N uptake and dry
weight production of corn between the control plot (convention fertilization) and POCF plot (single
basal co-situs application). Since the Andisol of the experimental field has high phosphate fixing
capacity, the high deficiency of P at the early growth stage of corn was noted.
Maximizing Fertilizer Efficiency to Minimize Fertilizer Pollution. Chemical fertilizers
may contribute significantly to environmental degradation especially intensive farming systems with
heavy fertilizer application. For example, soil acidification under humid climates, salt accumulation
in the soil under dry climates, nitrate contamination in surface and underground waters, and
evolution of nitrous oxide which is one of greenhouse effect gases. One of the effective ways to
minimize such fertilizer pollution is to maximize fertilizer efficiency or plant uptake of nutrient
elements from fertilizer. The co-situs placement using POCF will be helpful to achieve this objective
as exemplified for co-situs placement to corn in Tohoku University Farm. Since N is often the yield
limiting nutrient for corn, the method of fertilizer application will be selected for N in this paper.
According to our previous field studies in Tohoku University Farm (Shoji et al., 1991), the
optimum yield of corn seeds is decided to be 6 ton/ha. The N required to obtain the target yield is
shown in Fig.4 (a). Both fertilizer N and natural supply of N should be provided during the whole
growing season of corn. Fig.4 (b) shows the amount of fertilizer N to supplement the amount of
natural supply of N. POCF to apply for this supplement is POC-Urea-30 (20 kg N/ha) for the early
growth and POC-Urea-S70 (100 kg N/ha) for the middle and late growth stages. The percentage of
fertilizer recovery by the plant is assumed to 60% for POC-Urea-30 and 80% for POC-Urea-S70.
The recovery of fertilizer N by corn can be doubled co-situs placement of POC-Urea as compared to
the recovery of fertilizer N by the conventional fertilization. Fig.4 (c) shows the amount of fertilizer
N released from these POCUs.
Theco-situs placement and plant-soil-climate-specific fertilization will contribute to increasing
efficiency and to decreasing fertilizer pollution.
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The Organo-Chemical Management of Fertilizer
Nutrition System for Sustainable Soil Productivity
and Environment in Bangladesh.
M d . S A D R U L A M I N . Division of Soil Science.
Research Institute Gazipur,
Bangladesh.

Bangladesh

Agricultural

Introduction: It is now extensively felt by the National Agricultural Research System
(NARS) Scientists that the soil productivity degradation in Bangladesh should
preferably be managed through integration of organo-chemical fertilizer system. The
stagnation of production in most crops show close resemblence with the reduction of
soil organic matter and continued decrease in fertilizer use efficiency (FUE). The
prevailing situation needs increasingly more and more chemical fertilizers affecting the
environment and agro-economy of Bangladesh. It was thus conceived that organic
amendments can improve the productivity and attempted here to study the vital issues
of the organo-chemical fertilizer system.
Materials and Methods : The database generated and interpreted in the present
study included (i) land resoures (4) (ii) fertilizer input-output system (2) and (iii)
Localized production system (2). The land resources consisted of land appraisal,
information, crop suitability to soil properties and agro-ecology. The fertilizer sysfem
composed of input in to the and balance within the farming systems and output from
the system. The localized production systems were directly generated from the soil
based cropping patterns and fertilizer practices. All these data were than analyzed to
obtain a organo-chemical fertilizer management guideline for sustainable agricultural
and environmental improvement.
Results and Discussion : The fertilizer system balance analyzed for Bangladesh
agriculture showed a depletion of 70-29-56 thousand tons of nutrients as N-P2O5«20/yr. More specific calculation of the data showed a nutrient depletion of 200-400 kg
N-P205-K20/yr/TT ha varying according to crop culture intensity. The average nutrient
depletion from a moderately cultured double cropped soil was found to be 275 kg NP20s-K20/yr/ha. The recent data in Bangladesh show that the FUE has been
decreased to 11. 9 kg/kg in 1989-90 from 23.3 kg/kg in 1977-78 (Table 1). The
average soil organic matter content of the soils also decreased by 25.5%, while the
cereal and other crop production have been mostly stagnated. The detailed analysis
by the NARS studies showed that (Table 2) mere increased use of chemical fertilizers
could not arrest the depletion rates due to increased system loss from the soil. But
green-, bio-, and organic munures can greatly reduce nutrient depletion rates. The
data in Table 2 show that the chemical fertilizer application along with activated
reinforced compost can reduce
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the nutrient depletion from (-) 368 kg to (-) 235 kg/ ha/yr in the potato-maize - T.
aman rice cropping pattern. Out of the total depletion potassium measured highest
(67%) followed by nitrogen (24%).
It may be concluded from the study that the 15-35 percent of the total nutrient
requirements should be supplied in compost form. However, chemical potash still may
dominate the fertilizer compositions for root and tuber crops of intensively cultured
high lands. Organo-chemical fertilizers containing activated dried and CAwst compost
and fertilizers can easily be blended and used locally in Bangladesh.
Table : 1.Cereal production, fertilizer use and fertilizer efficiency
Bangladesh during 1977-1990 (2)
Period

Cereal yield
t/ha

1977-81
1981-85
1985-89
1989-90

1-65
1-70
1-70
1-70

in

Fertilizer use
kg /ha/yr

Fertilizer efficiency
kg/kg *

39-90
5185
68-00
104-00

23-50
20-25
16-55
11-90

kg yield produced per kg nutrient added

•

Average soil organic matter content 1969-70- 1-63% 1987-90-1-19%
Table 2. Nutrient balance for N + P2O5 + K2O kg/ha/yr (1, 2, 3).
Cropping pattern : Potato-Maize-T. Aman rice
Yield t/ha:
25-4
6-4
4-2
Practice
Chemical fert.
Organo-chem.

Yield
t/ha
36
38

Nutrient input
Fert. | Nat.Supp.
705
705

102
155

Nutrient
output

System
loss

Soil
balance

783
810

392
285

-368
-235
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Integrated Plant Nutrition System For Turmeric
On Inceptisol
G. Selvakum«.ri, Tamil Nadu Agricultural
641 003, Tamil Nadu, India.
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Introduction. Turmeric (Curcuma longa L.) is an important commercial cash crop
in India. It grows well and gives rich harvest in fertile soils under heavy manuring.
Application of farm yard manure (FYM) with NPK fertilizers is a common practice
among the farmers to get higher yields. Organic manuring is found to increase the
yield and imporve the quality (curcumin content) of rhizomes (2). Of late, FYM is
becoming a scarce commodity and at the same time industrial wastes like press mud
(sugar factory waste) and coir pith (coir industry waste) are available in plenty.
Hence to utilise these wastes as alternative to FYM, and also to find out the effect
of Azospinllum and micronutrients on yield of turmeric cultivated in soils of low
fertility status, this investigation was taken up.
Materials and Methods. Field experiment was conducted during 1991-1992 on a
red sandy loam (Typic Ustochrept) soil with the following characteristics: pH 7.8;
E.C. 0.1 dSm"1; Alkaline KMnÜ4 - N; Olsen-P and NH4OAC-K 165, 11 and 180
kg ha" respectively; Organic carbon 0.23%; DTPA. extractable Zn and Fe 1.8 and
2.0 ppm respectively. The experiment was laid out in split plot design with four
main plot (M) [Organics not applied, FYM, press mud (PM) and composted coir pith
(CCP)] and seven sub-plot (S) [control, Azospirillum (Azo) @ 2 kg ha" , ZnSo4 @
25 kg ha" , ZnSo4 and Azospirillum, FeS04 @ 50 kg ha, FeSo4 + Azospirillum, and
ZnS04 + FeS04 + Azospirillum] treatments replicated thrice. All the plots received
a common, recommended rates of N, P2O5 and K2O @ 120, 90 and 90 kg ha"
respectively. Whole P was applied basally and N and K in five equal splits (basal,
30, 60, 90 and 120 days after planting). Soil samples were collected at 180 days
after planting, the rhizome developing stage (RDS) and after harvest (HS). Plant
samples were also collected after harvest. The soil and plant samples were analysed
for N, P and K.
Results and Discussion. Significant increase in the soil available nutrients and nutrient
uptake by turmeric was recorded for the combined addition of fertilizer N, P, K
with organics as compared to the addition of fertilizer N, P and K alone (Table. 1).
Among the.organics. PM and CCP were better than FYM. Inclusion of Azospirillum
and micronutrients (Zn and.Fe) an integrated nutrient management approach, recorded
additional increase in yield of rhizomes, nutrient uptake and available nutrients in
the soil (Table. 1).
The increase in the availability of nutrients in the soil
release of nutrients from the soil native pool as well as from
fairly good amount of N, P and K. The enhanced nutrient
availability of the nutrients (3), better physical environment
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may be attributed to the
the manures that contain
uptake is due to higher
and moisture retentivity

Table - 1: Effect of organics, micronutrients and Azpspirillum on soil fertility, rhizome
nutrition and yield
Available Nutrients (kg ha' 1 ) (AN)

Treatment

PM

FYM

No organics

(M)

CCP

N

P

K

N

P

K

N

P

K

N

P

K

RDS
HS

175
172

10.1
9.7

199
194

215
182

11.0
11.0

235
221

213
202

12.3
11.3

238
231

227
217

12.7
11.1

262
239

NPK + RDS
ZnSo4+
FeSo4+
Azo
HS

215

11.0

226

228

12.3

262

232

12.7

262

250

12.9

278

192

11.0

210

202

12.1

231

224

12.2

256

243

12.4

254

94

(S)
NPK
alone

1

Nutrient uptake (kg ha' ) (NU)
NPK alone
NPK + ZnSo4
+ FeSo4 +
Azo

80

23.3
(18.2)

78

87

24.0
(19.8)

88

100

29.0
(20.7)

80

100

28.0
(20.3)

97

28.0

103

113

33.0

114

122

37.0

126

140

38.0
112

(21.9)
(

(24.2)

(27.3)

(28.0)

) Yield of fresh Rhizomes t ha "' : CD (0.05) = 1.8
AN (RDS)

CD (0. OS) St t M
M at S

AN (HS)

NL (HS)

N

P

K

N

P

K

N

P

K

20.8
20.9

0.9
0.9

23.7
25.0

20.5
21.1

1.0
1.0

14.5
15.4

18.0
19.7

5.9
6.8

17.5
18.1

(1) during crop growth produced by the organic wastes. Significant increase in the
yield of rhizomes may be due to better nutrient absorption and translocation efficiency
brought about by PM and CCP. Thus the results lead to a conclusion that PM and
CCP were good substitutes for FYM; Application of fertilizer N, P and K with
organics (PM and CCP), Azospirillum and limiting micronutrients to a low fertile
soil was the most efficient, environmentally safe integrated plant nutrition system to
imporve soil health and increase rhizome yield.
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