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Metabolic Activity of Bacteria Introduced into Soil
Caroline E. Heijnen. Institute for Soil Fertility Research (IB-DLO), do IPO-DLO,
P.O. box 9060, 6700 GW, Wageningen, The Netherlands
Introduction. Bacteria have been introduced into the soil environment for different purposes, such
as enhancement of symbiotic or associative N2 fixation, promotion of plant growth, biological
control of soil-borne plant pathogens and degradation of xenobiotic compounds. The effectiveness
of introduced bacteria is variable, mostly since their survival is often poor and unpredictable. The
use of bentonite clay offered protection for the introduced bacteria to biological processes (e.g.
predation), such that the survival of introduced bacteria remained almost at the initial inoculation
level (Heijnen et al., 1992). Another aspect to consider is the metabolic state of introduced bacteria
in soil which will largely determine whether they will be effective in above mentioned applications
or not. Here, experiments will be discussed in which various methods are examined for determining
the metabolic activity of introduced bacteria. In particular, attention will be paid to the metabolic
activity of cells introduced into bentonite amended or unamended loamy sand. New developments
in methods for specifically staining introduced metabolically active cells will be discussed, using
results obtained from the bulk and rhizosphere soil of wheat plants.
Materials and Methods. Rhizobium leguminosarum biovar trifolii (R62::Tn5, resistant to
kanamycin and rifampicin; cultured in yeast extract mannitol broth) and Flavobacterium sp. (P25,
resistant to rifampicin; cultured in nutrient broth; kindly obtained from Prof. R.G. Burns, University
of Kent, UK) were introduced into loamy sand (Heijnen et al., 1992), with or without an
amendment with 10% bentonite clay. C0 2 , respired by R62::Tn5 from loamy sand with or without
bentonite amendments over a period of 30 days, was trapped in NaOH (Heijnen et al., 1993) and
quantified by titration. To ensure that only the metabolic activity of the introduced strain was
determined, sterilized soil (irradiation with 4 Mrad using a 60Co-source) was employed. Cell
numbers were determined by selective plating on yeast extract mannitol agar. In non-sterile soil the
metabolic activity of P25 was determined microscopically combining the use of a specific antiserum
with the staining of metabolically active cells with the redox dye CTC (Rodriguez et al, 1992).
Also, cells were extracted from soil and incubated with a substrate in the presence of nalidixic acid
(Nx, 20 g/1), an antibiotic preventing metabollically active cell to divide, but allowing them to
increase in length. Thus, metabolically active cells will become elongated in the presence of Nx.
After staining with an antiserum, the fraction of introduced metabolically active cells could be
measured by determining the fraction of elongated cells (Kogure et al., 1979). Nx and CTC methods
were used to study the metabolic activity of P25 introduced into unamended loamy sand, planted
with wheat seedlings over a period of 2 weeks. Since 0.05% yeast extract, the substrate used by
Kogure et al. (1979) for the Nx-method was not successful with P25 introduced into soil, soil
extract, 0.2% malic acid, nutrient broth and various combinations of these substrates were tested.
Results and Discussion. Significantly higher amounts of C0 2 were respired by rhizobial cells
introduced into bentonite amended than into unamended loamy sand in 30 days (87 pg C and 122
ug/g dry soil, respectively; Heijnen et al., 1993). This could be explained by a buffering effect of
5

the clay on the soil pH, through the exchange of basic cations for the H-ions produced during
metabolic activity (Stotzky and Rem, 1966). Using plate counts and respiration data of the strongly
growing population in the sterile soil (until day 10, data not shown here), it was calculated that for
the production of a new cell 1.97 ± 0.30 pg C was respired from the loamy sand, which was
significantly higher than 0.16 ± 0.09 pg C respired in bentonite amended soil (P < 0.05). Assuming
a rhizobial cell to have a volume of 1 um, a dry weight of 0.22-0.8 g and a carbon content of 40%,
one cell contains 0.09-0.32 pg carbon. Thus, the efficiency for the use of carbon was 36-67% in
bentonite amended loamy sand, but only 4-14% in unamended loamy sand. Martin et al. (1976) also
found a more efficient use of carbon for cell synthesis in the presence of montmorillonite.
CTC, in combination with a specific antiserum, was shown to be a useful dye for specifically
staining introduced metabolically active bacteria. When using the Nx-method in combination with
a specific antiserum with nutrient broth or soil extract as substrates (both with or without 0.2%
malic acid), more metabolically active cells were found in the rhizosphere than in the bulk soil
(Table 1). This corresponds to the expectation that bacteria are more active in the rhizosphere,
where root exudates can serve as a nutrient source. However, with 0.05% yeast extract and 0.2%
malic acid as a substrate, only few elongated cells were found, suggesting that these substrates are
not successful for determining the metabolic activity of P25 introduced into soil. Present research
is now dealing with the question which substrate gives most reliable determination of metabolically
active cells in soil with the Nx-method, whether there is a correlation between Nx and CTC active
cells and whether new methods involving molecular techniques can be applied for determining the
metabolic activity of bacteria introduced into soil.
Table 1: % of Nx-active cells in bulk and rhizosphere soil, 13 days after planting with wheat, using
0.05% yeast extract (B), nutrient broth (C), 0.2% malic acid (D), nutrient broth + 0.2% malic acid
(E), soil extract (F) or soil extract + 0.2% malic acid (G) as a substrate. A: 0.01% sodium azide
(control).
Bulk
A
B
C
D
E
F
G

1.6
19.7
16.0
8.2
27.7
9.1
6.7

±
±
±
±
±
±
±

1.5
9.5
2.7
2.4
6.9
3.8
2.9

Rhizosphere
5.5
±
2.8
±
3.0
22.5
39.4
±
3.1
±
1.9
12.9
55.8
±
11.6
±
3.9
43.9
31.7
±
4.2

Literature Cited.
(1) Martin, J.P., Filip, Z. and Haider, K. 1976. Effects of montmorillonite and humate on growth and metabolic activity
of some actinomycetes. Soil Biol. & Biochem. 8:409-413.
(2) Heijnen, C.E., Burgers, S.L.G.E. and Van Veen, J.A. 1993. Metabolic activity and population dynamics of rhizobia
introduced into unamended and bentonite-amended loamy sand.
(3) Heijnen. C.E., Hok-A-Hin, C.H. and Van Veen, J. A. 1992. Improvements to the use of bentonite clay as a protective
agent, increasing survival levels of bacteria introduced into soil. Soil Biol. & Biochem. 24:533-538.
(4) Kogure, K. Simidu, U. and Taga. N. 1979. A tentative direct microscopic method for counting living marine bacteria
Can. J. Microbiol. 25:415-420.
(5) Rodriguez, G.G., Phipps, D.. Ishiguro, K. and Ridgway, H.F. 1992. Use of a fluorescent redox probe for direct
visualization of actively respiring bacteria. Appl.& Environm. Microb. 58:1801-1808.
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bacteria. Can. J. Microbiol. 12:547-563.
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Study on Expression of Exogenous nif A in
Azorhizobium caulinodans
Q.Cheng, X.L.Yu, W.H.Fan, and G.F.Shen. Biotechnology
Research Centre, Chinese Academy of Agricultural Sciences, Beijing
100081, P.R. China
Introduction. During the past decade, the plant-growth-promoting rhizobacteria
(PGPR) have been attracted more attention (2,6). In rice field, especially in the
fertilized field, the combined nitrogen content is rather high. Those combined
nitrogen, particularly NH4+ inhibits the activity of nitrogenase. So, enhancement
of the ability of diazotrophs and releasing it from the repression in the presence
of ammonia by means of genetic manipulation will be important for the economy
of nitrogenous fertilizers for agricultural use. The azorhizobia are both root and
stem nodulating (4). Azorhizobium caulinodans in flooded soil and in the rice
rhizosphere can fix nitrogen from the atmosphere, therefore it may help to raise
the yield of cereal crops, such as rice. So, it is necessary to know the response
of ammoniae to Azorhizobium caulinodans and the regulation of nif genes in
Azorhizobium caulinodans. Transferring constitutive nifA into diazotrophs has
been done and got some good results (7,8) in China.
Materials and Methods. Both conjugation with Tn5: mob+ and Tri-parental
mating with the helper plasmid pRK2013 were procedured to introduce the
exogenous nifAc into the wild-type strain Azorhizobium caulinodans ORS571.
DNA extraction, southern blotting, protein electrophoresis were carried out by
routine methods.
Results and Discussion. Exogenous nifAs which contain constitutive promoters
have been transferred and integrated into the genome of the wild-type strain of
Azorhizobium caulinodans. And relative ammoniae-tolerant strain could be
obtained.
7

Literature Cited.
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CHARACTERIZATION OF FLUORESCENT Pseudomonas spp.
STRAINS ASSOCIATED WITH THE RHIZOSPHERE OF POTATO
(Solanum tuberosum L.) GROWN IN "EL BAJIO", MEXICO.
Farias-Rodriguez, R.1, J.M. De la Fuente-Martinez2 and J J. PefiaCabriales2.
1 Inst, de Inv. Quïmico-Biológicas, U. Michoacana de San Nicolós de Hidalgo, Tzintzuntzan # 173,
Morelia , Mich. México, Fax (451)42152; 2 CINVESTAV-IPN, U. Irapuato, Apdo postal 629,
Irapuato, Gto. México CP 36500, Fax (462) 51282

INTRODUCTION
Rhizosphere bacteria affect growth and development of higher plants by such
mechanisms as symbiotic or associative nitrogen fixation, solubilization of
minerals, biological control of plant pathogens (siderophores, antibiotics),
production of plant-growth-stimulating substances and microbial interactions
leading to "niche exclusions"^).
Although there is great interest in the
manipulation of natural microbial communities and specific beneficial
microorganisms in the rhizosphere, little is known about the dynamic processes
determining the rhizosphere population size of these microbes.
Extensive research has been conducted with fluorescent Pseudomonas spp. in
plant rhizospheres. In particular, the plant growth-promoting potential of certain
strains of fluorescent Pseudomonas when applied to seed or developing roots.
Results have been highly variable and stimulating effects in greenhouse
experiments could not always be reproduced in the field; this remarks the need
for quantitative studies of the bacterial populations in the rhizosphere. The
present study refers to population dynamics and characterization of the
numerically dominant fluorescent strains of Pseudomonas associated with the
potato crop in El Bajio, México.
MATERIALS AND METHODS
Field studies were carried out in private farmers fields (located at León, Sn.
Francisco del Rincón, Romita and Irapuato) or in experimental field plots (at
Irapuato). Field grown seedlings were harvested at 30, 70 and 100 days after
planting, with a core of surrounding soil. Entire root systems were retrieved
from field. Roots were shaken gently to remove the most closely adhering soil
and placed 10 g in 90 ml of 0.1 M phosphate buffer pH 7.0 and shaken (200 rpm)
for 30-60 min. Serial dilutions were made and plated in duplicate on appropiate
agar medium (soil extract medium for total aerobic bacteria and SI for total
Pseudomonas
spp. and fluorescent pseudomonads (2) enumerated under
ultraviolet irradiation, 366 nm). In the field the impact of fertilization rates
(levels of N, P and K) on population dynamics of the rhizobacteria associated
with potato crop was studied. The fertilizant dose rates used were (N:P:K as Kg
ha"): 0:0:0, 160:100:75, 100:300:75, 240:300:75 and 320:400:75. The rhizobacterial
populations were analyzed as already described for samples taken at 15, 30, 60 and
100 days after planting. Numerically dominant pseudomonads from field studies
9

were analyzed for siderophore production in succinate medium (3). These
isolates were used for "in vitro" antibiosis assays against the potato fungal
pathogen Fusarium oxysporum in media with or without iron. Selected isolates
were used for a greenhouse inoculation experiment (bacterial straisns were
grown in KB media for 48 hs, washed from media in 0.1 M MgS04 and diluted to
a final concentration of approximately 10^ cfu/ml; seed pieces were inoculated
with the bacterial suspension and planted in plastic bags containing an
unsterilized soil collected from a field at León). Plot design was a randomized
complete block with six replications.
RESULTS AND DISCUSSION
Rhizosphere bacterial populations analyzed follow a similar growth pattern
inasmuch as the sites sampled; there was not a difference in the magnitude
neither it was affected by the fertilizant dose applied. Total aerobic bacterial
population ranged from 10^ to 10** cfu/g dry soil; the peak was reached at 60-70
days after planting. Total Pseudomonas spp. ranged from 10^ to 10^; the
fluorescent bacterial pseudomonads ranged from 10^ to 10-5 cfu/g dry soil.
Fluorescent strains of pseudomonas differ considerably in the types and numbers
of compounds they produce that potentially can contribute to biocontrol activity.
All the numerically dominant fluorescent pseudomonas tested were positive for
the siderophore production. Antagonistic interactions, including those caused
by antibiotics or siderophores, between rhizobacteria and other root microflora
resulted in the exclusion of deleteriuos bacteria and fungi from the rhizosphere
and could account, in part, for growth and yield increase. Antibiosis "in vitro"
toward F. oxysporum was developed by some of the fluorescent rhizobacteria 1
isolates tested; the inhibitory effect was eliminated in three of four isolates when
iron was supplied to the medium. This could be explain considering the presence
of another inhibitory mechanism different from the iron starvation imposed.
CONCLUSIONS
It is well known that "in vitro" antagonism is not necessarily linked to a growth
promotion effect in the field; in the inoculation greenhouse assay the strais tested
showed different effect on the potato development. Shoot dry weight was
statistically different from the control; some strains increased whereas others
decreased the yield in 20%. There was not a direct correlation for "in vitro"
inhibition of fungal pathogen and yield, remarking the complexity of
interactions between plats and microorganisms.
REFERENCES
1. Kloepper, J.W., R. Lifshitz and R.M. Zablotowicz, 1989, Free-living bacterial inocula for
enhancing crop productivity. TIBTECH 7: 39-44
2. Gould, W.D., C. Hagedorn, T.R. Bardinelli and R.M. Zablotowicz, 1985, New selective media for
enumeration and recovery of fluorescent pseudomonads from various habitats. Appl. Environ.
Microbiol. 49(1): 28-32.
3. Philson, S.B. and M. Llinés, 1982, Siderochromes from Pseudomonas fluorescens.. J. Biol. Chem.
257(14): 8081-8085.
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Response to inoculation with Azospirillum spp. in corn (Zea mays
L.) under field conditions in the Province of Tucuman,
Argentina.
E.L.UIIa*, J.A.Amigo, J.J.Kairuz y C.H.BeWone.Cdtedra
de
Microbiologic
Agrlcola.FacultaddeAgronom(ayZootecnia.UniversidadNacionaldeTucumón.Avda.Roca
1900.4000 SM.de Tucumón.Repüblica
Argentina.
Introduction. The corn crop is traditional in Northwest of Argentina.In the Province of Tucumaïi the
cultivated area is about 40500 has(5), distributed in two agroclimatic different areas.90 % is located in the
Semiarid region with an HI of -20 or -40 and 10% in the Humid region with an HI of 80 or 60.(7)
The utilization of fertilizers is restricted because of their high prices and the low productivity of corn in this
area.
This make necessary to create non-conventional agicultural systems in which fertilizers are not used.One
of these systems could be the use of rhizosphere microorganisms which would enhance the plant growth
with a lower cost.This is the case of Azospirillum spp. that grows in association with roots of different
species of Graminae.The effects of this associations were studied in many countries with contradictory
results.This effect includes: atmospheric Nitrogen fixation;growth regulators, siderophores, antibiotics
and cianhidric acid production. All this factors will result in an increasing corn yields.(3,6)
Increases in yieldings up to 37-48% were detected in some experiences carried out in Argentina on the
association Azospirillum-mayze.(l,4)
Considering this promisorious antecedents and the fact that experiencies of this nature have not been carried
out in our region, we decided to determine the effects of inoculation on a mayze cultivar in the more
important cultivated area of Tucuman under conditions of traditional cultivation.
Materials and Method. The experience was carried out in a farm located in Tacanas(Leales Department)
corresponding to the Semiarid Chaco-Pampeana Plain area.Soils corresponded to an Haplustoll entic with
silt loam texture (8), pH 6.5, C%: 1.02, C/N: 12/75, P: 5 ppm, NH/: 14 ppm, N0 3 : 6,7 ppm.
2 has. were sown with the hybrid Pukaio INTA under a completely randomized design.
The treatments were: T) Non-inoculated and I) Inoculated with Azospirillum spp.
The liquid inocule was prepared in the Department of Agricultural Microbiology by using and strain isolated
from the inside of mayze roots, with a density of 10' cells/ml (2)
Inoculation was made in a shed, wetting seeds(previously cured with Thiram) with the inocule.Then they
were put into the sowing machine. Seeding was made at a density of 5 seeds per meter.
The following parameters were used in the evaluation of results: Stem: diameter, lenght and height to the
first tassel. Leaf: weight and percentage of Nitrogen. Seed: weight and percentage of Nitrogen. The leaf
used in the analysis was the one located opposite to the last tassel. Percentage of Nitrogen was determi ned
by using the Kjeldhal method. Determinations were made on 100 plants extracted at ramdom.
Results and Discussion. Results are expressed in the following tables.
Table 1. Mean values of stem diameter, lenght and height to first tassel.
Parameters
Non-inoculated
Diameter(cm)
1.89
Lenght(cm)
263
Height to 1" tassel(cm)
117

Inoculated
2.39
277
124

II

Table 2. Mean values of dry weight and percentage of Nitrogen in leaves.
Parameters
Dry weight(gr)
Nitrogen (%)

Non-inoculated
5
1.75

Inoculated
1.5
2.38

Table 3. Mean values of weight and percentage of Nitrogen in seeds.
Parameters
Weight(kg)
Nitrogen(%)

Non-inoculated
16.5
2.7

Inoculated
22.0
2.9

These results express an increase of 33,33 % in grain yieldings possibly due to the fact that inoculated plants
have a better nutrition than non-inoculated ones.
As a result of this experience we can conclude that using this agronomical practice might be a biological
alternative to increase grain yieldings under these soil conditions.
We consider necessary to continue working on the selection of strains and maize cultivars better involve
in the bacterium-plant-soil interaction.
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Response of Bean genotips to the inoculation with
Rhvzobium phaseoli in irrigated and dryland farming.*
J. Huerta 0 , J.A. Flores, J . I . Nunez, F. Marmoiejo and A. Buen-Abad.
School of Agriculture, UASLP, San Luis Potosi. S.L.P., Mexico.
Introduction. The bean is sowed in practically all the states in Mexico. In San Luis
Potosi state, an average 95,000 Has. is planted every year, of which 92 % are cultivated
in dryland system and only an 8 % in irrigated farms. Fertilizers are applied in 40 % of the
irrigated lands and only in 0.42 % of the dryland. Looking for an autorregulation in the
production and use of nitrogen, the following field experiment had as an objective to
determine the ability to substitute the nitrogenous fertilizers with Rhvzobium phaseoli in
different varieties of bean for irrigated lands and to determine the response to the
inoculation in varieties for dryland, measuring the yield and amount of nitrogen.
Materials and Methods. The field experiment was divided in two locations. One for the
irrigated fase which was the Experimental Station of the School of Agriculture of the
Autonomous University of San Luis Potosi (UASLP) located at Lat.22°51' N. and
Long.l00°13' W. and at 1,850 meters above the sea level with soils of medium texture,
7.6 pH, salt free, medium content in organic matter but rich in P205 and K20 usables.
Three bean varieties were used as a factor "a" as follows: a.1 "Canario 107" (long term
cycle), a.2 "Flor de mayo Bajio" (nu.cycle), and a.3 "Bayo" (l.t.cycle). On the other hand,
the suppliers of nitrogen were used as a factor "b" as follows: b. 1 Nitragin strain, b.2
Mixed strain (Rhvzobium phaseoli mixture from the 2.1 and 12.1 strains isolated in the
CINVESTAV from Irapuato, Gto., Mexico), b.3 60 Kg. of N/Ha., and b.4 0 Kg. N/Halt was supplied 60 Kg. of P205/Ha. in all the cases. The experimental design was an array
in divided parcels with distribution in randomized blocks. The second location stablished
for the dryland fase was selected in Villa de Arriaga, SLP, which is located at Lat. 21°55'
N. and Long.l01°22' W., dry climate type BskwG, semiarid temperate. The location has
sandy loamy soils, 7.1 pH, salt free, organic matter of 1.07 %, 20 Kg./Ha. P 2 0 5 and 1,800
Kg K20. Six varieties were used (Figure 3) treated with Nitragin strain, commercial
Rhvzobium phaseoli strain (with inoculant) and without inoculant (non treated). The
following evaluations were made: number of grains per sheath, sheats per plant, Kg/Ha.
performance and nitrogen percentage in leaf obtained with the Kjeldahl method in
superior leaf mature counted 45 days after the sowing was made.
Results and discussion. Location 1: There was significant difference found only between
the varieties in the quantity of sheaths per plant; the nitrogen suppliers strongly influenced
the production levels, grains per sheath and nitrogen percentage in leafs counted 45 days
after the sowing. (See Figure 1). The inoculation has made a positive effect in yield in the
three varieties used and it was strongest when the 60 Kg. N/Ha. treatment was used.
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The highest nitrogen percentage was found in the Nitrogen fertilizer treatment, but
the effect was not clear with the strains treatments. The yield increase percentage vs. the
control treatment is promising when the inoculant is used (Figure 2).
Location 2: The ANOVA is included in the Figure No. 1. It is possible to find
significant differences (*) only in yield and grains per sheath variables. There were an
increase in the nitrogen percentage when the inoculant was applied in the L-297-8-SM,
Bayo and Flor de Mayo variétés which, by the way, are the varieties with the greatest
performance increase (see Figure No.3). The response to the inoculation not only in the
nitrogen level but in the performance, is reported in the Bayo and the Flor de Mayo
variétés. This is similar to the results reported by Lee and Linderman (1) and Leyva (2).
The inoculation had positive effects on the performance level and in the nitrogen
fixation in the three varieties tested in the irrigated system. The nitrogen substitution was
different and varied according to the variety. The inoculation in the dryland system had
positive effects only in the performance of the Bayo and L-297-8-SM varieties. A better
performance because of a better nitrogen fixation is a trend.
Literature cited .
1. Lee, R. and B,Lindermann. 1983. "Fijación de nitrógeno en frijol comün en la region sur
de Nuevo Mexico, EUA y la Norte Centra de México". Rev. Terra: 2. SMCS. México.
2. Leyva R, G. et a/1991. "Eficiencia en la fijación de nitrógeno segün tipo de frijol
inoculado con Rizobios producidos en diversas fuentes de carbono" Memorias del XXIV
Congreso SMCS. México.
Figure 1. ANOVA and signifkancy (*) of the variables evaluated in irrigation and dryland systems.
Means square
Sources of
variation.
Performance
Sheats/plant
Grains/plant
Nitrogen'.

1 'ariettes
1961
19608*
3.062
0.323

Irrigated
.V suppliers
1.795*
2.305
2.076
0.719*

Interaction
0.1062
14.555
0.7014
0.1431

Dryland
Treatment
105669.71*
203
0.525*
0.337

Error
21419.35
1.175
0.138
0.322

Figure 2. Performance, performance increase % and Nitrogen % in irrigated system.
Nitrogen (%)
Treatment
Kg/Ha.
Perf.mcr.(%)
3.14
1
albl
2384.845
9.43
3.62
alb2
2449 450
12.39
2
3.87
3
alt>3
2455.806
12.69
4
alt>4
2179254
3.25
a2bl
2301.433
8.06
3.81
5
3.34
6
a2b2
2428.540
14.05
7
24.61
463
a2b3
2649.737
3.48
8
a2b4
2126.388
3.44
9
a3bl
2004.913
7.33
10
12.37
3.22
a3b2
2099.038
11
a3b3
2372.861
27.03
3.80
a3b3
1867.930
3.39
12
(- — ) It is considered as the control treatment.
Figure 3. Increase in performance and Nitrogen percentage in leaves, under dryland condition!i
I 'arteties
PerformancefKg'Ha)
Increase
Nitrogen %
w. woe. w.o.tnoc.
w.moc. v .o.moc.
A7
Kg./Ha.
559.16
392.49
166.67
2.62
2.18
2.4
42.46
1) L-297-8-SM
450.55
479.44
-28.89
-602
2.85
3.0
2.92
2) Flordem. B.
3) Canario 107
432.08
439.72
-7.64
-1.63
3.22
3.42
3.32
-63.47
Peruano
619.02
682.49
-9.29
2.87
3.12
299
4)
Bavo
939.02
744.70
3
19
194.3
26.09
3.44
3.31
5)
703.05
649.30
53.74
8.27
2.4
3.42
2.91
6) FlordemRMC

%
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VERMICOMPOST AS AN ALTERNATIVE CARRIER FOR THE PRODUCTION OF
RHIZOBIUM INOCULANTS
N. Rodriguez-Mendoza and R Ferrera-Cerrato. Soil Microbiology Section,
Centro de Edafologla, Colegio de Postgraduados, Montecillo 56230,Estado de
México, MEXICO.
INTRODUCTION. Rhizobium inoculants can be in powder, granular, liquid or even aerosol
form. The quality of an inoculant depends on the properties of the carrier. This should
have the capacity for holding a large quantity of bacteria (109g_1), provide them with
nutrients, and be free of toxic substances which might affect the microorganism (1). For
powdered inoculants, peat is the most common carrier used. However, it is sometimes
difficult to obtain and so substitutes such as charcoal, bentonite, alfalfa flour, powdered
(sugar cane) pulp, among others are sought out. One possibility that has not been explored
is the use of vermicompost (organic matter that has been processed by earthworms).
Vermicomposting has been used to process organic waste of agricultural, urban, and
industrial origin to produce humus which is most commonly used as organic fertilizer (2).
The objective of this study was to evaluate different vermicomposts in terms of retention
and survival of Rhizobium.
MATERIALS AND METHODS. The vermicomposts used were made from green plant
material + dry plant material + soil (VC1), coffee pulp (VC2), horse manure (VC3),
manure + coffee pulp (VC4), a mixture of green and dry plant material + manure + coffee
pulp (VC5). These were compared with peat (P) obtained from the Nitragin Laboratories
(Guadalajara, Jalisco, México) and with a vermicompost from Ecuador (VC6). The pH,
organic matter content, nitrogen, phosphorus, and ash were determined for each carrier, and
fungi, bacteria, and actinomicetes were quantified. The carriers were ground, sifted,
sterilized, and later inoculated with a liquid culture oiRhuobium leguminosarwn bv phaseoli
with a population of 109 bacteria mL"1. The amount of liquid varied with the capacity of
absorption of each of the materials. Using the decimal dilution method and the medium
manitol agar red congo yeast extract, rhizobia population was quantified at 0, 2, 5, 10, 15,
22, and 30 days after inoculation. During this time the inoculants were kept in an incubator
at 28 °C.
RESULTS AND DISCUSSION. Population of Rhizobium increased two days after the
incorporation of the bacteria into the carrier, except in the vermicompost produced from
the mixture of plant material and soil (VC1) (Fig. 1). The carrier which supported the
greatest number of rhizobia was the peat (P) from the Nitragin Laboratories with a
logarithm of the population of 9.8 bacteria g"1 peat at 30 days. This was to be expected
because the carrier is of the high quality required for commercial production of inoculants.
Among the vermicomposts, that made from horse manure (VP3) maintained a logarithm of
the population of 8.8, while the coffee pulp compost (VC2) maintained a logarithm of 8.6
g"1. These rates are considered acceptable since in the literature humus is mentioned as a
source of energy for the growth of nitrogen-fixing bacteria (3), and an inoculant considered
15

of good quality is that which has a population of from 107 to 109 rhizobia g'1, populations
which were found in the carriers tested. In the manure and coffee pulp vermicompost (VC4)
a lower logarithm of the populations was obtained (8.0) than in those made from manure
or coffee pulp only. The same logarithm was obtained with the Ecuadorian compost (VC6)
(log 8.0). All of the survival rates were high, indicating that all of the carriers are
acceptable. The results show that the vermicomposts made from horse manure or coffee
pulp are the most promising as carriers in the production of inoculants. This is especially
true for coffee pulp which is easy to obtain in the coffee producing regions where it could
be transformed into high quality vermicompost and could be considered as an alternative
to the use of peat in the production and transport of bacteria.

Fig. 1. Survival of Rhizobium leguminosarum bv phaseoli (CpMex 1) indifferent
vermicomposts. (VCl=green plant material + dry plant material+soil;
VC2 = coffer pulp; VC3= horse manure; VC4 = manure+ coffe pulp; VC5 = mixture
of VC1, VC2 and VC3; VC6= vermicompost from Ecuador; P=peat Nitragin)
LITERATURE CITED.
(1)
HADOR, Y. 1986. The role of organic matter in the introduction of biofertilizers
and biocontrol agents to soils. In: Y. Chen and Y. Avnimelch (ed.). The role of organic
matter in modern agriculture. Martinus Nijhoff Publishers, p. 169-180.
(2)
RADHA, D.K., B.C. MALLESH, B. KUBRA and DJ. BAGYARAJ. 1992. The
adaptation value of reproductive strategy and mode in three epigeous earthworm species.
Soil Biol. Biochem. 24:1317-1320.
(3)
JODICE, R. and P. Nappi. 1986. Microbial aspects of compost application in
relation to mycorrhizal and nitrogen fixing microorganisms. In: M. de Bertoldi Ferranti
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Elsevier Applied Science Publishers, p. 420-439
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Evaluation of Rhizobium leguminosarum Biovar Phaseoli
Strains on Phaseolus vulgaris L. in the Humid Tropic of Mexico
Duran, A.l, J. Espinosa-M.2 and J. Cumpianl. 1. Programa de
Leguminosas Comestibles. CIRGOC. INIFAP. Apdo. Postal # 429, Veracruz, Ver.,
México 91700. 2. Planta Piloto de Fermentación. I.T.V. Apdo. Postal # 12 Dir.
Correos 3 Veracruz, Ver. México 91850.
Introduction. Nationaly and internationally recommended strains of

Rhizobium

leguminosarum

Biovar phaseoli

in the humid tropic of

México was reinitiated at the begining of the 80's. This effort in
trying to identify new effective and competitive strains for
Phaseolus vulgaris
which would be adapted and able to colonize
under tropical enviroment was undertaken in orden to take advantage
of biological nitrogen fixation with tropical black beans. From
the beginning of the Agricultural Experimental Station "Cotaxtla",
some studies were performed on bean inoculation, and as a result,
a recommendation for using Pagador inoculant and later Nitragin was
obtained even through it was never adopted by farmers. In spite of
recent advances in nitrogen fixation with beans, it is still a
difficult research area wich is not fully understood and exploited;
it deserves all kind of support, first to know the ecology,
agronomy, phisiology, applied microbiology, biotechnology and so
for in orden to identify limitations and to overcome them.
Materials and methods. Studies were done in 1980-1982 and 19871988. In those years 12 strains from CIAT (International Center for
Tropical Agriculture), Colombia and from Chapingo Postgraduate
College, México were evaluated together with Nitragin (mexican
company) N+ and N- controls. These studies were performed in three
sites; south, north and central Veracruz. (C.E.Papaloapan, C.E.
Papantla
and C.E. Cotaxtla). Trying to evaluate new promising
strains for reducing inputs that are used for bean cultivation
(substitute or reduced nitrogen fertilizer), this research was
reinitiated with thirteen strains (1991-1993):
1) International Center for Tropical Agriculture (CIAT), Colombia.
2) United States Department of Agriculture (USDA), U.S.A.
3) Soil Science Departament of Minnesota, U.S.A.
4) NifTAL Project, University of Hawaii, U.S.A.
5) MIRCEN, Porto Alegre, Brasil. Production systems applied were;
uniculture and bean-sugar cane intercroping.
Results and Discussion. Results showed some strains could be used
for inoculation because they have properties such as, stablishment
and competence
with indigenous bacteria under acidity and
temperature conditions of the area. Strains with these properties
are: IPAGRO-4064, TAL-1865 and CM-12 that on an average increase
grain yield 22.6, 12.4 and 8.0% respectively over the N- control
(Fig. 1). IPAGRO-4064, CM-12, USDA 2676 and TAL-1865 are being
validated over an area of 1.0 ha with Negro INIFAP black bean
variety in central (C.E. Cotaxtla) and Negro Cotaxtla-9l in south
(C.E. Papaloapan) of Veracruz.
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FIG.1. YIELD RESPONSE TO INOCULATION OF
BLACKBEANS WITH STRAINS OF Rhizobium IN
TWO LOCATIONS OF VERACRUZ, MEXICO
GRAIN YIELD (Kg/Hg)

TREATMENTS
STRAINS

^2

N-P (KB/Ha|

C.E. COTAXTLA. FULL-WINTEP. 1802-43
•• YIELD INCREMENT/PHOSPHOBUS
CtflQOC INIFAP. 8AHH. ««NATION
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Single Strain versus Multistrain Inoculation: Field
Response of Groundnut to Bradyrhizobium Strains Under
Different Agroecological Regions of Bangladesh
M.A. Sattar, and A.K. Podder. Soil Microbiology Laboratory, Bangladesh.
Institute of Nuclear Agriculture (BINA), P.O. Box 4, Mymensingh 2200,
Bangladesh
Introduction. Bangladesh includes a wide range of soil and environmental
conditions. There are 30 agroecological regions and 88 subregions all of which
are deficient in nitrogen content. The use of urea is recommended to obtain
higher yield of crops (1,2). The response of groundnut (Arachis hypogaea L.) to
rhizobial inoculation is not consistent with varied dimension from nil to almost
100%. Again rhizobial strains isolated from one soil condition (viz. Old
Brahmaputra Floodplain) did not perform well in other soil condition (viz. Ganges
Tidal Floodplain) and vice versa. The use of different strains for different soil
regions/subregions is cumbersome and not feasible. In some countries like
Australia, only single strain inoculants are produced to prevent possible
dominance and antagonistic effects of a particular strain in the mixture (5) to
be able to diagnose loss of effectiveness and to facilitate quality control (6).
Multistrain inoculants are produced in some countries (viz. U.S.A.) to provide
a compensatory mechanism to theoretically meet the constraints imposed by the
host-strain-environment interactions, which is impossible with single strain
inoculants (3). In this investigation, we examined the performance of single
strain and multistrain inoculants and urea levels at various agroecological
regions of Bangladesh.
o

Materials and Methods. Field inoculation trials were set up with groundnut (cv.
Dacca-1) at six ecologically diverse sites (Dinajpur, Rajshahi, Ishurdi, Jessore,
Salna and Mymensingh) where pH status (5.8-8.0), organic carbon (0.34-1.07%),
exchangeable sodium (0.09-0.35 m.eq. %) and number of native groundnut rhizobia
(38-25xl0'/g soil) varied between sites (1,4). Each site received five local
single strain inoculants (BINA-GN-7, BINA-GN-20, BINA-GN-21, BINA-GN-24 and BINAGN-26), two multistrain inoculants (Local mixed : BINA-GN-7 + BINA-GN-21 + BINAGN-24 and Exotic mixed : NC 92 + TAL 169 + RCR 3910) and two urea levels (@20
and 50 kg N/ha) with a control (no inocula and no urea level). Triple super
phosphate (@60 kg PiO,/ha), muriate of potash (@ 40 kg K,0/ha) and gypsum (@20
kg S/ha) were applied as basal dose to each of the plots (4 m x 5 m) before one
day of planting seeds. The experiments were conducted during January-June, 1988
following randomized block design with four replications. Row to row and plant
to plant distances were maintained 40 cm and 15 cm respectively.
All the rhizobial strains were grown separately in yeast extract mannitol broth
culture to a concentration of 10' cells/ml (7). Forty milliliter of each culture
was injected into 100 gm of autoclaved peat in separate polyethylene bags. For
mixed culture inoculants, broth cultures of three selected strains were combined
in equal volumes. Forty milliliters of these combined broth cultures was injected
into 100 ml of autoclaved peat. Peat inoculants thus prepared were inoculated for
two weeks at 28'C, counted (8.14 x 10' - 5.32 x 10' cells/gm peat) and stored
under refrigeration until used. Immediately before planting seeds were coated in
separate container with respective inoculant (50 gm/kg seed) using sugarcane
molasses (40 gm/kg seed) as sticking agent.
Data on nodule number and weight and dry matter were recorded at 90 and 120 days
of planting by uprooting five plants from each of the plots. Dry weight was
determined after drying at 65'C for 48 hours. Pods were harvested at
physiological maturity. Separate statistical analyses (ANOVA) were carried out
for each site and LSD (P = 0.05) was used to compare treatment means..
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Results and Discussion. Groundnut responded significantly to inoculation in five
of six sites with the yield of inoculated being 15-64% higher than that of
uninoculated crop. Control also showed nodulation which should have been caused
either by naturalized rhizobia in the soil or by ones coming in due to
contamination from the adjoining plots during heavy rains. Inoculation with Local
mixed culture recorded maximum nodules, nodule mass and dry weight of shoot at
90 and 120 DAP and pod yield in most locations. Single strain BINA-GN-26
produced higher nodules at Rajshahi and Ishurdi at 90 DAP and pod yield in
Dinajpur only. Strain BINA-GN-7 induced more nodule weight in Ishurdi, and shoot
weight in Dinajpur, Rajshahi and Salna at 90 DAP. Maximum shoot weight by BINAGN-20 in Ishurdi and by BINA-GN-21 in Jessore were also recorded at 90 DAP.
Exotic mixed culture was found inferior to Local mixed culture but identical with
single cultures in most soils.
Urea at 20 kg N/ha performed better than 50 kg N/ha in recording total nodules
and nodule weight in some cases but not in dry matter production in most
cases.Inoculants of either form (Single, Mixed, Local or Exotic) were found to
be better than urea levels and uninoculated control at all agroecological regions
in almost all the parameters under investigation. Single strain inoculants
behaved differently in different locations with inconsistency in most cases.
Single strain inoculant can be an excellent inoculant for a specific site but
multistrain culture performed better in all the sites indicating broad spectrum
nature of biofertilizer. Thus, the multistrain inoculant can be recommended to
obtain higher yield of groundnut in Bangladesh.
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Bradyrhizobium Inoculation Effects on Yield of Lupinus spp.
Under Field Conditions.
L.L. Barrera, R. Nava, G. Davila and F.J. Garcia. Biotechnology Department.
Centro de Desarrollo de Productos Bióticos, I.P.N. Apdo. Postal .24 Yautepec,
Mor. C.P. 62730, Tel. 91 739 4 20 20.
Introduction. Bradyrhizobium strains differ in their fix nitrogen ability. Therefore yield of field
lupino {Lupinus spp.) is influenced not only by environment and plant genotype but also by the
bacterial genotype contained in their nodules (3,4).
In greenhouse experiments at the Centro de Desarrollo de Productos Bióticos of I.P.N., isolates of
Bradyrhizobium had been preselected for symbiotic efficiency.(2) In order to examine if the strains
could increase lupino yields under field conditions.
Materials and Methods. Studies were conducted in Morelos, with soils uighly fertile, acid, loamy
sand and high soil nitrogen content (0.358 % N) to examine the impact of Bradyrhizobium
inoculation and N fertilizer on lupino yield components. Four Bradyrhizobium strains (CPB-70,
CPB-89, CPB-90 and USA 3061) were compared separately with non-inoculated lupino controls
and with nitrogen (60 Kg/Ha Urea). The experiment was conducted in a randomized complete
block design with 5 repetitions.
Results and Discussion. There are differences highly significan betwen the yield components
studied. The inoculated treatments with strains CPB-89 and CPB-90 produced higher dry weight
and nitrogen percentages in the leaves compared to non-inoculated lupin controls and non-nitrogen
fertilized controls. The inoculation increase 20 a 40 % greater dry weight than non-inoculated
controls. This effect decreased with addition of N fertilizae. The number of nodules per plant was
higher with strain CPB-90 and nitrogen fertilizer controls inhibited the nodulation. Nitrogen
fertilizer did not increase significantly the dry weight or nitrogen percentages and inoculated plants
at zero N was always greater (1). These results indicate the importance of Bradyrhizobium
symbiosis in lupino for increase dry weight and nitrogen percentages.
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Evaluation of Selected Strains of Brady rhizobiumjaponicum for
Soybean (Glycine max L. Merril) and Prospective Inoculant
Manufacturing at a Pilot Plant for Commercial Soybean
Production in Veracruz, Mexico
A. Duranl, J. Espinosa-M2., and J. Cumpianl.. /. Programa de
Leguminosas Comestibles. CIRGOC. INIFAP. Apdo. Postal # 429, Veracruz, Ver.,
México 91700. 2. Planta Piloto de Fermentación. I.T.V. Apdo. Postal # 12 Dir.
Correos 3 Veracruz, Ver. México 91850.
Introduction. There is a limitation on corn crop stablishment
because of the irregulanties of the heavy and intense initial rains
during the rainy season in central and southern parts of Veracruz
state. Soybean is a potential crop substitute of corn to this
problem and involves about 20,000 hectares with planting dates from
June 15 to July 15 for short cycle varieties and from June 15 to
July 30 with late cycle varieties. Successful introduction of
soybeans
is
very
dependable
on
efficient
Bradyrhizobium
inoculation. However, there is neither information about the
manufacture of commercial inoculants not about quality control of
them which is very important. The objective of this research was to
generate information in order to write a soybean production guide
for local farmers.
Materials and methods. Seven different selected strains of
Bradyrhizobium
japonicum
were obtained from:
1) NifTAL Project, Hawaii University, U.S.A. 2) United States
Department of Agriculture, U.S.A. 3) Soil Science Department,
University of Minnesota, U.S.A. They were evaluated against
commercial (local and imported) inoculants, N+ and N- controls.
Different parameters were evaluated during three consecutive years
1990-1992 (spring-summer) here we show yield as main variable
recorded. Since 1991 commercial
soybean were inoculated with
inoculant manufactured using USDA 3 lib 110. The quality control
tests of commercial inoculants were performed by using plant
dilution technique.
Results and discussion. Experimental results showed an increase on
grain yield over the phosphate fertilized control in a range from
17 to 52%. Commercial inoculants were unable to show an increase on
yield, with the exception of Triple Noctin L which yielded a 12%
increase (Fig. 1). Quality control of commercial inoculants showed
no Bradyrhizobium
bacteria on them. Nitrogen fertilization to the
soil can be omitted if anyone of the better strains studied is used
for inoculant manufacturing, such as 3 lib 110, which was used for
30 and 34 hectares during spring-summer in 1992 and 1993
respectively. These resulted on an average yield of 2.5 and 3.0
tons per hectare, wich was superior to a 2.0 ton per hectare yield
obtained when Mexican Nitragin inoculant was used (Fig. 2 ) . Up to
now we were able to produce peat based soybean inoculant for 2,000
hectares at a pilot scale for local farmers if soybean were adopted
for commercial production . This inoculant facility could be easily
scaled up to 40,000 to 60,000 hectares requirements.
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FIG.1.S0YBEAN YIELD OBTAINED WITH
COMMERCIAL AND EXPERIMENTAL INOCULANTS
AT CENTRAL REGION OF VERACRUZ STATE.MEX.
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Studies on Abundance and Seasonal Variability of
Lentil {Lens culenaris) Rhizobia in Some Soils of
Bangladehs
A.K. Podder. Principal Scientific Officer, Bangladesh Institute of Nuclear
Agriculture, P.O. Box 4, Mymensingh, Bangladesh

Introduction :
In order to grow legumes successfully, it is necessary to have
the specific Rhizobium
for that legume in the soil. It is also
necessary to have at least a minimum number of rhizobial bacteria
in order to obtain abundant legume nodulation. In certain soils
particularly tropical soils, it is difficult for the Rhizobium
to
survive because of unfavourable environmental conditions, i.e. high
temperature, drought, acidity, metal ion toxicity etc.Sharma et al .
(1983) reported that inoculation response was better where previous
nodulation was poor or moderate. However, number of rhizobia
applied to the soil compared with the number already in the soil
remains the most practical way of predicting the success of
inoclation.
Materials and Methods :
Soil samples were collected from the seven soils of Bangladesh
at the depth of 0-15 cm and 15-30 cm in the month of (i)
January/February, (ii) May/June and (iii) September/October. A
composite sample representing each sampling site was made and
processed for physical and chemical analysis. For microbiological
analysis, soil samples were kept at 4'C.
Results and discussion :
Textural classification of soils representing seven soil
tracts varied between loam, clay loam and sandy clay loam. Highest
pH (7.9) was observed in saline tract followed by Genetic aluvium
(7.4), Brahmaputra alluvium (6.8). Barind tract (6.8) and Teesta
silt (6.7). Lowest pH (5.4) was recorded in Madhupur tract soils.
Maximum concentration of total nitrogen (0.101%),
available
phosphorus (11.4 ppm) and exchangeable potassium (0.55 meq%) was
obtained in Hilly tract, Teesta silt and Saline tract respectively.
Lowest concentration of nitrogen (0.051%), available phosphorus
(5.9 ppm) and exchangeable potassium (0.07 meq%) was recorded in
Saline tract, Barind tract and Brahmaputra alluvium respectively.
Hilly tract soil contained maximum amount (0.78%) of organic carbon
followed by Madhupur tract (0.76%). Gangetic alluvium soils had
highest cation exchange capacity (30.4 meq%). Rhizobial cells were
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detected in all the soil tracts of Bangladesh with wide variations
in their population density. The most probable number (MPN) counts
of lentil rhizobia was higher in top soils (0-15 cm depth) and
relatively scarce in sub-soils (15-30 cm depth). The maximum MPN
(7048/g of soil) count of lentil rhizobia was recorded in Gangetic
alluvium soil in late winter (January/February). While the lowest
number (13/g of soil) was observed in Saline tract soil in early
winter (September/October). Overall cell number of lentil rhizobia
was higher in late winter than late Summer (May/June) and the
minimum number was in early winter except for Hilly tract where
higher cell count was recorded in late summer.
The soils collected from the seven tracts varied widely in
relation
to their physical
and chemical
properties. Those
characteristics along with environment and cropping
history
expectedly has an influence on the numbers of Rhizobium
present as
together they affect their growth, survival and distribution in
Bangladesh soils. From the results, it was clearly seen that
Rhizobium
number tended to be high in the Gangetic and Brahmaputra
alluvium soils, intermediate in Teesta silt, Hilly and Barind
tracts, and consistently low number in the Saline tract. This is
probably predominately related to the prevalence of the previous
legume cropping history. Legume are widely cultivated in the
alluvial soils but only very occasionally in the saline areas.
Conclusion :
There was wide variation in MPN count of lentil rhizobial
population. Variation in MPN count may be due to the variation in
soil properties, agroecological differentiation, seasonal effect
and previous cropping history.
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Nodulation of Non-Legume Crops: Interactions of Rhizobia
with Emerging Lateral Roots
E. C. Cocking, J. S. Srivastava, S. L. Kothari, G. Webster, C. A. Batchelor and

M. R. Davey. Plant Genetic Manipulation Group, University of Nottingham,
Nottingham NG7 2 RD, U.K.
Introduction.
Our previous studies at the Univesity of
Nottingham have demonstrated that naturally occurring rhizobia,
such as those isolated from root nodules of Parasponia
species
(CP283), the only non-legumes currently known to be effectively
naturally nodulated by rhizobia, and those isolated from stem
nodules of tropical legume Aeschynomene
(ORS310) and
Sesbania
(ORS571) species, invade the primordia of emerging lateral roots
of rice, maize, wheat and oilseed rape (1,2 and 3 ) . In this
paper we describe further studies to characterise this entry of
rhizobia and the subseguent penetration of rhizobia between and
into cells of the cortex of developing lateral root nodules.
Materials and Methods.
Seeds of maize (variety John Innes
hybrid), wheat (variety Wembly), rice (varieties IR42 and Lemont)
and oilseed rape (variety Rafal) were surfaced sterilised with
70% ethanol, followed by 0.5% w/v mercuric chloride and then by
washing with sterile distilled water.
After germination,
seedlings were transferred into glass jars, Petri dishes or glass
tubes containing nitrogen-free culture medium and inoculated with
Controls were set up without
cultures of rhizobia (10 /ml).
inoculation with rhizobia.
Rhizobia were maintained on YEM
medium and bacterial suspensions were prepared as previously
described (2). Shorter, thicker lateral roots (STLRs) that were
forming as a result of interaction with rhizobia were identified
morphologically. Such selected lateral roots were prepared for
light microscopy as previously reported (2) with embedding in
L.R. White medium grade resin and sections (2.0 urn) for light
microscopy were stained with 0.5% w/v toluidine blue.
Results and Discussion.
After 3 weeks, lateral roots were
observed on inoculated maize seedlings that were shorter and
thicker than lateral roots on maize seedlings in the absence of
rhizobia (ORS310). When sections of these STLRs were examined
using light microscopy rhizobia could be seen invading the base
of emerging lateral roots, penetrating between cells at the base
of the emerging lateral roots and penetrating between cells of
the emerging lateral roots.
After 8 weeks, following the
initiation of invasion by this 'crack entry' pathway, cells of
the cortex of the STLR had been invaded by rhizobia, with
extensive accumulation of rhizobia within cortical cells of the
developing lateral root nodule.
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Wheat seedlings that had been inoculated with rhizobia, ORS310
and CP283, developed an extensive root system with numerous
lateral roots.
STLRs that might be forming as a result of
interaction with these rhizobia were selected and sections of
fixed, embedded material were examined using light microscopy
following toluidine blue staining. As in the case of maize,
rhizobia were present in numerous cells of the cortex of STLRs
developing into lateral root nodules 8 weeks after inoculation.
Studies on rice have utilised IR42 and Lemont inoculated with
either ORS310 or ORS571 showed many STLRs in which rhizobia could
be seen invading the rice root cortex at the base of emerging
lateral roots and between cells of the STLR. Under our growth
conditions the development of lateral roots on IR42 seedlings is
far more extensive than those on Lemont seedlings. Currently we
are quantifying this response, and assessing the extent of the
difference of 'crack entry' between these two varieties. We are
also currently determining the extent of biological nitrogen
fixation
associated
with
these
non-legume
crop/rhizobia
interactions using both acetylene reduction and N
dilution
assays.
These studies on the interaction of these rhizobia with these
non-legume crops have further confirmed our earlier findings that
'crack entry' of rhizobia initiates the formation of lateral root
nodules. These results suggest that lateral root nodulation of
non-legume crops by rhizobia may be occurring naturally but may
remain undetected, unless root sections are examined, since
lateral root nodules may look like short, thick lateral roots.
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Nutrients Availability for Maize and Wheat Plants Inoculated
With Azotobacter and/ or Va Mycorrhizas
*Ishac, Y.Z., *A.M. El-Gala; **M.A. Massoud; **M. Abdel Monem;
**S. Soliman, and **I.A. El-Ghandour. * Fac. Agric. Ain Shams University,
Egypt. ** Soil & Water Dept. Atomic Energy Auth., Cairo, Egypt.
Introduction: The aim of the present work is to study the
effect of biofertilization on plant growth and nutrients
uptake in maize and wheat plants.
Materials & Methods: Two pot experiments were carried out
using sandy soil to study the effect of inoculation of maize
and wheat with Azotobacter and/or VAM fungi (Ishac, 198 ) .
N labelled fertilizer was used to estimate N2-fixation and
calculation was performed according to Renni and Renni
(1983). All treatments received the same form and rates of
the required nutrients, except for P which was dressed
either as super or rock-phosphate. All chemical and
microbiological determinations were carried out as shown by
El-Ghandour (1992). Plants were individually inoculated with
Azotobacter and/or VA mycorrhizas.
Inoculated and uninoculated (control) plants received similar rates of the
recommended macro and micro-nutrients, except phosphorus
which was dressed either as super-or rock phosphate
according to inoculation treatments. The weight of dry
matter, spore numbers, mycorrhizal infection, N2-fixed,
concentrations and total uptake of nutrients by the test
plants were recorded at harvest. The radioactive phosphorus
( P) and the stable isotope of nitrogen I N) were
experimentally manipulated to study the interactions between
each element and host plant under inoculated and control
treatments.
Results and Discussion: Inoculation in general significantly
increased the dry weights of shoots in both maize and wheat
as compared with the noninoculated plants (Ishac et al.
1986, and El- Ghandour, 1992) . On the other hand, spore
number and mycorrhizal infection percentage were stimulated
according to the following order: Dual inoculation (VAM +
Azotobacter) > single inoculation with mycorrhizas (VAM) >
single inoculation with Azotobacter > noninoculation (Ishac
and Mostafa, 1991).
Similar orders were also mostly
followed for Ca, Mg, Fe, Mn and Cu-uptake by tested host
plants. But, regarding N-uptake, it was observed that
Azotobacter was more effective than VAM, and the effect of
their combination was greater than that of each of them .(ElGhandour-, 1992) . Using the nitrogen stable isotope ( N) ,
as (NH4 No3) , has shown that the amountS*of N2-f ixed by wheat
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plants were 19, 16 and 7 mg N/plant for (VAM + Azotobacter) ,
Azotobacter and VAM), respectively (El-Ghandour, 1992). This
study showed the beneficial effect of biofertilizers
application. The cheep-P source (rockphosphate) could be
recommended as P-fertilizer to be applied along with the
mycorrhizas. Also Azotobacter could improve the soil
fertility, as well as increase cereal production by its
ability to fix atmospheric nitrogen.
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Effect of the Inoculation With Mycorrhiza (V-A) and
Phosphorus Fertilization on the Growth of Aeschynomene
americana (Joint-vetch)
<L
1
1
2

A. Rhalil Gardezi* , E. Zavaleta. Mejia , R. Ferrerav Cerrato , M.
del Carmen Gonzélez2, 1Centro de Fitopatologia, 2Sección de
Microbiologie,
Department
of
Soil
Sciences,
Colegio
de
Postgraduados, 56230 Chapingo, Méx.r México.
Introduction. Aeschvnomene amer icana has been used extensively as a plant cover
in marshy areas of Java, as a green manure crop, and as a forage crop in tropical
America and Indonesia. Recently, it has been studdied extensively in the
Southeast
of the United States. (1) . There is abundant evidence of the
effectiveness of leguminous green manures in supplying nitrogen for crop
production (2) . Also, the usefulness of mycorrhizal fungi for increasing the
availability of plant nutrients has been demonstrated (3,4) . The purpose of this
study was to observe the response of Aeschvnomene amer icana to the inoculation
With Glomus sp. Zac-19, alone and in combination with four levels of phosphorus
fertilization.
Materials and Methods. Aeschvnomene americana seeds were sterilized with sodium
hypochlorite (0.06% NaCIO) and pregerminated in trays with sterile volcanic tuff.
When the plants reached a height of 10 cm, they were transplanted to black
polyethylene bags containing one kilogram of fumigated (methyl bromide) clay
soil, pH 6.8 low in nitrogen, organic matter and soluble salts. Eight treatments
corresponding to all combination of two levels of mycorrhiza (with and without)
and four rates of phosphorus fertilization (0, 50, 100 and 150 ppm of P205) were
tested. The treatments were replicated four times in a completely randomized
experimental design. The inoculation was made at the time of transplanting using
6g of mycorrhizal inoculum (10:1 mixture of sand and alfalfa roots 66.8%
colonized with Glomus sp. Zac-19) . The following variables were measured 130 days
later: plant height, stem diameter, dry weight of roots, root volume, leaf area,
dry weight of the aerial portion and percentage of mycorrhizal colonization.
Results and Discussion. Plant growth of Aeschynomene americana was increased both
ways by inoculation with mycorrhiza and by fertilization. Plant height was
greatest in the treatment inoculated with Glomus sp. Zac-19 (86 cm compared to
44 cm for the control). Plant height in the treatments receiving phosphorus,
alone or in combination with the inoculation, was lower than that of the
treatment receiving only the inoculation (Figure 1 ) .
Stem diameter in the different treatments showed a similar tendency to that of
plant height (Figure 2) . The control plants registered the smallest diameter
(0.26 cm.), and the plant inoculated with Glomus sp. Zac-19 the largest (0.57
cm). Leaf area was increased by the mycorrhiza, phosphorus aplications and the
combination (Figure 1 ) .
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These results are in accordance with the studies by (5,8), who reported similar
increases in plant height, stem diameter, leaf area and dry weights of legumes
of agricultural importance. Root volumes and dry weight of both roots and aerial
plant parts are shown in table 1. Absolute root volume values were increased by
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both inoculation
and phosphorus fertilization. Root volumes diffefett
significantly from the control only in the inoculated treatments receiving 0
and 50 ppm of P ^ . Increases in root volume were due both to longer roots and
to a larger number of roots.It likely seems that the effect on the mycorrhizal
fungi on root volume is a function of the fungus-host soil interaction and that
the morphology on|Pie plant root is a determining factor (6) . Dry weight of roots
and aerial plant parts were increased by inoculation alone, phosphorus alone and
the combination. The highest dry weight of aerial parts was obtained with the
inoculation alone and was 460% greater than that obtained with the control.
Evidently, the benefits obtained with mycorrhiza are equal or superior to those
obtained with phosphorus fertilization, as it has been reported by (7) . The
percentages of mycorrhizal colonization were not affected significantly (Tukey
«° • 0.05) by phosphorus fertilization (Table 1 ) . Inoculated plants without
fertilization registered 85% colonization and those inoculated and fertilized
with 50, 100 and 150 ppm of P205 reported values varying from 83.5 to 87.4%. In
general, it can be concluded that the inoculation of A americana with Glomus sp.
Zac-19 increases plant growht (plant height, stem diameter, leaf area, dry weight
of roots and aerial parts) as muchas or even more than phosphorus fertilization.
This suggests the possibility of using the (V-A) fungi in the production of A.
amer icana and other crop especies.
Table l. Effect of mycorrhizal inoculation with Glomus sp. Zac-19 with or without
Phosphorus fertilization on A americana.
Treatments

Root
Volume
(cin'l

Control

1.9

b

0

50 ppm P 3 0 5

5.0 ab

1.84 abc

0.33 ab

0

100 ppm P a 0 5

6 .1 ab

1.70

0 .40 ab

0

b

Dry weight (a)
aerial part
roots
0.57

c

bc

0.08

Colonization

150 ppm P 2 0 5

6.2 ab

2.44 ab

0.47 a

0

Glomus S D . Zac 19

7.4 a

3 .20 a

0.44 a

85.0 a

Glomus sp. Zac 19
• 50. ppm P a 0 5

8.9 a

2.43 ab

0.59 a

86.5 a

Glomus sp. Zac 19
+ 100 ppm P 2 0 5

6.7 ab

2.10 ab

0.46 a

87 .4 a

Glomus S D . Zac 19
+ 150 ppm Pj05

7.1 ab

2.43 ab

0.46 a

83.5 a

^Averages with the same letter are not significantly different.
(Tukey <• = 0.05)
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Vesicular-Arbuscular Mycorrhizae, Coffee Pulp and Rock Phosphate
Effect on Seedlings of Coffea arabica
D. Trejo1, V. Suarez1, R. Ferrera-Cerrato2, C. Gonzilez-Chavez2 and A.
Rivera . Wniversidad Veracruzana, Facultad de Agronomla. Xalapa, Veracruz, ^Centro de
Edafologia, Colegio de Postgraduados, Montecillo 56230, Estado de México, MEXICO.

INTRODUCTION
One of the most serious problems in perennials is their prolonged juvenile phase, in the case
of coffee plant, an inadecuate management of seed beds and nurseries can favor a long
permanence in the later, for periods from 12-15 months. Main factors that influence the
plant growth are: substrate, weed, pest and disease control, fertilization and proper time to
sow seed beds. There are different options to shorten the stay in the nursery for example:
building them in low altitude region, away from coffee growing zones, and treatment with
germination promoters. However, such methods are not often used by coffee growers. This
research work has the purpuse, to optimize main physical and chemical components from
the seed bed, and the addittion of V-A mycorrhizae to reduce the juvenile phase and obtain
healthy and strong plants with better posibilities to survive trasplantation.
MATERIALS AND METHODS
This 10-months experiment was done under green-house condition. Coffee seedlings of the
typica variety were used in the "buterfly stage" (first pair of green leaves). These were
inoculated with 6g of inoculum (sand with bean roots colonized in more than 60%). The
experimental design was completly radomized, taking into account four factors: 1)
effectiveness of two endomycorrizal fungus (Glomus sp. Zac-19 y Gl. aggregation FS-39, 2)
coffee pulp content (40, 50 y 60 v/v soilxoffee pulp, 3) rock phosphate (0 and 33 ppm) and
4) soil 100% (control). We obtained 24 treatments and 15 repetitions. The variable
evaluated were plant hight, foliage area, root volume and colonization percentage.
RESULTS AND DISCUSION
The variance analysis for the evaluated parameters show highly significant diferences, in all
the cases. The variable that had larger effect was foliage area, where we observed that
mycorrhizal plants show increment in relation to the no mycorrhizal plants when the
sustratum was soil 100%. However, hight contents of coffee pulp presented considerable
increments even in the absence of mycorrhizal (Fig. 1) and in similar way for the plant hight
and root volumen variables. The best treatment was when Glomus sp. Zac-19 was added,
this was similar to the result obtained by Fernandez et al (1) and Gonzélez-Chavez and
Ferrera-Cerrato (2). Even more, Lopez et al (3) report positive influence of organic matter
in the development of coffee. The root colonization by coffee mycorrhizal was higher in the
treatment with higher content of coffee pulp; therefore, it can be said that the addition of
the latter favors the simbiotic process. There was a relation between this results and those
reported by Trejo and Ferrera-Cerrato (4). The symbiosis effects under these working
conditions, were observed three months after the inoculation, similar results were reported
also by Parra et al (5).
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Fig. 1. Increment of foliage area in different treatments. S=Soil 100%, RF = rock phosphate,
*soil:coffee pulp (v:v).
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Effect of Vesicular-Arbuscular Mycorrhiza on Growth of
Allium cepa L., Under Field Condition, in a Rendzic Leptosol.
S. Palacios M.; M.A. Jaime EL; L. Urbano S.; E. Cuenca A. & K. Shimada M.
Department of Edaphology, Institute of Geology, UN AM, 04510 Mexico, D.F.
Introduction. It is well stablished that growth responses of plant to mycorrhizal colonization are
affected by the amount of phosphorus (P) supplied in soil (2). High levels of root colonization
occur only when concentration of available P is low (3). In such cases vesicular-arbuscular
micorrhiza (VAM) could be of great economic importance in soils having high P-retention
capacity. In this work, the response to inoculation was evaluated according to the traditional
system of nursery and transplanting to the growing field. Moreover, the role of the native
micorrhizal fungi and the effect of the fertilizers on onion growth were evaluated as well.
Materials and Methods. The experiment was carried out in a plot of Miacatlan locality, State of
Morelos, Mexico. The soil of the experimental area was characterized for its scarce development
(50-60 cm depth). pH (8.0) as well as the amount of soluble calcium (30 meq/100 g) that agree
with its calcareous nature.
Because of the content of organic matter (2.9%) and total nitrogen (0.21%), the soil is considered
as moderate and fairly rich, respectively. As a result of very high P-retention capacity (79%), the
amount of available P (0.05 ppm) is extremily low. "Cojumatlan" was the onion variety used.
Nursery consisted of wooden boxes (0.4 X 0.3 m) lined with polyethylene. Boxes and soil were
sterilized by soaking them with boiling water. Unsterilized soil was used as a control.
The inoculum consisted of soil and colonized roots at an average of 60% with Glomus
fasciculatum and 30 spores/g of dry soil. Inoculation was accomplished when soil riched field
capacity applying 143 g of inoculum/box at furrows base with 4 g of seeds/box. Seedlings were
fertilized with ammonium sulfate (50-00-00).
Transplanting took place 40 days after emerging. The experimental design was stablished with 3
factors and 3 levels. Factors: application of P (triple superphosphate), N (ammonium sulphate) and
inoculation. Experimental plots (3.0 X 1.5 m). Statistical analysis: Tukey test at 95%.
Results and Discussion. Table 1 shows significant statistical differences between treatments. Also
it is observed that G. fasciculatum was more effective that the native fungi. This fact coincides
with the findings of other authors about superiority of introduced isolates (1,4,5,6,7).
Treatments 4 and 6 had the highest yieldings. The lowest level in bulb as well as in total fresh
weight was for the non-inoculated treatment fertilized with N. Whereas in non-inoculated
treatment whole fertilization gave the highest result, (treat. 3).
In the inoculated treatments, the highest response was obtained when applying N (Treat. 4); the
treatment with whole fertilization awarded the second place; and finally just P addition (Treat. 5)
did not produce any significative effect. These results show that N is more important than P when
there is an effective mycorrhization.
Furthermore, the fact that the greatest benefit from mycorrhiza is obtained in soil lacking
phosphorus, is worthy of consideration (2,7). However, other authors (5) have had the highest
production in bulb weight (8.25 ton/ha) with the application of 193 kg of P/ha.
The increment whose percentages were calculated in accordance to the control with N (Fig. 1),
confirm the effects of N and P in those treatments with inoculum. In the three response variables,
the highest percentages corrrespond to the treatments 4 and 6, with inoculum.
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TABLE 1. YIELDING RESULTS IN BULB FRESH WEIGHT AND
TOTAL WEIGHT (ton/ha).
Levels
Treatments

I

N

Total fresh weight
P

*

Bulb

*

1

NI

140

0

1.728

c

3.509

e

2

NI

0

60

3.217

be

7.154

bc
ab

3

NI

140

60

3.685

b

7.801

4

I

140

0

6.530

a

11.459

a

5

I

0

60

3.515

be

7.520

abc

6

I

140

60

5.806

a

10.526

ab

I - Inoculated

NI • Non inoculated

P - 0 05

'Statistical analysis
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Inoculation Effect of Endomycorrhizal Fungus on Four Nursery Coffee

Varieties
Hernandez, E.\ D. Trejo1, R. Ferrera-Cerrato2, C. Gonzalez-Chavez2
a n d A. Rivera . 1Universidad Veracruzana. Facultad de Ciencias Agrlcolas. -Sección
de Microbiologic!, Colegio de Postgraduados, Montecillo, 56230. Edo. de Mexico.
MEXICO.
INTRODUCTION.
The coffee production regions of Mexico are found in the mountainous and rainy zone;
where other annuals and perennials grow. This crop ocupies 760,000 hectares, and is
cultivated by 280,000 farmers. Approximately 60% of the national product is exported.
Coffee is cultivated in areas with rugged topography, mainly by owners of small
properties, that favors foreign revenue to Mexico. The coffee productivity in Mexico is
the lowest in the Centroamerican and Caribean region being of 587 kg ha"1, superior only
to Nicaragua, Panama and Dominican Republic, this due to the high cost production
(IICA, 1992 and INMECAFE, 1992). In other words, few technological advances are
applied to this crop and there is inefficiency in the use of the natural resources of these
regions. One option to solve this problem is the use of mycorrhiza that interacts with
plants, and increases the agrosystem efficiency. The purpouse of this work is to know the
effect of VAM on four coffee varieties.
MATERIAL AND METHODS.
We used Glomus aggregatum FS-39 and Glomus sp Zac-19 and four coffee varieties:
Garnica, Catimor, Caturra and Catuai. The experiment consisted in randomizing 12
treatments and 15 repetitions. The substrate used for the plant growth was a mixture of
local clay soil and pulp coffee, in a proportion 40:60. The seed inoculation was carried
out when this was sowed. The variables mesured were: plant height, leaves number,
foliage area, phosphorus content, root volume and mycorrhizal colonization.
RESULTS AND DISCUSSION.
After ten months of research it was observed that the majority of inoculated treatments
showed better growth in relation to the control. Glomus sp Zac-19 resulted more efficient
that Glomus aggregatum FS-39 in the four studied varieties. The variance analysis showed
highly significant differences for the studied variables. In Table 1, it is shown the height
increase, foliage area, root volume and phosphorus content obtained with mycorrhizal
treatments in relation to the control. Although the colonization percentage was low
(34.32% as the highest value) Glomus sp Zac-19 was considered highly efficient. This
latter is similar to that obtained in other research works carried out on this crop (Lopes,
et al., 1983; Jimenez, 1989; Fernandez, et al., 1992; Gonzalez-Chavez and FerreraCerrato, 1993).
The effects of mycorrhizal fungi were observed seven months after the inoculation. In
others works (Suarez et al., 1994) the inoculation in the "butterfly" phase, the effects were
observed three months after inoculation, GonzSlez-Chavez and Ferrera-Cerrato (1993)
reported effects five months after inoculation. Based in our observations, it is suggested
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that the inoculation carried out in the "butterfly" phase reduces the nursery stay in five
months.
Table 1. Increments in percentage of four inoculated coffee varieties in respecto with the
control.
FOLIAGE
AREA

ROOT
VOLUMEN

P

VARIETIESMYCORRHI
ZAL FUNGI

HEIGHT

Garnica-1
Garnica-2

WI*
199.44

WI
343.58

26.25
166.00

766.66
433.00

Catimor-1
Catimor-2

67.01
140.54

122.08
292.56

405.59
874.12

320.00
280.00

Catuai-1
Catuai-2

12.29
25.19

11.82
55.31

61.05
149.47

WI
260.00

Caturra-1
Caturra-2

84.65
247.29

152.32
345.11

570.29
1455.44

275.00
325.00

1. Glomus aggretatum FS-39
2. Glomus sp. Zac-19
*WI=without incremente

LITERATURE CITED.
1) IICA. 1992. Sistemas de producción sostenida de café y su relation con los recursos
naturales y el medio ambiente en America Central y PanamS. Programa de generation
y transferencia de tecnologia. Guatemala C.A.
2) INMECAFE. 1992. Datos estadisticos sobre el cultivo de café en México. Xalapa,
Ver. México, pp 10.
3) Lópes, E. S., G. Oliveira and R. Diaz. 1983. Ocurrence and distribution of vesiculararbuscular mycorrizal fungi in coffee plantations in central, Sao Paulo, Brasil.
Turrialba 33:417-422.
4) Jimenez, J. L. 1989. Las micorrizas. ANACAFE. 305 Guatemala C. A. pp 25-28.
5) Fernandez, F., E. G. Canizares, R. Rivera and R. A. Herrera. 1992. Efectividad de tres
hongos formadores de micorrizas vesiculo-arbusculares (MVA) y una cepa de bacteria
solubilizadora de fosforo (BSF) sobre el crecimiento de posturas de cafeto (Coffea
arabica L ) . Cuba. Cultivos Tropicales 13:23-27.
6) Gonzalez-Chavez M. C. and R. Ferrera-Cerrato. 1993. Influencia la endomicorriza
vesïculo-arbuscular en cuatro variedades de café. In: J. Pérez-Moreno y R. FerreraCerrato (Eds.). Avances de investigation. Sección de Microbiologia de suelos. Centro
de edafologia. Colegio de Postgraduados.
7) D. Trejo, V. Suarez, R. Ferrera-Cerrato, C. Gonzalez-Chavez and A. Rivera. 1994.
Vesicular-Arbuscular Mycorrhizae, Coffee Pulp and rock phosphate effect on seedlings
of Coffea arabica L. XV International Congress of Soil Science.
37

Effect of Two Endomicorrhizal Fungi on the Rooting of Plum Tree and
their Interaction with Indolebutiric Acid
A. Alarcón1, M. C. Gonz&lez-Ch&vez1, R. Ferrera-Cerrato1 and A. Villegas
M. 2 . 1Sección de Microbiologia de Suelos, CEDAF. 2Laboratório de Biotecnologla.
CEFRU. Colegio de Postgraduados, Monteclllo 56230, Estado de México.
INTRODUCTION. The spread of plants by means of cuttings is commertially used in
ornamental and fruit tree nurseries, obtaining in this way many plants. Their rooting is
promoted by applying chemical rooting powders such as indolebutyric acid (IBA). Current
research shows that the inoculation of vesicular-arbuscular mycorrhizal fungi (VAMF)
promotes the rooting of cuttings (1). For this reason, it was proposed to evaluate the
possible rotting of cuttings with vesicular-arbuscular mycorrhizal fungi (VAMF) and its
interaction with IBA.
MATERIALS AND METHODS. Cuttings of plum trees (Prunus salicina L.) var. Methley
were used. Glomus intraradix and Glomus sp. Zac-19 (with colonization percentages of 78
and 67%, respectively) were used as inoculum. The inoculum was spread in the substratum
20 cm deep in wooden drawers (60x40x20 cm) which were filled with another layer of
substratum (20 cm). In IBA treatments, the base of the cuttings was sunk in a solution of
2000 mg L"1 of this rooting powder for 5 seconds. The substratum was a mixture of "forest
soil":sand (1:1 v/v) and agrolite in a 3:1 proportion, fumigated with methyl bromide. There
were five treatments with 50 replications each one in a randomized block design. The
number of shoots and leaves, dry weight of foliage, root length, root volume and
colonization percentage were evaluated.
RESULTS AND DISCUSSION. Observing the developmental kinetics of the cuttings, it was
found that, initially and until 82 days, the shoot number of the control cuttings was higher
in production. Afterwards, these shoots did not develop, while in the treatments inoculated
with both endophytes without application of IBA had and increase (Fig. 1). A positive
correlation between the root volume and the foliar dry weight (r 2 =0.97) and between the
shoot length and the mycorrhizal colonization (r2 = 0.43) was found. The colonization
percentage was 63% for Glomus sp. Zac-19 and 71% for G. intraradix. In this last endophyte
there was a higher percentage of arbuscles (36%) and vesicles (10%), which can be an
indicator of an important physiological activity of that symbiosis. After 200 days of
plantation and inoculation of the cuttings the only survivors were the cuttings inoculated
with Glomus sp. Zac-19 and G. intraradix without application of IBA. Statistically, there
were not differences between them (Table 1), however, Glomus sp. Zac-19 showed a higher
effect. The death of the cuttings could have been because of the negative effect of the
concentration of rooting powder which was toxic for them and probably for fungi. On the
other hand, it is known that VAMF have certain influence on the elaboration of
carbohydrates in the plant (2). It has been reported that this kind of symbionts influence
the concentration of growth hormone on vegetal tissues (3), compounds that have an
outstanding importance in the plant development. All these things make us suppose that
the VAMF established at the base of the cuttings acting as a root system by means of their
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hyphae, translocating mineral salts and synthesizing the necessary compounds for root
regeneration. This phenomenon did not take place in cuttings treated with rooting powder
which acted as a possible inhibitor of the settlement of VAMF.
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Fig.1. Number of shoots in plum tree cuttings cv. Methley inoculated with mycorrhizal fungi.
R=with rooting powder, WR=without rooting powder.

Table 1. Effect of inoculation with mycorrhizal fungi on the rooting of plum tree cuttings.
Treatments

Testigo/2000 IBA
Glomus sp. Z19
G. intraradix
Glomus sp. Z19 +
2000 ppm IBA
G. intraradix +
2000 ppm IBA

Foliar
dry weight
(g)

Root
volume
(cm3)

Root
lenght
(cm)

Colonization
total arbuscle

0.0b
22.8a
15.1a

0.00b
0.31a
0.13a

0.00b
0.77a
0.40a

0.00b
15.17a
9.04a

00.0b
63.0a
71.0a

00.0b
12.0a
36.0a

0.0b

0.00b

0.00b

0.00b

00.0b

00.0b

0.0b

0.00b

0.00b

0.00b

00.0b

00.0b

Number of
leaves

... ( % ) ...

Values with identical letters in the same column are statistically the same (Tukey, a = 0.05).
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Mycorrhizal Colonization in Cantaloupe Culture
C. Gonzalez-Chévez and R. Ferrera-Cerrato. Soil Microbiology
Centro de Edafologia, Colegio de Postgraduados,
Montecillo
Estado de México,
MEXICO.
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Introduction. Vesicular arbuscular mycorrhizae (VAM) is a mutualistic symbiosis
between roots of higher plants and some soil fungi. The symbiosis have important
beneficial efects on the growth and nutrition of the host plant. The response of host plant
to VAM inoculation depends of plant-fungi combination. This has a fundamental
importance for an efficient use of mycorrhizal fungi in agriculture (1). The objetive of
this research was to study the interaction between vesicular arbuscular mycorrhizal fungi
(VAMF) and seven hybrids of cantaloupe.
Materials and methods. The hybrids of cantaloupe (Cucumis melo L.): XPH-6005,
XPH6007, Caravelle, Mission, Hi-Line and Laguna were inoculated with VAMF Glomus
intraradix Schenck and Smith, Gl. etunicatum Becker and Gerdemann. The hybrid Laguna
was additionally inoculated with Gl. aggregatum Becker and Hall and Gigaspora margarita
Schenck and Smith emend. Koske. The inoculation was done at the moment of seeding:
five grams of roots colonized 70-75% with VAMF were added. The substrate was sand
sterilized in an autoclave (18 lb pulg"2). The Long Ashton nutrient solution was used.
Two months after inoculation the following variables were evaluated: length of stem,
foliar area, shoot dry weight, mycorrhizal colonization and number of spores.
Results and discussion. The percentage of mycorrhizal colonization ranged from 20 to
86% (Fig. 1). In the hybrids differences in the percentage of colonization were observed.
In all hybrids, except Laguna, Gl. intraradix was the most infective VAMF. With this
endophyte the greatest percentage of total colonization, arbuscles and vesicles were
formed. Gl. etunicatum had the lowest percentage of colonization. In the Laguna hybrid,
Gl. aggregatum was the most infective endophyte. The VAMF of the Glomus genus
produced all the internal fungal structures characteristic of the VAM symbiosis (hyphae,
arbuscles and vesicles) in the root, and the roots colonized with Gl. etunicatum were
characterized by the formation of abundant external VAM fungal mycelium, in addition
to typical fungal structures. In contrast, Gi. margarita formed intraradical hyphae and
arbuscles and extraradical auxiliary cells. In all hybrid-fungus combinations the number
of spores was low, except in Laguna-C/. margarita (110 spores in 50 g sand), due
probably to differences in the life cycle of the VAMF, the short time (2 months) in
culture and the relationship host-fungus. Gl. intraradix is a species that forms spores in
the root, but in the Mission hybrid and Hi-Line it formed 46 and 9 spores in 50 g sand,
respectively. In other hybrids no spores were produced. Gl. etunicatum in Caravelle
produced 46 spores, in Galleon, Hi-Line and Laguna it produced 2-6 spores, but in
Mission, XPH-6005 y XPH-6007 it did not produced any. The percentage of colonization
and spore production were apparently determinated by both factors: the species of
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VAMF and hybrids, as has been observed by other authors (2). These factors induce the
differences in the capacity and strategy for colonize the root system, produced spores or
fungal mycelium, as has been reported in other studies (3). The variables evaluated in
inoculated and noninoculated plants showed differences that were not significant.
However, length of shoot, foliar area and shoot dry weight in five hybrids were increased
with the inoculation. The Galleon and Hi-Line hybrids didn't show effect with
inoculation. The length and shoot dry weight were increased (preferentially) with Gl.
etunicatum. Foliar area was not increased consistently with any VAMF inoculation (Fig.
2). Although VAMF are non-host-specific, frecuently some degree of affinity between
specific fungus-plant relation is observed with differences in colonization and growth in
the host (4). It has been considered (5), that VAMF can be ecologically specific to some
degree, then for obtain the most beneficial species for this crop, is necessary to make a
selection and identification of VAMF from cantaloupe rhizosphere.
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Fig. 1. VA endomycorrhizal colonization in seven hybrids of cantaloupe.
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Fig. 2. Effect of mycorrhizal colonization on foliar area of seven hybrids of cantaloupe.
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VESICULAR-ARBUSCULAR MYCORRHIZAE AND
ALUMINUM TOLERANCE OF CEREAL CROPS.
F. Bone,* M. Rivas, R. Rubio, and E. Moraga. Chemistry Department, Universidad
de la Frontera, Casilla 54-D, Temuco, Chile.
Introduction. Soil acidity limits plant growth in many parts of the word resulting from a combination
of factors including aluminum , manganese and hydrogen toxicities. However, in soils with pH 5 or
less, Al is generally considered to be the main growth limiting factor. For overcoming such a problem
liming and Al-tolerant plants are habitually used in the amendment of acid soils.
Notwithstanding the physiological and biochemical mechanisms involved in Al tolerance have not been
fully understood , at present it is accepted that at least two types of mechanisms can be occurring: a) Al
exclusion and b) Al inclusion. Between exclusion mechanisms the following ones have been proposed
(1): a)immobilization of Al at the cell wall, b) selective permeability of plasmatic membrane, c) rootinduced pH changes, and d) exudation of chelate ligands. On the other hand, it is well known that
vesicular-arbuscular mycorrhizae (VAM), symbiosis between root plants and some kind of fungi, play a
key role in improving mineral nutrition of host plants and could give them enhanced tolerance to heavy
metals when they grow in contaminated soils (2).
The well-known benefits given by VAM to host plants led us to hypothesize that the symbiosis could
be playing another unknown role in Al-rich habitats as a result of: a) the enhanced P-uptake which
could precipitate aluminum phosphate at the root cells, b) quali- and quantitative changes in root
exudates mainly the excretion of Al-chelating substances, and c)the improved Ca-uptake which is
known to be as antagonistic to Al injury by removing it from the cell wall.
The aim of our work was to determine the relationships occurring between VAM and Al tolerance
shown by different cereal crops which are habitually used in extensive agricultural practices in acidic
soils from Southern Chile.
Materials and Methods: Two seedlings of Al-tolerant (T) and sensitive (S) rye ( Tetra (T) and
Forrajero (S)), oats (Zeta (T) and Pony (S), barley ( Carmen (T) and Karina (S)),and wheat (Otto (T)
and Naofen (S)) genotypes were sown in an andisoil previously sterilized in a microwave oven and
inoculated with two native VAM fungi (Glomus sp. and Acaulospora sp). Two plants of each
genotype were grown under glasshouse conditions over a 45 days period. P was added as rock
phosphate at an equivalent rate to 200 Kg P205/ha and N as N-NH4 + and N-NO3" equivalent to 200
Kg N/ha. At harvest, soil properties were analyzed and % root VAM infection, shoot yield and root
mass were determined. A control was carried out with unsterilized soil for studying the behaviour of
total native VAM strains.
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Results and Discussion: The most striking results related to soil chemical characteristics at the end of
the experiment were pH and aluminium saturation. Thus, pH and % Al saturation were 5.41 and
2.64%, respectively, when N-NO3" was used and 4.31 and 15.3 were obtained with N-NH4+. Also,
the results showed higher root VAM infection asnd total shoot and root mass obtained when the
source of N-fertilizer was nitric than those obtained with ammoniacal one. In nearly all treatments
VAM infection was higher with tolerant crops than sensible ones as it can be seen in Fig. 1 and 2. This
findings are in same way in accordance with those recently reported (3,4) but it is necessary to deepen
in another physiological aspects such as exudation quality and quantity of mycorrhizal roots of tolerant
plants and also in fungi behaviour such as the mycelium extention and functionality. Finally, it is
essential to follow in the searching of another native VAM strains which show a great effectivity in
agricultural ecosystems where Al be the main limiting factor of plant growth.
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Fig.1 and 2: VAM infection on Al-tolerant and sensitive cereal roots as influenced by N-NO3" and NNH4+ with native strains (1) and inoculated Acaulospora sp.(2).
Acknowledgements: This work was partially supported by grants Fondecyt 571/92 and DIUFRO
9241
Literature Cited.
1) Wright,R J1989. Soil aluminum toxicity and plant growth.
Anal 20:1479-1497.

Commun.Soil Sci.Plant

2) Barea,J M.1991. Vesicular-arbuscular mycorrhizae as modifiers of soil fertility. Adv.Soil Sci.15:136.
3) Rubio,R ,Moraga,E .and Borie F.1990. Acid phosphatase activity and vesicular arbuscular
mycorrhizal infection associated with roots of four wheat cultivars J Plant Nutr. 13:585-598.
4) Koslowsky,S.D and Boerner,R.E.J.1989. Interactive effects of aluminum, phosphorus and
mycorrhizae on growth and nutrient uptake of Panicum virgatum L. Environ.Pollut. 61:107-125.
43

Factors Affecting Uptake of Aluminum by the Fungus
Neocosmospora vasinfecta
O.A. Oluyedun and G.W. vanLoon*. Department of Chemistry, Queen's
University, Kingston, Ontario, Canada K7L 3N6.
Introduction. The behaviour of aluminum (Al) in the soil and its interaction with soil biota
have been subjects for much research in the past decade. Several studies indicate that the
element is toxic to both plants (1) and microorganisms (2) when present in simple, soluble
forms. It is less clear whether complexed species are available for uptake by microorganisms
and whether there are environmental factors which affect its toxicity in the field. The present
research examines the factors influencing toxicity of Al with respect to the fungus
Neocosmospora vasinfecta in laboratory defined medium.
Materials and Methods. Two types of experiments, each with several modifications, have
been done. In a Type A experiment the fungus is grown in a culture medium whose initial pH
has been adjusted with HC1 or NaOH to a predetermined value. Type B experiments involve
continuous pH control using a pH-stat and the automatic addition of dilute HC1 to neutralize
base generated during the growth period. In both types of experiments, growth is monitored
by measuring absorbance of the turbid solution and/or yield is measured gravimetrically after
a predetermined growth period. In some cases, the uptake of Al is also measured during
growth of the fungus. The growth medium is based on a standard one (3) but was modified
to contain 50 mg L"1 P043" and 100 mg L"' Mg2+. Higher concentrations of P043" were found
to eliminate Al toxicity, presumably due to precipitation of A1P04.
Results and Discussion. In order to ensure Al solubility under the conditions of the
experiment it was necessary to maintain the pH at slightly acidic values. It was found that, in
the absence of Al, growth of the fungus was retarded when the pH was 3.5 or lower. Growth,
however was constant between pH 4.0 and 5.0 and a value of 4.5 was chosen for most
experiments. Using this pH, growth of the fungus was found to be affected by Al
concentrations (Fig. 1) of 30 /umol L"' or greater. The effect was expressed as a lag in growth
of the organism, yet once growth had begun, it proceeded at a rate similar to that in the Al-free
medium. Similar results were observed at pH 4.0 and 5.0. In another experiment, fungi which
had been exposed to 50 ftmol L"1 Al and had begun growing were inoculated into a fresh 50
/nmol L ' Al-containing medium. The organism showed an identical lag period before growth
began again showing that it had not adapted in the initial exposure to the element.
In uptake experiments, it was found that Al was incorporated into the fungus extremely
rapidly. (Fig. 2). The temperature effect suggested that the uptake was a metabolic (as
apposed to physico-chemical) process and washing with water and EDTA indicated that most
of the Al was incorporated into the cells.
In experiments where growth and uptake were monitored simultaneously, there was
again an initial rapid incorporation of Al into the cell giving a very high concentration in the
early stages of propagation (Table 1). As growth continued there was no further uptake of the
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Figure 2. Uptake of Al by fungus
at two different temperatures

Figure 1. Growth of fungus as measured
by absorbance

element - the total amount remaining approximately constant or decreasingly to some extent.
Because the mass of fungus was increasing there was a consequent reduced concentration of
Al with time.

At 24 h

1
2
3
4

Drv weieht
g
0.60
2.4
3.4
2.6

c

jtmol 100 mg"1
56
18
13
0.44
0.78
1.1
0.75
0.17

37.7
13.4
37.9
57.4

Total Al
/xmol
0.34
0.43
0.44
0.012
0.29
0.14
0.28
0.095

At 46 h

1
2
3
4

Table 1.

Uptake of Al during growth of fungus. Experiments 1,2,3 are in the presence
of 50 JUM Al: Experiment 4 is a control with no Al.

With citrate was present in the culture medium, the toxic effect of Al was diminished
or eliminated even when the molar ratio of citrate to Al was as low as 1:5. Calculations of
solutions species present under the various conditions show that complexes formed between
low molecular weight organic acids, typically present in soil solutions, and Al are the
preponderant species under conditions of reduced toxicity.
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Roles of Microbial Polymers in the Rhizosphere
T.D. Hart, A.H.L. Chamberlain and J.M. Lynch. School of Biological
Sciences, University of Surrey, Guildford, Surrey, GU2 5XH.
Introduction
The roles for microbial polymers are considered to be: (1) anti desiccant; (2) reduction of
water stress (Chenu, 1993); (3) aggregation of soil constituents (Chapman & Lynch, 1985);
(4) provision of organic nutrient source; (5) modulation of ion mobility. In order to study the
latter, a range of soil microorganisms have been selected for production and characterisation
of their Extracellular Polymers (EPS). From these studies it is hoped that the availability of
ions in the rhizosphere, both to the microorganism and the plant, may be understood and
manipulated. Furthermore, it is hoped the mechanisms of ion selectivity displayed by
microbial polymers may be better understood (Geddie & Sutherland, 1993).
Materials & Methods
Polysaccharide Production
The following microorganisms were inoculated into 30ml of defined media in 250ml
Ehrlenmeyer flasks and grown at 25CC, pH 6.8 for 96hrs at 220rpm: Enterobacter cloacae
(C2/4), E cloacae (L\/\4), Azotobacterchroococcum, Pseudomonas aureofaciens, Trichoderma
harzianum IMI 275950.
Extraction & Purification of EPS
At 6 or 12 hourly intervals the growth of each microorganism was halted by centrifugation at
30,000xg for 30 mins. Two volumes of cold acetone were then added to the supernatant and
left to precipitate overnight at 4°C. This precipitate was redissolved in distilled water and
reprecipitated. The final precipitate was then redissolved in distilled water again, dialysed
against running tap water for 24hrs and then distilled water for 12-18hrs. The dialysate was
spun at 100,000xg for 2-3hrs and the supernatant lyophilized.
Analysis of Microbial Polymer
Each sample was then analysed, colourimetrically, for the following: total carbohydrate content
using the phenol/sulphuric acid procedure; uronic acid content, according to the method of
Blumenkrantz & Asboe-Hansen (1973); pyruvate content by the dinitrophenylhydrazine method
and Alcian blue binding for total anionic substituents. The intrinsic viscosity of each sample
was also measured to provide an estimation of the molecular weight of each polymer.
Results & Discussion
The graph below illustrates the differences in EPS production between the range of
microorganisms under study. The relatively high EPS production of E cloacae (C2/4) is
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worthy of note and its progress through the analytical programme looks promising as a model
polymer for ion interaction studies. It is also interesting to note that after approximately 50hrs
in culture the total carbohydrate in the medium supporting T harzianum declines rapidly,
perhaps indicating remobilisation as a carbon source. Detailed results of polymer production
are shown in Figure 1.

Fig.1
Graph to show the production of carbohydrate EPS by a range of
soil microorganisms overtime as measured by the
phenol/sulphuric acid assay.
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Conclusions
From the gross differences in polysaccharides produced by the soil rhizosphere microorganisms
under study, microbial polymers may alter ion mobility and uptake by plants and
microorganisms by acting as a mainly negatively charged barrier, by increasing diffusion path
lengths in the rhizosphere, or by pH driven changes in porosity.
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Diazotrophs in Rhizosphere of Wheat of Different Ploidy
Levels
Ashok Choudhury and S. K. Kavimandan. Division of Microbiology, Indian
Agricultural Research Institute, New Delhi-IIO 012, India.

Introduction. Wheat, an allohexaploid derives set of chromosomes from diversely evolved
species of Triticum. Proliferation of various diazotrophs in it's rhizosphere is the nett effect
of such sets of chromosomes.
In order to ascertain selective influence of individual pairs of chromosomes on the
proliferation of variety of diazotrophs in rhizosphere, diploid, tetraploid and hexaploid wheat
lines were grown in pots. Rhizobia are able to flourish in soil under the influence of wheat.
Materials and Methods. Four diploids : T. boeoticum Boiss (AA 1), T. monococcum L. (AA
2), T. tauschii (DD), T. umbellulatum (UU); five tetraploids : T. dicoccoides (AABB 1), T.
dicoccum (AABB 2), T. durum (AABB 3), T. timopheevi (AAGG 1), T. militinae (AAGG 2),
and T. aestivum (AABBDD) cv. HD 2329, were grown in pots. Rhizobium sp. {Cicer) culture
was used to inoculate wheat seed. Pre-sowing cold treatment was necessary for some of these
genotypes. Each pot (12 kg soil) was amended with N 25, P 60, K 40 kg/ha (W/W), and 25
g of compost (1.92 % N). Uninoculated controls were maintained. Diazotrophs in rhizosphere
soil were enumerated by standard dilution - plate count technique using selective media and
aerobic/anaerobic incubation.
Results and Discussion. Influence of chromosomal make up of wheat on incidence of
physiologically different diazotrophs in rhizosphere was evident. Maximum stimulation of
aerobic nitrogen fixing Azotobacter spp.occurred in the rhizosphere of T. durum (AABB 3).
Anaerobic Clostridium-like organisms were favoured in root region of a diploid UU. Aerobic
putative diazotrophs and Rhizobium like organisms flourished extensively in soil under the
influence of T. tauschii. The cultivated wheat hexaploid was rather poor supporter of nitrogen
fixing bacteria than the diploids and tetraploids. Rhizobium like organisms, in general, grew
well in the rhizosphere of all the ten genotypes of wheat. Seed bacterization with Rhizobium
sp. (Cicer) significantly increased the numbers of certain dizotrophs in rhizosphere over
uninoculated plant rhizosphere - Azotobacter : AA 2, AABB 3, AAGG 1; Clostridium like
organisms : UU; Rhizobium like organisms : AAGG 1; putative diazotrophs : AA 1, AA 2,
AABB 2. Other genotypes exhibited either negative or no effect on diazotrophic population
as a result of rhizobial inoculation. Microaerophilic Azospirilla found root region of inoculated
wheat more favourable habitat, with the only exception that of a diploid DD.
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Wheat sharing common chromosomes differed in their effect on diazotrophs in
rhizosphere under the influence of rhizobia. T. boeoticum (AA 1) favoured proliferation of
putative and microaerophilic diazotrophs while T. monococcum (AA 2) also stimulated aerobic
diazotrophs in it's rhizosphere. The diploid genotype DD, did not favour proliferation of most
of diazotrophs. The UU genotype increased numbers of Clostridium like and Azospirilla in
the rhizosphere. The AABB 1 genotype favoured growth of Azospirilla, AABB 2 that of
putative and microaerophilic diazotrophs and AABB 3 enhanced population of Azotobacter and
Azospirilla in their root region. Significant increase in numbers of Azotobacter, Azospirilla
and Rhizobium like organisms was observed in the rhizosphere of AAGG 1. However, adverse
effect of same chromosomal composition was seen on Azotobacter and Rhizobium like bacterial
population in the rhizosphere of AAGG 2. Rhizobial inoculation, in general, enhanced yield,
N assimilation and it's partition to grain in most of the wheat genotypes.
The results bring about that the genes located on the chromosomes/their expression is
basically responsible for selective rhizospheric stimulation of bacteria. Seed inoculation with
root nodule bacteria can modify the rhizospheric population (1). Substitution of 5D/5B
chromosomes among wheat cvs. have been shown not only to preferentially stimulate nitrogen
fixing B. polymyxa in wheat rhizosphere but also brought changes in root associated acetylene
reduction activity (2,3). Increase in ploidy level was found to be associated with enhanced
nitrogen fixing activity in case of wheat, with the hexaploid genome as optimum requirement
(4). No such relationship between ploidy level and occurrence of diazotrophs in the rhizosphere
was observed in the present studies. Further, distribution of nif supporting trait in wheat with
various ploidy levels is close to normal distribution. This indicates heterogenity in wheat
population and allows selection for this trait. The results also support this contention.
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Biologically associated C and N in relation to number of
bacteria and ATP content in the rhizosphere
Eiland, F.1, T.S. Gahoonia2, N.E. Nielsen2 & F.P. Vintner1
1 Department of Soil Science, Danish Institute of Plant and Soil Science
Research Centre Foulum, P. O. Box 23, DK-8830 Tjele, Denmark.
2 Section of Soil, Water and Plant Nutrition, Department of Agricultural
Sciences, The Royal Veterinary and Agricultural University, Thorvaldsensvej
40, DK-1871, Frederiksberg C, Copenhagen, Denmark.
Introduction. Microorganisms play an essential role in turnover of nutrients in soils. Plant roots
exude organic materials in the surrounding soil, which serve as source of energy for the
growing microorganisms in the rhizosphere. Marked increase in number of fungi and bacteria
in the rhizosphere has been reported (6). In order to understand the turnover of nutrients, it is
important to know the amount of the microorganisms. In the present investigation we provide
quantitative estimates of the microbial biomass in thin sections (0.2 mm) of the rhizosphere.
Both ATP content and number of bacteria determined by direct microscopy, as well as pH, total
C and N were measured to obtain information on the living microbial biomass near roots.
Materials and Methods. Rape plants were grown in special containers (2). Rhizosphere soil
pH was kept fairly constant by adjusting the percentage of N as ammonium in the supplied
nutrient solution via two wicks (3). After 14 days, the soil columns were separated from the
root mats over the nylon screens, quickly frozen in liquid nitrogen and sliced into thin (0.2 mm)
layers using a refrigerated microtome.
The pH of the rhizosphere soil samples was measured in 5 mM solution of N0 3 (80 % calcium
nitrate + 20 % magnesium nitrate). Due to small size of the rhizosphere soil samples, pH was
measured in soil:solution ratio 1:20. Total C and total N in the soil samples were determined
using Carlo Erba Elemental Analyzer.
The microbial biomass was measured using direct microscopy with acridine orange staining (5)
and also by determination of ATP content (1). The ATP method has been modified to measure
ATP in small soil samples (100-200 mg).
Results and Discussion. The microbial biomass, total C and total N as well as pH in the
rhizosphere of rape was measured with increasing distance from the root. The content of both
carbon and nitrogen in the solution decreased with distance from the root surface. The most
dramatic decrease occurred within the first 1 mm. Within the first millimetre, total carbon and
total nitrogen decreased from 1.6 % to 1.4 % and 0.18% to 0.14%, respectively, corresponding
to 66 and 70% of the total decrease from the root surface and up to 4.2 mm. At a distance of
about 1 mm from the root surface, the content of both carbon and nitrogen fell below the
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content in the non-rhizosphere soil, indicating that there was a rhizosphere effect only within
the first 1 mm from the root surface. A major part of the carbon and nitrogen within the first
0.6 mm from the root surface was most likely of microbial origin, indicated by a relative low
C/N-ratio. This was further supported by the results of the ATP measurements and the
microscopic counts of acridine orange stained bacteria.
There was about 6 times more bacteria.close to the root surface as compared to the non-rhizosphere soil. Similarly, the ATP content was about 6 times higher close to the root surface. Both
the ATP content and the number of bacteria decreased steeply within the first mm from the root
surface, coinciding with the changes in C and N content as well as the C/N ratio.
There was an effect of root exudation on microbial biomass up to no more than 1 mm from the
root surface. It has been found by use of a model (7) that a high population density will develop
evenly on the root surface and that the population density falls steeply within 1 mm from the
root. In another study (4), where root carbon was used as an indicator for the extension of the
rhizosphere, it was concluded that the overall volume of the rhizosphere is much greater than
what has been estimated from rhizosphere simulation models.
Our results indicated that root exudates, sloughed cells and slightly lower pH forms an optimal
environment for microbial growth in a thin layer of maximum about 1 mm from the root
surface, resulting in an increased microbial biomass in this section. In addition, root derived
carbon diffusing through this layer activates the already present microorganisms, and may cause
an increased microbial activity also at a greater distance from the roots.
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Effect of Increasing Rates of Cadmium on the Respiratory
Activity of a Crusting Soil from Zimbabwe
M. T. Pardo, G. Almendros and C. López-Fando. Centro de Ciencias
Medioambientales (CSIC), Serrano 115 dpdo. E-28006 Madrid (Spain).
Introduction. There is not general agreement on the effects of heavy metal residues on soil
microorganisms. Whereas several authors have shown that the whole microbial activity was
significantly reduced by the presence of heavy metals (1,2) other studies (3) have failed in evidencing
effects of metal concentration on soil respiration rates (index of soil microbial activity). It can be
hypothesized that potentially inhibitory effects of metals on soil respiration are regulated by soil
characteristics as clay mineralogy, organic matter and iron oxides content, pH and cation exchange
capacity. Additional factors such are the metal studied, its speciation in the soil environment, the
concentration and the incubation period, may also have some bearing on the outcome of a given
experiment.
In this study the effects of increasing rates of Cd on the activity of the microbial biomass are tested
in crusting soil from Zimbabwe characterized by its noticeable affinity for Cd.
Material and Methods. The experiments to quantify the in vitro respiratory activity were carried
out on samples (0—20 cm) of a kaolinitic soil (classified as Rhodic-Kandiustalf) located in Mazowe
(Zimbabwe). Some characteristics of this soil are: pH= 5.1, organic matter= 2.5%, cation exchange
capacity = 88 cmolckg~' and maximum Cd sorption > 1000 mg kg"1. The samples were air-dried,
sieved ( < 2 mm), and Cd was added as nitrate at rates ranging from 0 to 40 mg kg"1. Such doses
were calculated to represent Cd levels in soils amended with contaminated urban wastes at the usual
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Fig. 1. Left: effect of increased rates of Cd on the COj release for successive stages of incubation
of a crusting soil. Right: relationships between respiratory activity of soil and Cd concentrations.
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application rates. Soil respiration was determined in duplicated by estimating the CO2 release in 500
ml Erlenmeyer flasks containing 100 g of soil samples moistened at 60% of their WHC and at 24
+1° C. Carbon dioxide was measured every day for a period of 4 weeks, starting 24 hours after the
addition of Cd, with a Carmhograph-12 while replacing the flask atmosphere with COj-free air (4).
Results and Discussion. The pH values of the control and treated soil samples after incubation,
ranged from 4.9 to 4.6, hence it is considered that this difference in pH values was unlikely to affect
by itself the extent of C Q release.
In all treatments (Fig. 1), respiratory activity, expressed as mg C 100 g soil1, showed a decline
as endogenous organic substrate was consumed and no external inputs were made. The mineralization
curves showed fairly well defined stages (0—7 days, 8—13 days and 14—29 days that may
correspond to quantitative and qualitative changes in soil microorganisms as well as to the successive
mineralization of organic substrates of increased resistance to biodegradation. In the early incubation
stage (0—7 days), the doses of Cd were related to the respiratory activity by a non-linear function
(Fig. 1). Significant decreases in the C0 2 release occurred after 48 hours even when 1 mg kg' Cd
was added to the soil, whereas Cd concentrations greater than 10 mg kg1 exert no additional
depressive effect in the soil respiratory activity. In the 8—13 days interval, only the highest Cd
concentrations ( > 10 mg kg"1) showed intense depressive effect, whereas the values for lower
concentrations were more similar to that of the control. Finally, in the 14—30 day interval—that
could represent the soil basal respiration—the dose-response relationship was not significant and the
samples treated with Cd behaved in a similar way irrespective to the application rate.
The above results suggest that Cd toxicity declines with time in the soil studied. Such decrease
may be due to the ability of some types of heterotrophs to adapt their metabolism to the varying
conditions of the substrate (5,6). Alternatively, susceptible heterotrophs, which were depressed by
Cd in the early stages of incubation may have been replaced by tolerant organisms. In addition,
progressive phenomena of physico-chemical fixation of Cd on the soil organic or mineral colloids
in reduced availability forms, as well as the biological immobilization of a portion of the Cd added
to soil cannot be ruled out.
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Comparison of models to estimate gross rates of nitrogen
mineralization
C.J. Smith1, and P.M. Chalk2. *CSIRO Division of Soils, Canberra, ACT,
Australia; 2School of Agriculture and Forestry, University of Melbourne, Parkville,
Vic. Australia
Introduction. Immobilization of soil inorganic N occurs simultaneously with mineralization, and it
is only possible to measure the net effect of the two opposing processes. If a small quantity of 15N
is added to the soil, it is possible to estimate gross rates of N mineralization (m) and N
immobilization (/'). Initial work on the concept of estimating gross rates of m and / by labelling with
15
N led to the development of zero-order (6) and first-order (7) models with analytical solutions.
Applications continued to expand, but the introduction of either different models or different
expressions of the original model was an added complication, which has not been adequately
documented (3,4,5,9,10,11). The objectives of the present study were to characterise zero-order
models used to estimate m by expressing equations in a standard format
Material and Methods. Models with analytical solutions for estimating gross rates of m were
characterised by expressing the equations in a standard format (3). All the N pools are described in
terms of its labelled (isotopically-derived) and unlabelled (soil-derived) components.
Results and Discussion. Zero-order models to estimate m (no remineralization) are converted to
the standard nomenclature in the following derivations.
1. Kirkham and Bartholomew (1954)
m = [ (M0 - M) /1 ] log (H0 M / H Mo) / log (M0 / M) where m * i
Transforming to the standard nomenclature
m = [(AT,-AT2)/At]
log (AL,AT2/AL2 AT,)/\og (AT,/AT2)
(1)
2. Barraclough et al. (1985)
A,* - Ao* / (1 + <9t / A^6
where 9 = (At - A J /1
(2)
Rearranging Eq. (2) and transforming to the standard nomenclature
m = [(AT, - AT2) I <it]\og(AL, AT21AL2 AT,) I \og(AT, IAT2)
(1)
3. Blackburn (1979)
ln(fl- 1 5 n) = \n(R0-^n)-(dld-i)\n{[(d-i)t
+ P0]IP0)
(3)
Rearranging Eq. (3) and transforming to the standard nomenclature
m = (m-i)\og(AL,AT2l
AL2AT,)l\og{[(m-i)At
+ AT,]l AT,}
In the absence of nitrification in an anoxic system, m -i = (AT2 - AT,) I At
m = [(AT, -AT2) / At]log(AL, AT2 / AL2AT,) / \og(AT, / AT2)
(1)
4. Nishioefa/. (1985)
(b + c)/(b + c-a) = \n[(q0-kQ0)l(q-kQ)}l\n(QJQ)
(4)
Transforming to the standard nomenclature
m = [(A T, - A T2) I At] log (AL,AT2IAL2A T,)l log (A T, IAT2)
(1)
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5. Tiedje er a/. (1981)
m (0.00366) -i (a / 100) = ( 15 NH 4 + t - 1 5 NH 4 + t l ) / (t 2 - t,)
(5)
Expressing Eq. (5) in terms of sample atom Traction excess (E") and transforming to the standard
nomenclature
-/ =
[(AL2-AL,)/At]/(AL/AT)a
In the absence of nitrification in an anoxic system, m - i = (AT2 - ATj) IAt
m = { (AT2-AT})
- [(AL2 -AL,) I (AL I AT)a] } I At
(6)
6. Shen era/. (1984)
mAt = N t - N 0 - » A / - ( Q a * - F * ) ( A + B * ) / B *
(7)
Transforming to the standard nomenclature
m = [(AT2-AT,)-(AL2-AL,)(ATa/ALa)]/
At
(8)
7. Guiraud et al. (1989)
m = {(*0E0-AE)/[(E0 + E)/2]}-GY0-A-)
(9)
Dividing E 0 and E by E f and transforming to the standard nomenclature
m = {(AT2-AT,)-[(AL2-AL,)l(ALIA1)a}}IAt
(6)
Conclusion. Models used by Barraclough et al. (1), Blackburn (3) and Nishio et al. (7) as shown in
Eqs. (2), (3) and (4), respectively, are alternative expressions of Eq. (1) which was first proposed
by Kirkham and Bartholomew (5). The other models are based on arithmetic mean data of ratios of
labelled and total ammonium pools. The expressions used by Tiedje et al. (9) and Guiraud et al. (4)
in Eqs. (5) and (9), respectively, are synonymous as shown by the derived Eq. (6), which itself is
mathematically similar to Eq. (8) derived from Eq. (7) as presented by Shen et al. (8).
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Combination Effects of Heavy Metals and Linear
Akylbenzenesulfonate on Soil Microbial Activity
C. Koch and B.-M. Wilke*. Institut für Landschaftsbau, Technische
Berlin, D 14195 Berlin, Germany.
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Introduction. Many soils have been contaminated with heavy metals and tensides
by application of sewage sludges or waste water. LAS is the most abundant
tenside in sewage sludges which may contain up to 3 0 , 0 0 0 mg LAS/kg dry
material. Studies on microbial toxicity of tensides and combinations of both
pollutants are very rare. The aim of the present investigation was to compare
effects of single and combined additions of copper, zinc, and the anionic tenside
Linear Alkylbenzenesulfonate (LAS) on soil microbial activity. Tensides are known
to alter the permeability of cytoplasmamembranes. Therefore w e assumed that
heavy metals in combination with LAS may cause synergistic effects.
Materials and Methods. We used a sandy Cambisol, sampled from the Ap-horizon
with the following characteristics: 4 % clay; 9 % silt; 87 % sand; 0.7 % organic C;
0 . 0 6 % total N; pH (CaCI 2 ) 5.7; 7 mg Cu/kg; 32 mg Zn/kg. The moist soil was
sieved ( < 2 mm), stored in loosely tightened plastic bags at 4 ° C if not used at
once.
The samples were wetted, if necessary, with destilled water to 4 0 % of the water
holding capacity. Copper and zinc were added as sulfates. LAS was purchased by
FLUKA. It contained 85 % of active substance and 15 % of sodium sulfate. The
salts and LAS were dissolved in destilled water and added dropwise to the soil. In
combination treatments soil samples were contaminated first with LAS. After 3
days copper or zinc were added. All samples were incubated at 22 ° C . Microbial
activity was measured by weekly determinations of dehydrogenase activity
(DHA)(1) and substrate induced respiration (SIR) (2). All experiments were carried
out with four replicates.
Results and discussion. Single additions of zinc, copper, and LAS caused significant
reductions of DHA throughout the experiment (see Fig 1A). 60 mg Cu/kg soil were
most effective by reducing the DHA to 42 - 48 % of uncontaminated controls. 100
mg LAS decreased DHA to 80 - 86 %, 200 mg LAS/kg soil to 62 - 67 % and 100
mg Zn/kg soil to 78 - 89 %.
Results of combined treatments on DHA are given in Fig. 1B,C. They are expressed
as percentage of single additions of 100 and 200 mg LAS/kg, respectively.
Additions of 60 mg Cu/kg or 100 mg Zn/kg to soil samples preincubated with 100
mg LAS/kg only reduced the DHA to the same extent as both metals alone
compared to the control. The combination of 100 mg Zn/kg + 200 mg LAS/kg lead
to the same results (compare Fig. 1C with Fig. 1A). The addition of 6 0 mg Cu/kg to
soil sample preloaded with 200 mg LAS/kg reduced the DHA significantly stronger
than the single addition of Cu (Fig. 1C).
SIR significantly declined by 21 - 30 % after addition of 60 mg Cu/kg in the course
of the experiment (Fig. 2A). Zinc and 100 mg LAS/kg failed to decrease SIR with
exception of the sixth week.
As a rule combinations of Zn + LAS and Cu + 100 mg LAS/kg did not affect SIR
of the test soil synergistically (see Fig. 2B, C) whereas the addition of 60 mg Cu/kg
to the soil preincubated with 200 mg LAS/kg reduced SIR significantly more than
copper alone.
In conclusion it can be stated that only 60 mg Cu/kg + 200 mg LAS/kg affected
DHA and SIR synergistically. All other combinations (Cu + 100 mg LAS/kg, Zn +
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LAS) only caused additive effects. We assume that combination effects of heavy
metals w i t h LAS are influenced by the LAS concentration and the toxicity of the
metals. This is confirmed by the fact that copper caused synergistic reductions of
microbial activity only after addition of 200 mg LAS/kg and that the less toxic metal
zinc effected additively. Finally it should be emphazised that synergistic effects of
metals and LAS only are to be expected for very toxic elements because maximum
concentrations observed in soils did not exceed 50 mg LAS/kg (3).
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Fig. 1: Effects of copper, zinc, and Linear Aikylbenzenesulfonate (LAS) alone (A) and
in combination (B,C) on dehydrogenase activity (DHA) in a sandy soil
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Effects of heavy metals at around current permitted EC limits
on the synthesis and turnover of the soil microbial biomass
P.C. Brookes and K Chander, Soil Science Department, AFRC IACR Rothamsted
Experimental Station, Harpenden, Herts. AL5 2JQ, UK
Introduction. In most soils the mass of soil microorganisms (collectively the soil microbial
biomass) is roughly correlated with the amount of total soil organic matter so that the biomass
comprises about 1-3% of the total soil organic matter pool. However soils from the Market
Garden Field Experiment at Woburn, which recieved metal-contaminated sewage sludge from
about 1940-1960 (high metal soils), now contain as little as half the amount of soil microbial
biomass as other soils from the same experiment which recieved farmyard manure or inorganic
fertilizer (low-metal soils) over the same period (1). Since 1960 all soils have received
inorganic fertilizer only. Total soil concentrations of Cu and Ni in the high-metal soil used
here were below the EC permitted limit, while Zn was 1.4 times, and Cd 3.7 times, the limit.
The aim of this work was to determine the reasons for these smaller biomasses in the highmetal soils. Two main hypotheses were investigated. The first was that the metals exert direct
toxic effects upon the soil microbial biomass. This may result, for example, in decreased
efficiency of microbial synthesis and an increased rate of microbial turnover and respiration.
The second hypothesis was that the metals cause decreased inputs of plant-derived carbon to
the soils so limiting substrate availability to the soil microbial biomass.
Materials and Methods. Total metals in soil were measured following digestion with
concentrated HC1:HN0 3 (4) and soil organic C was determined after dichromate digestion.
Soil microbial biomass was measured by fumigation-extraction (5) and soil ATP content
following extraction with a trichloroacetic acid-based reagent (3).
In one experiment, a high-metal and low-metal soil were incubated unamended or amended
with 5000 /xg maize C g"1 soil or 5000 ng glucose C g"1 soil, to test the effects of the heavy
metals on efficiency of microbial biosynthesis. Microbial biomass C, ninhydrin-N, soil ATP
content and C 0 2 evolution were measured during the next 50 d following glucose addition and
lOOd following maize addition in both soils.
Measurement of plant inputs of C was done by pulse-labelling sunflower seedlings (Helianthus
annuus, cultivar Sunbred 246), growing in high-metal or low-metal soil. The plants were
labelled with 14COz in a specially designed growth chamber on alternate days over the 21-31
day period of growth. Full details of experimental conditions are given elsewhere (2).
Results and Discussion. Direct toxic effects of the metals on the microbial biomass. The
biomass formed following addition of glucose or maize to either the high-metal or low-metal
soil had the same ninhydrin-N and ATP concentrations as in the unamended soils. Thus the
metals did not affect the C:ninhydrin-N or C:ATP ratios in either the native biomass or the
biomass that developed shortly after substrate addition. However the biomass that developed
on the added substrates was consistently smaller in the high-metal than low-metal soil
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throughout the incubations. Overall, about 15-32% less biomass was formed when glucose was
added to the high metal soils and 25-60% less when maize was added. In contrast, about 1520% more total CO z and 13-20% more labelled CO z was evolved from the high-metal soil
than from the low-metal soil. This increased diversion of C from biosynthesis to respired C 0 2
suggests that the metals were causing stress to the biomass, probably by the mechanisms
outlined in the Introduction.
Effects of heavy metals on plant-inputs of C to soil The final dry matter yield (shoots plus
roots) of the plants grown on the low-metal soil was about 30% greater than that of the plants
grown on the high-metal soil. Plant-derived organic 14C inputs into the high-metal soil were
about 20% less than in the low-metal soil. About 35% less of this 14C was in the microbial
biomass in the high-metal than low-metal soil at harvest. The plants caused an increase in
total biomass at harvest of about 22 and 42 jug C g"1 soil in the high-metal and low-metal soils,
respectively. In both cases about half of this was 14C-labelled. Thus, the biomass which
developed in the high-metal soil from the plant-C inputs was only half as big as that which
developed in the low-metal soil. This is in agreement with the difference in the size of the
total native biomasses in the high- and low-metal soils in the original field experiment. These
results suggest that both mechanisms (i.e. decreased inputs of C from plants and decreased
efficiency of conversion of this C into new biomass C) operate in causing smaller biomasses
in metal-contaminated soils. The latter mechanism would appear more important than the
former.
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Effects of heavy metals from a mine in Gipuzkoa, Spain on
soil microbial biomass and organic matter dynamics
M. Bamjas Aceves' and P.C. Brookes, Soil Science Department, AFRC IACR
Rothamsted Experimental Station, Harpenden Herts. AL5 2JQ, UK
Introduction. Heavy metals tend to accumulate in soil due to industrial and agricultural
practices. There is growing evidence that such accumulation of heavy metals can affect the
soil microbial biomass and microbial activity. This can cause a serious threat to the functioning
of the soil ecosystem. The first aim of this work was to evaluate the suitability of a suite of
microbiological methods to measure the effects of heavy metals on soil microbial biomass and
microbial activity. Among the methods tested were fumigation-extraction, substrate induced
respiration, soil ATP content, arginine ammonification and dimethyl sulphoxide reduction. This
work was done using carefully cultivated uncontaminated and metal-contaminated soils from
a well-managed field experiment whose complete agricultural history was known. The second
aim was to see if these methods could then be applied in the natural environment in a
situation where contamination of soils by heavy metals had occurred. Measurements were
made along a natural gradient of increasing metal concentration, caused by past mining
activity. We wanted to find out if the methods could detect effects on microbial biomass and
microbial activity under these conditions, where we anticipated much greater "noise" due to
natural variation in soil properties such as organic matter content, pH and non-uniform metal
inputs.
Materials and Methods. The soils were from a polluted zone near an abandoned Zn-Pb mine
in Gipuzkoa, Spain. The soils samples (0-23 cm depth) were collected along a pollution
gradient perpendicular to the River Oiartzum. Stones, visible roots and fauna were removed,
the soil sieved (< 2 mm) and moisture content adjusted to 40% water-holding capacity. The
sieved soils were stored at 5°C until analysis.
Microbial biomass carbon and ninhydrin-N were measured by the fumigation-extraction
method (FE) (1), soil ATP by the firefly luciferin-luciferase system (2), biomass carbon by
substrate induced respiration (SIR) (3) and ergosterol by a modification of Seitz's method (4).
Microbial activities measured were: C 0 2 evolution, arginine ammonification rate (5) and
dimethyl sulphoxide reduction (6). All measurements were done after 10 days of incubation
at 25°C. Soil pH, organic carbon, total nitrogen and total heavy metals were measured in airdried and ground soils by conventional methods. All results are expressed on an oven-dry soil
basis (105°C, 24 hr).
Results and Discussion. The maximum concentrations of Zn and Pb were approximately 6500
and 1500 ng g"1 soil respectively and they decreased with increasing distance from the river
to give background concentrations of 270 Mg Zn soil and 146 ug Pb g"1 soil. The correlation
coefficients between metal concentrations (Zn, Pb) were statistically significant (p= 0.01).
Correlations between biomass measured by the different methods were also significant.
Similarly, correlations between microbial activities measured by arginine ammonification rate
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and dimethyl sulphoxide reduction were closely correlated with each other and with biomass
carbon. Both biomass carbon and microbial activities were negatively correlated with
increasing metals concentration. Ergosterol, however, showed no correlation with either
biomass or microbial activity.
The amount of C 0 2 evolved from the soils was variable along the pollution gradient and there
was no significant correlation with the amount of biomass. In contrast, biomass specific
respiration rate (mg C 0 2 g"1 biomass day"1) increased with soil metal concentrations while
biomass carbon as a percentage of soil organic C decreased as soil metal concentrations
increased. Biomass specific respiration activity or biomass as a percentage of soil organic
matter (Fig.1) were much more sensitive indicators of heavy metal content than either biomass
content, biomass activity or organic matter content alone. This suggests that it is best to use
a variety of analytical measurements, particularly ones that are interrelated, in determining
the effect of heavy metals on the soil ecosystem rather than depend on individual ones.

Zn(|igg 'soil)

Figure 1. Effects of soil Zn concentration on biomass specific
respiration rate (O) and biomass as a percentage of
soil organic C (x). B-C = biomass-C.
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RELATIONSHIP BETWEEN THE SIZE AND THE
PHYSIOLOGICAL PROPERTIES OF THE SOIL
MICROBIAL BIOMASS
K. SAKAMOTO*, N. HODONO and T. YOSfflDA. Faculty of Horticulture,
Chiba University, Matsudo, 271 JAPAN

Introduction.

We investigated the relationship between the size and the physiological properties

(turnover rate and the efficiency of biomass incorporation) of the soil microbial biomass in order to
clarify the mechanism of the accumulation of microbial biomass in soil.
Materials and Methods. The soils used were Entisols, Inceptisols A (with low carbon content),
Inceptisols B (with high carbon content) and Alfisol in Japan. Table 1 shows the physical and
chemical properties of the soils used. The soils were incubated with f'C] glucose (Entisols and
Inceptisols A, 100 mgC kg';

Inceptisols B and Alfisol, 200 mgC kg') for 80 days at 25°C .

n

Microbial biomass C and C were periodically determined by the fumigation-extraction method.

Table 1. Physical and chemical properties of the soils used.
Entisols

Inceptisols A

Inceptisols B

Alfisol

Nosakae

Matsudo

Chiba

Tateyama

pH(H 2 0)

5.30

5.90

5 65

5.59

Total C (%)

0.33

2.09

6.45

0.85

30

215

364

29

Site location

Soluble C (mg kg ')*
Total N (%)

0.03

0.21

0 49

0.07

CEC (cmol(+) kg"1)

3.4

22.4

35.3

21 1

Texture

S

L

SiL

CL

98.9

58.0

45.8

60.2

Silt (%)

1.1

35.2

45.8

23.7

Clay (%)

trace

6.9

8.4

16.2

Sand(%)

*, extracted by 0.5M K2SO4 solution.

62

Table 2. The size and the turnover rate of the microbial biomass.
Entisols

Inceptisols A

Inceptisols B

Biomass (mgC kg')

10.4

65.7

126.5

104.7

Turnover rate (yr"')

8.50

4.31

2.70

3.87

Alfisol

Table 3. The efficiency of [l3C] glucose incorporation into microbial biomass.
Sampling day

Entisols

21

5.1

42
80

Inceptisols A

Inceptisols B

Alfisol

31.5

26.9

23.1

2.8

21.5

30.4

19.0

0.9

12.6

21.2

10.1

Table 4. C O evolution and qCCh in the soils.
Entisols

Inceptisols A

Inceptisols B

Alfisol

CO2 evolution (mgC k g ' d ')

0.62

1.54

2.97

2.79

qCCh (mgC g ' Cmic d ')

59.6

23.4

23.5

26.6

Results and D i s c u s s i o n .

Table 2 shows the size and the turnover rate of the microbial biomass

in soils. The greatest size of microbial biomass was observed in Inceptisols B followed by Alfisol
and Inceptisols A and the smallest in Entisols. The turnover rate of biomass was inversely related to
the size of biomass. Table 3 shows the efficiency of [l3C] glucose incorporation into microbial
biomass. Except Inceptisols A, the efficiency of biomass incorporation was positively related to the
size of biomass. The size and the physiological properties of microbial biomass were strongly related
to CEC and clay plus silt content of the soil. Table 4 shows the values of the CQi evolution and the
17CO2 (respiration per unit of biomass) in the soils. The qCOi was high in Entisols with high rate of
turnover. Therefore, we suggest that qCCh may be a good and simple index of the turnover rate of
microbial biomass.
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Investigation of Soil Microbial Biomass and Populations
in Swamp Lands of Sanjiang Plain in China
Ren Shouyang, Wang Ruixia, Mang Xianming, and Liu Yinliang.
Institute of Soil and Feritlizer, Jilin Academy of Agricultural Sciences,
Gongzhuling, Jilin, People's Republic China 130024
Introduction. Sanjiang Plain, located in the end of Northeast of China is the largest region of
swamp lands distributions in China. As known that it is very important to protect and use
reasonably the lands based on the soil microbial biomass. the objetive of this investigationsis to
measure the amount of microbial biomass and populations from the original swamps lands soils and
illustrate the changes of soil micro-organism after reclamation of the swamp lands.
Materials and Methods. Two swamps lands, Carex lasiocarpa and Deyeuxia angustifolia swamps, in
which the sites of sampling soils were fixed, weer chosen for the investigation. Amounts of
microbial biomass and microbial populations were measured from both the two original swamps lands
soils and their reclamed and cultivated lands soils of 5 and ,10 years. The measurement of
microbial biomass C was conducted as described by Vance et al *• ' (1987), and the dilution plate
method was used to determine amounts soil microorganisms.
Results and Discussion. The data of measuring microbial biomass and their populations from
original carex lasiocarpa and Deyeuxia angustifolia swamp lands soils and reclaimed and cultivated
ones for different periods of years showed: that amounts of microbial biomass were higher in the
original than in reclamed and cultivated swamp lands soils, higher in the Carex lasiocarpa than
Deyeuxia angustifolia swamp lands and higher at the upper layer of soil than at the lower. Carex
lasiocarpa swamp land had amounts of microbial biomass, .77.7 and 61.7 ug C g dry soil and
Deyeuxia angustifolia swamp land 66.98 and 8.14 yg C.g dry soil, the reclamed and cultivated
swamp land of 5 years period 30.07 and 17.98 p g C g dry soil, and the reclamed and cultivated
swamp land of 10 years of period 18.76 and 17.87 ug C g dry soil at 0-10 cm and 10-20 cm depth
of soils, respectively. Amounts of soil microorganism and their difference between the upper and
the lower layer sof soils tended to be decreased with the increase of years of reclamation and
cultivation.
It was shown throught comparision between the two original swamp lands soil that at 0-10 cm depth
of soils, the Deyeuxia angustifolia swamp lands had amount of areobic bacteria two times higher
than that of the Carex lasiocarpa, being 18.2x10 cfu g dry soil for the former and 9.94x10 cfu
g" dry soil for the Jatter. However, Carex. lasiocarpa swamp lands had amount fo actinomyces and
fungi with 11.2x10 and 19.1x10 cfu g dry soil, respectively, JO times and 70% higher than
those of the Deyeuxia angustifolia swamp land(9xl0 and 11.04x10 cfu g dry soil), respectively.
The ratios of each fo microbes, bacteria: actinomyces: fungi, were 1:0.11:0.02 and 1:0.01:0.006
for Carex lasiocarpa and Deyeuxia angustifolia swamp lands, respectively.
Amount of microbes was remarkabely varied with the depth of soil layers. Specially, for example,
the actinomyces amount at the 0-10 cm depth of soil layer was 1460-3970 times higher than at the
10-20 cm depth of soilin both swamp lands soils.
The reclamation and cultivation of the swamp lands resulted in significant change of distribution
in soil microorganism community and an increase in the amount of bacteria, actinomyces and fungi.
At 0-10 cm depth of soil layer, for example, amounts of bacteria, actinomyces and fungi from the 5
and 10 years reclaimed and cultivated swamp lands soils were increased by 1 or so, 1-3, and 1-2
times, respectively, compared to those of the original swamplands soils. The difference of
microbes amounts vertyically distributed in soils tended to be smaller after reclamation and
cultivation.
Literature Cited.
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Influence of Crop Species on Microbial Biomass and Soil
Aggregation
RJ. Hay nes, and G.S. Francis. New Zealand Institute for Crop & Food Research,
Private Bag 4704, Christchurch, New Zealand.
Introduction. Changes in aggregate stability under different management practices have been found
to occur rapidly (within l-2y) before any changes in total organic C content, total hydrolysable
carbohydrate content or the content of constituent individual monosaccharides are detected. This
has led some workers to conclude that if carbohydrate materials are involved in changes in
aggregate stability then a specific pool of carbohydrate must be involved.
Recently, several workers have found that short-term changes in microbial biomass and aggregate
stability under different cropping systems are closely correlated. It has been suggested that the
reason for this is that the microbial population produces exocellular mucilagenous polysaccharide
material which is involved in soil aggregation.
The purpose of this study was to further investigate and understand the mechanisms involved in
short-term changes in aggregate stability that occur when selected grass and arable species are
grown.
Materials and Methods. The results of 2 experiments are reported here. One involved the study
of changes in soil properties (microbial biomass C, organic C, total and hot water-extractable
carbohydrates and aggregate stability by wet sieving) at a site under an 8y rotation (4y arable crops
followed by 4y grazed grass/clover pasture. The second site was 3y old and was under 4
managements (perennial ryegrass, annual ryegrass ploughed-in and resown each year, perennial
white clover and annual barley). At this site the above properties were measured on bulk soil and
on rhizosphere and non-rhizosphere soil. In addition, the monosaccharide composition of
carbohydrate fractions was determined and the root mass and root length density of the crops was
measured.
Table 1. Effect of previous cropping history on aggregate stability, organic C, total and hot waterextractable carbohydrate and biomass C content of a Udic Ustochrept.

Organic C
(%)

Total
carbohydrate
(%C)

Hot-waterextractable
carbohydrate
(Mg C g')

Biomass C
(Mg C g 1 )

2.5

2.5

0.25

169

890

ly pasture

2.0

2.4

0.25

152

801

ly arable

1.3

2.4

0.24

140

738

4y arable

1.2

2.4

0.24

134

712

Previous
cropping
history

Aggregate
stability
(MWD, mm)

4y pasture
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Results and Discussion
Previous Cropping History. Effects of a mixed cropping rotation (4y arable crops followed by
4y grazed grass/clover pasture) on some soil properties are shown in Table 1.
Aggregate stability was markedly higher after ly pasture than ly arable and the difference was very
large when the 4y pasture and 4y arable treatments were compared. Nonetheless, measurements of
total organic matter (organic C and total carbohydrate content) were not appreciably affected by
cropping history. Microbial biomass and hot water-extractable carbohydrate did, however, increase
with increasing years under pasture and decrease with increasing years under arable. Hot water was
used as a mild agent that would extract a fraction of carbohydrates involved in the short-term
binding of aggregates. It is suggested that during short-term pasture, the development of a dense
ramified pasture root system and the associated large microbial biomass results in the production
of large amounts of active carbohydrate binding agents in the surface soil.
This is reflected in the buildup of hot water-extractable carbohydrate and results in an increase in
aggregate stability. When the field is returned to arable cultivation, the dense pasture system is
replaced by a more sparse and deeper-rooting crop root system. Consequently, the density of roots,
size of microbial biomass and production of carbohydrate-binding agents in the plough layer is
reduced and there is a decline in hot water-extractable carbohydrates and aggregate stability.
Rhizosphere effects. At the 3 y old site aggregate stability followed the order perennial ryegrass
> annual ryegrass > perennial white clover - barley. Root mass and root length density, microbial
biomass C and hot water-extractable carbohydrate content showed the same tend. However, levels
of organic C and total carbohydrates were unaffected by management. Organic C and total
carbohydrate content were also similar in rhizosphere and non-rhizosphere soil. By contrast in all
cases, rhizosphere soil had a significantly higher microbial biomass and hot water-extractable
carbohydrate content and larger aggregate stability than non-rhizosphere soil.
The galactose (G) plus mannose (M) over arabinose (A) plus xylose (X) ratio of plant
polysaccharides is typically low (<0.5) whilst that for microbial polysaccharides is high (>2.0). The
(G + M) : (A + X) ratio of the total carbohydrate fraction of soils was 1.3 reflecting the fact that
soil polysaccharides are a mixture of those of plant and microbial origin. The (G + M) : (A + X)
ratio for hot water carbohydrate extracts was, however, found to be about 2.1 confirming that this
fraction is mainly of microbial origin. The hot water-extractable carbohydrate fraction provides a
mechanistic link between increases in biomass C and aggregate stability observed in this and other
studies.
It is concluded that root mass and root length density are important factors influencing the effect
that a crop has on soil aggregate stability. The larger the root mass, the greater the rhizodeposition
of organic material and thus the larger the microbial biomass. In the rhizosphere there is an
increase in microbial biomass, hot water-extractable carbohydrate and aggregate stability.
Manipulation of the size and activity of the soil microbial biomass through sequences of different
crops offers the potential for maintaining the aggregate stability of soils. Forage grass species will
be extremely important components of such sequences since they have characteristically high root
mass and root length density and are notably effective at improving aggregate stability.
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Efecto del Tipo de Labranza y la Adición de Abono Verde
sobre la Biomasa Microbiana en un Ultisol de Costa Rica
L. Castro-Barquero. Centro de Investigaciones Agronómicas. Universidad de
Costa Rica. San José, Costa Rica.
Abstract. The effect of minimal tillage, conventional tillage and addition of chemical fertilizer and
green manure (Arachis pintoi) on the microbial biomass of a Costarrican Ultisol was evaluated over a
period of two maize growing season. As indicador of microbial biomass the N-microbial was
determined by the fumigation-extraction methods.
For the first growing season there was not a definite tendency of microbial biomass variations;
however, during the second season both minimal tillage and green manure addition treatments showed
an increment of microbial biomass of 10-15% as compared with conventional tillage and chemical
fertilizer addition. This difference was observed fairly constantly, along the growing season.
Introducción. Los organismos del suelo son la fuerza que mantiene las transformaciones de
nutrimentos y por lo tanto juegan uno de los principales papeles en la fertilidad del suelo y el
funcionamiento de los ecosistemas (Smith y Paul, 1990).
La labranza convencional causa una disminución en la materia organica del suelo, reduciendo
directamente el sustrato para la actividad microbiana, lo que ocasiona que los niveles de biomasa
microbianal se vean también reducidos (Rasmussen y Collins, 1991; Dick, 1983; Doran, 1980).
La adición de fertilizantes organicos produce un mayor incremento en la biomasa microbiana
comparado con la adición de fertilizantes inorganicos, debido al aumento en el C y N disponible para
los microorganismos del suelo (Rasmussen y Collins, 1991).
La adición de residuos de diferentes leguminosas tienen diferentes efectos sobre las propiedades del
suelo, sin embargo, todos incrementan en mayor o menor grado los contenidos de C y N organicos, la
disponibilidad de P y la actividad microbiana (Smith y Elliot, 1990).
El presente estudio tuvo como objetivo evaluar el efecto de la labranza minima, la labranza
convencional, la adición de fertilizantes qui'micos y abono verde sobre la biomasa microbiana de un
ultisol de Costa Rica
Materiales y Métodos. Se evaluaron dos sistemas de labranza: a-Labranza convencional, que
incluyó el arado y rastreado a 30 cm de profundidad y b-Minima labranza, en donde solo se realizaron
las labores necesarias para incorporar una leguminosa en los primeros centimetres del suelo. Cada
sistema de labranza se sometió a 2 tipos de adición de fertilizante, el primero consistió en la aplicación
de N (Nitrato de amonio) y P (Triple Super Fosfato) ambos en dosis de 100 kg/ha aplicados 20 dfas
después de la siembra, en el segundo se incorporó superficialmente la leguminosa Arachis pintoi
previamente picada y en una cantidad que supliera el N adicionado en forma de fertilizante qufmico; la
incorporación se realize 20 dias antes de la siembra.
El ensayo se evaluó por 2 periodos de 4 meses en 2 anos consecutivos utilizando como cultivo el maiz
(Zea mays ) en los periodos en que este cultivo es sembrado en la zona (enero-abril).
Las practicas de labranza y fertilización se realizaron en ambos anos.
Se realizaron 8 repeticiones por tratamiento, dando un total de 36 parcelas (unidades experimetales)
para todo el ensayo.
Se evaluó la biomasa microbiana utilizando como indicador de ésta, el contenido de N-microbiano
(NH4 ), segun la metodologia propuesta por Brookes et al . (1985) y Vance et al. (1987), basada en
el hecho de que al fumigar un suelo con cloroformo se provoca una lisis de las células microbianas con
el consecuente incremento en el N-NH4 y N-organico total que puede ser extraido por una solución
extractora adecuada.
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Los muestreos de campo se realizaron aproximadamente cada 25 dias. Se recolectó de cada unidad
experimental una muestra compuesta de 3 submuestras, tomadas formando un triangulo equilatero de
1.5 m de lado, a una profundidad de 15 cm. Las muestras se transportaron al laboratório en
condiciones de frfo para evitar cambios violentos en las poblaciones microbianas. En el laboratório
éstas se mantuvieron como maximo 12 horas antes de ser analizadas.
Resultados y Discusión. Los resultados obtenidos en el primer ano fueron errdticos y no se
obtuvieron tendencias definidas en el comportamiento de la biomasa microbiana para los diferentes
tratamientos, respuesta que es de esperar en las primeras etapas de un experimeto de este tipo y que
concuerdan con las observaciones de otros autores. Para el segundo ano se obtuvieron tendencias muy
claras. En cuanto al tipo de labranza, la biomasa microbiana fue 10-15% mayor para las parcelas con
minima labranza comparadas con las parcelas con labranza convencional, observaciones que estan de
acuerdo con las realizadas por Carter y Rennie (1986) y Doran (1980). Igualmente la incorporación de
A. pintoi ocasionó un aumento similar en la biomasa microbiana comparada con la adición de
fertilizante quimico, observaciones también realizadas por Doran (1980). Es importante destacar que
para el segundo ano se observó una variación estacional de la biomasa microbiana a través del tiempo.
En cuanto la interacción encontrada en los muestreos del segundo ano para las cuatro variables
evaluadas, se encontró que para la labranza convencional se obtuvo una mayor biomasa microbiana
con la adición de abono verde. Para la minima labranza luego de la adición de fertilizante quimico los
niveles de biomasa microbiana fueron muy similares tanto para la adición de A. pintoi como para el
fertilizante quimico. Este aumento en la biomasa microbiana en los sistemas de minima labranza luego
de la aplicación de fertilizante quimico es atribuido a la inmovilización de N por la biomasa microbial
presente en la superficie de estas parcelas, ya que la minima labranza sitüa las fuentes de C cerca de la
superficie (0-10 cm) concentrando la biomasa microbiana en esta zona, que es donde generalmente se
aplica el fertilizante (Lynch y Panting, 1982).
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Water Retention and Difffusion of Glucose in Microbial
Extracellular Polysaccharides as a Function of
Water Potential
E.B. ROBERSONi>2 and C. CHENU*1. 1- Station de Science du Sol,
I.N.R.A., 78026 Versailles Cedex, France, 2-present adress: Abacus Concepts,
Bonita Ave., Berkeley 94 USA
Introduction
Many soil bacteria produce extracellular polysaccharides (EPS) which can be observed, with
electron microscopy to surround bacteria in soils. Many hypothesis have been proposed to explain
the functions of EPS in a soil environment, since EPS represent an expenditure of carbon and
energy for microorganisms. EPS are generally hypothesised to help microorganisms to survive soil
desiccation (1). Microbial EPS were shown to retain large amounts of water at low water potentials
and reduce the rates of water loss upon desiccation in sands or clays (2,3).Their production was
stimulated by desiccation events (2). Starvation is also one important stress associated with
desiccation because, as the amount of water decreases, the amount of water available for the
diffusion of nutrients decreases as well.
The aim of this study was to assess the hypothesis that an EPS layer could help the diffusion of
nutrients in the immediate environment of bacteria at low water potentials, by maintaining a
hydrated shell in the vicinity of bacteria. Glucose diffusion, water retention and polysaccharide
microstructure were then investigated as a function of water potential.
Materials and methods
Xanthan and dextran polysaccharides were used as models of EPS of soil bacteria and were
equilibrated with -0.1 to -IMPa water potentials using polyethylene glycol (PEG) solutions (4).
Kaolinite and and EPS-amended kaolinite were first c< icentrated in pressure plates, then
equilibrated with PEG solutions. The water contents and apparent volumes were measured and the
microstructure of EPS was examined with Low Temperature Scanning Electron Microscopy. For
diffusion measurements EPS discs, previously equilibrated with PEG, were held between two
well-stirred chambers, and glucose transfer from one to the other chamber was measured. Glucose
concentrations were measured using a glucose oxidase assay. Glucose diffusion coefficients were
calculated using steady state analysis (5).
Results and discussion
Xanthan, and to a lesser extent dextran, retained large amounts of water at low water potentials
(e.g. ten times their weight in water at -0.1 MPa). Their shrinkage was considerable during
desiccation and remained mostly water-saturated until -1.5 MPa. Xanthan microstructure was
observed as a fibrous matrix, whose porosity decreased with water potential, along with an
aggregation of the xanthan chains. Such changes were similar to those in EPS of desiccated
bacterial cultures (6).
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water content) it was only 21% of that in water. The diffusion coefficient decrease was explained
mainly by an exclusion effect: as *F decreased an increasing fraction of the volume of the sample
was occupied by the solid phase rather than by water. An increase of the tortuosity of diffusion
pathways in the EPS matrix was also likely to occur and reduce diffusion.
The diffusion coefficients of glucose were always much higher in EPS than in the clay. At -IMPa
the diffusion coefficients in kaolinite were increased when xanthan was added at 1% w/w content.
Better diffusions in EPS were explained by (i) larger water contents in EPS rather than in clays for
a given water potential, and by (ii) water-saturated porosities in EPS or EPS-amended kaolinite
evan at -IMPa, when porosities were partially filled with air in kaolinite.
Conclusion
At low water potentials, the diffusion of glucose was higher in bacterial EPS than in a clay or soil
matrix, because EPS were able to retain large amounts of water and remain water-saturated at low
water potentials. We conclude that bacterial extracellular polysaccharides may increase the diffusion
of nutrients in the immediate environment of soil bacteria and therefore help bacteria to survive soil
desiccation.
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Effects of Biostimulus - Agrostemin Application on
Grain Yield of Maize
G. Vasic* and B. Kresovic. Maize Agronomy and Mechanization Department,
Maize Research Institute, Zemun Polje, 11080 Belgradezemun, Yugoslavia
Introduction. A certain number of natural and artificial biostimuli
and inhibitors with positive effects on growth, development and
production of growing crops is internationally known in the
scientific and professional agriculture practice. Agrostemin as a
biostimulus has been applied for a longer period in Yugoslavia. It
is used in the production of tilled crops, fruits and grape,
vegetables and other crops. This biostimulus is also used in
several countries of North and South America and Europe. However,
the effect of its appliance is remarkably different, and varies
from the negation of its positivity to significant influence on
grain yield increase. Opposing opinions are particularly distinct
in maize production
Materials and Methods. Agrostemin is a natural bioregulator whose
production is based on the
local technology and local row
materials. It consists of about 30 cultivated crops and weed
species. The mechanism of Agrostemin activity is based on
allelopathic effects i.e. allelopathic ratio between corn cockle
(Agrostemma
githago)
and wheat. As a rule it is applied in two
ways: for seed dusting before planting and for foliar treatment of
shoots. Effects of Agrostemin as a bioregulator on the production
of maize grown under dry land and irrigation conditions were
investigated over a ten-year period (1980-1990). Maize hybrids of
different FAO maturity groups as well as some of their parental
components (inbred lines) were use in these investigations. Effects
of Agrosemin on grain yield and its effects as a bioregulator on
occurrence of weeds in grown crops were observed. The effects of
Agrostemin were separated from the effects of applied mineral
fertilizers, especially nitrogen ones. The idea was to estimate
effects of bioregulator appliance on grain yield and to determine
whether it is possible to apply only bioregulator without or with
decreased amounts of mineral fertilizers.
Results and Discussion. According to long-term investigations in
several experiments it was revealed that the appliance of the
bioregulator - Agrostemin, regardless growing conditions, did not
significantly affected grain yield or its increase in both grown
hybrids and maize inbred lines. Grain yield of maize, in a variant
with bioregulator application, was lower or at the level of the
control varient, i.e. in a variant without application of mineral
fertilizers and biostimuli. Due to great difficulties of separating
effects of bioregulator from mineral fertilizer in their combined
appliance, it could be concluded that the effects of the
bioregulator on grain yield were not significant. Therefore this
bioregulator is an excessive cost in maize production. In respect
to effects of bioregulators on the degree of weediness, the higher
number of weed individuals were found in variants with Agrostemin
than in those without it.
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The Importance of Soil in Sustaining Biodiversity
G.Dobrovolsky*, Department of Soil Science, Moscow State University,
119899, Moscow, Russia.
Introduction. Soil is the main habitat for terrestrial animals, plants and
microorganisms. That is why the advancing anthropogenic erosion and degradation
of soils prove to be the main threaten to biodiversity. From this viewpoint the results
of soil investigations in the Crimea, Tian-Shan mountains and Central Russia are
considered.
Results and Discussion. Among soils of the southern Crimea coastal areas quite
peculiar are ancient red soils - terra rossa under arboreous vegetation comprizing
many relic species (Juniperus excelsa, Arbutus andrachne, Ruscus ponticus;2).The
majority of invertebrate species in these soils (96%) are of Mediterranean provenance
and either do not occur in other Crimean soils or are extremely scarce (2). Most of
red soils are subjected to strong erosion and anthropogenic pollution. If soils will not
be conserved, Mediterranean plant and soil animal species at the northern limit of
their area will disappear.
Under relic forests of Juglans fallax in Tian-Shan mountains there are unique blackbrown soils which are rich in humus and have a very rich and diverse mesofauna
with some species proper to Mediterranean countries (3,6). More than 50% of
structural aggregates in these soils are composed by the coprolites of earthworms
(Lumbricidae) and of other invertebrates. Microbial processes are extremely intensive
in these soils. Very valuable forests and soils under them may perish if the unrational
forest cutting will not be prohibited, and the overgrazing will inevitably destroy the
black-brown soils with their rich fauna and microbial coenoses.
The formerly famous Russian chernozem is peculiar by its rich and diverse soil
fauna and microflora. The number of various groups of soil invertebrates exceeded
120 000 per 1 square metre under natural vegetation, while their biomass was about
300kg per hectare. The biomass of microorganisms averaged 1800-200kg/hectare (1).
Soil erosion, deflation and undue field management caused the empoverishment of
pedofauna and rapid decrease of chernozems fertility. Only
the amount of
earthworms diminished during the last 40-50 years by several times.
High density of biota and diversity of its species composition is proper to river
valleys in all the geographic zones. Plant and animal species are known to be
restricted to certain types of alluvial soils (7). Creation of large water reservoirs on
rivers in the plains is accompanied by inundation of many flood plain meadows of
high quality and of fertile alluvial soils with abundant and various pedofauna.
Special attention should be also drawn to soil animals and microorganisms adapted
to extreme life conditions in extra-arid, cryogenic and buried soils in order to
maintain the biodiversity. Bacteria have been discovered in frozen soils buried more
than a million years ago, which conserved their vitality.
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An important role in conserving soils as habitats of various plant, animal and
microbial species is attached to biospheric, regional and special wild life reserves.
Unfortunately, only in few of them soil surveys and integrated biogeocoenotic
investigations are now carried out. It is expedient to compile soil maps and make
inventory of soil diversity in all the world natural reserves.
These data enable to make a general conclusion: - the biodiversity cannot be
maintained without providing for soil diversity. 'The Red Book of rare and highly
precious soils" is to be created.
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Effects of Grazing Pressure on SojI.Microbial Biomass and
Enzyme Activity
J.A. Holt, CSIRO Division
QLD 4814, Australia.
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Introduction. Agricultural activity has a profound affect on the habitat of soil biota resulting in
a reduction in diversity and activity, which in turn affects soil structure and fertility. Research
on the effects of agriculture on the properties of soils has usually concentrated on physical and
chemical aspects, with relatively few studies having been made on biological aspects.
In this study, I have examined the effects of heavy grazing on the soil microbial biomass
carbon level, and sulphatase and peptidase activities at two sites in tropical semi-arid
northeastern Australia.
Materials and Methods. The Hillgrove site is located approximately 80 km northwest of
Charters Towers in north Queensland on a eurhrozem soil (1) (Alfisol (2)) and the Cardigan site
is located approximately 40 km southeast o. Charters Towers on a neutral red duplex soil (1),
also an Alfisol.
The grazing treatments used were, light grazing - 1 beast 10 ha'1, and heavy grazing - 1
beast 2 ha"*. The soils were first sampLd for microbial biomass approximately 5 years after the
grazing treatments had been imposed Samples (0 - 7.5 cm depth) were collected every three
months for a period of 18 months. Enzyme activity assays were carried out on the last collection
of soils. Enzyme assays conducted included activities towards a peptide derivative
(benzyloxycarbonyl phenylalanyl leucine, ZPL) an amide (be\zoylarginine amide, BAA) andpnitrophenyl sulphate.
Results and Discussion. Although there was significant seasonal variation in the soil microbial
biomass C levels of the treatments at both sites, the levels were significantly lower in the soils
of the heavily grazed treatments (Table 1). A significant drop in microbial biomass occurred at
both sites with mean microbial biomass C levels at the heavily grazed treatments recording only
65% of the levels found in the lightly grazed treatments (Table 1). A significant reduction in
fungal biomass was also observed after five years r«f heavy grazing in a heavily grazed
rangeland in Canada (3).
No difference in sulphatase activity was observed between the treatments at either site
(Table 2). Peptidase activity as measured by both ZPL and BAA was significantly lower in the
heavily grazed treatment at the Hillgrove site (Table 2). ZPL activity at Cardigan site was lower
in the heavily grazed treatment than in the lightly grazed treatment, but no difference was found
in BAA activity.
One effect of the differing grazing treatments was to reduce the percent plant cover in
the heavily grazed treatments. Average percent plant cover (previous five years) in the late dry
season at Hillgrove was 75% (light grazing) and 40% (heavy grazing). A similar reduction in
plant cover occurred at Cardigan site 67% and 49% (light grazing and heavy grazing resp.). The
overall reduction in microbial biomass and some enzyme activities may have been influenced
by the higher soil temperatures and lower soil moistures associated with the reduction in plant
cover in the heavy grazed treatments.
A reduction in the microbial biomass has implications for nutrient recycling potential
and the sustainability of these soils. Clear evidence of a functional change in microbial activity
has also been demonstrated. The reduction in peptidase and amidase activity of these soils may
have a negative influence on nitrogen availability thereby affecting plant growth.

77

Literature Cited.
(1) Stace, H.C.T., Hubble, G.D., Brewer, R., Northcote, K.H., Sleeman, J.R.,Mulcahy, M.J. and
Hallsworth, E.G. 1968. SA Handbook of Australian Soils.' Rellim Press: Glenside, S.A.
(2) Soil Survey Staff, 1992 vKeys to Soil Taxonomy', 5th Edition. SMSS technical monograph
No. 19, Blacksburg, Virginia: Pocahontas Press Inc.
(3) Dormaar, J.F., Smoliak, S. and Willms, W.D. 1989 Vegetation and soil responses to shortduration grazing on fescue grasslands. J Range Managment 42: 252-256.
Soil Microbial biomass C (ug C g soil"1) levels at Hillgrove and Cardigan.

Table 1.
Site

Cardigan

Treatment

Heavy grazing

Sampling time
1
2
3
4
5
6
7
Mean

Table 2.

Light grazing

Enzyme assay
ZPL
BAA
Sulphatase

Light grazing

69
204
143
108
143
308
104

47
74
124
200
58
154
27

123
146
166
243
70
230
57

98

154

98

148

Soil enzyme activities at Hillgrove and G.-digan sites.
Cardigan

Treatment

Heavy grazing

59
122
123
38
105
176
66

Site

A
B
C
( )

Hillgrove

Heavy grazing

c
B
A

0.6 (0.7)
6.9 (2.0)
17.2 (1.0)

Hillgrovt

Light grazing

Heavy grazing

Light grazing

1.6(0.7)
4.9 (0.6)
10.7 (0.5)

0.1 (0.1)
5.3 (1.2)
14.0(1.5)

4.6 (3.4)
14.8 (4.7)
12.7 (1.9)

ug p-nitrophenol released g soil"1 hr"
M-g N released g soil"1 h r *
ug L-leucine released g soil"1 hr"1
Standard deviation
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Relationships between some soil biochemical,
microbiological and chemical factors
in different forest ecosystems
N. Rastin. Institute of Forest Botany, University of Göttingen, Büsgenweg
2, 37077 Göttingen, Germany
Introduction. Although many publications about the total microbial biomass
and activity, particularly concerning nitrogen mineralization in forest soils exist, enzyme
activities in forest soils are seldom investigated. A review of available literature also indicates
that investigations of biochemical and microbiological activities in forest soils in relation to
site factors, and eco-physiological conditions in soil respectively, are rarely carried out.
The aim of these investigations was to quantify some soil biochemical and microbiological factors together with important soil and site factors in different forest ecosystems
simultaneously to verify whether relationships between the above mentioned factors exist.
Material and methods.
The experimental areas comprised 122 different
sites in North-Rhine Westphalia, western Germany. Two profiles per site were revealed
approximately 1 m from the base of two trees. The samples were taken from the organic
layer and from the mineral soil (0-10 cm depth) at the profile wall.
The following factors were determined for each experimental site:
• Hydrolysis of 3',6'-diacetyl flourescein, FDA activity ([11], as described in [8]),
• Activities of /3-glucosidase, phosphodiesterase, alaninaminopeptidase and chitinase [3],
• Short-term nitrification activity ([10], modified by [2] and [7],
• Autotrophic nitrification potential [6],
• Water soluble phenols (German Standard Methods for water, sewage and sludge investigations, from H16 to 1984),
• pH-values[4] and total contents of C, N and P[4],
• exchangeable cation content and effective cation exchange capacity [4],
• Parent material, soil type, and humus type ([1] and [5]).
To test the relationship between the factors investigated, the Pearson correlation coefficient
and its significance level were calculated [9].
Results and Discussion. To test the relationships between the different
factors investigated, correlation analyses were conducted between each of the soil chemical
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factors mentioned above and the soil biochemical and microbiological factors investigated
As the organic matter (and thus the soil C content) ist the basic requirement for the microbial
growth and activity, the exchangeable cations and the N and P content were related to the C
content. The Quotients recorded (C/N, C/P, C/Na, C/K, C/Ca, C/Mg, C/Mn, C/Fe, C/Al,
and C/H), described as the C-nutrient ratios, were correlated with the soil biochemical and
microbiological factors also. The correlation analysis was carried out for the collective data
from all investigated sites and also for tree species, soil type and humus type categories.
The results showed that the total content of C, N and P and also pH values rarely correlated with the biochemical and microbiological factors investigated in forest soils. In contrast
the C-nutrient ratios and soluble phenols correlated significantly with the biochemical and
microbiological factors investigated in many cases. The consideration of tree species, humus
type, soil type and soil horizon in the correlation analysis led to different, and in some cases
contradictory results. The relative influence of a particular soil chemical factor on a particular soil microbiological or biochemical factor varies with changes in soil and site conditions
and therefore cannot be generalized.
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Productivity of wild edible mushrooms in a neotropical
coniferous forest of Mexico
L. Villarreal and A. Gomez, Programa Forestal, Colegio de
56230 Montecillo, Edo. de México, México.

Postgraduados,

Introduction. The productivity of epigeous and hypogeous edible fungus is an important
component of the heterotrophic productivity of forest ecosystems in the world. Quantitative
methods to estimate the yield of wild edible fungus sporocarps are an important tool to understand
the structure of fungal communities, their contribution to the nutrient cycling in the forest and their
importance as food resource for human consumption (1). This study presents the observations done
from 1983 to 1987, related to the productivity of epigeous wild edible mushrooms in two stands in a
neotropical coniferous forest in the east of Mexico.
Materials and Methods. This work was carried out in the eastern part of the Cofre de Perote
volcano in the state of Veracruz, Mexico at 19° 30' north latitude, 97° 05' west longitude of the
Greenwich meridian, and an altitude of 2700 to 2900 meters above sea level. The geological stratum
is composed of extrusive igneous rocks and andesites from the upper tertiary. The soils of the area
have a loam surface texture, with a base saturation of more than 50% and high organic mater
content (US System, Udivitrand). Vegetation includes forests of Pinus and Abies in which two
stands were selected, the first one of Pinus patula (35 years old in 1984) as dominant species and
the second one of Pinus spp. (44 years old in 1984) and Abies hickelii (38 years old in 1984). Two
rectangular plo(s measuring a hectar (50 x 200m) were selected in each stand where a fenced
square of 100 vcr (10x10m) was installed. A total of 116 weekly visits to the area were performed
from June 1983 to October 1987. In these visits, data was obtained from each square and all the
edible species found, were identified, counted and weighed in laboratory. The productivity in
number and wieght of the sporocarps was calculated for each stand. Those species
which contributed with 5% or more of the total yield in number and weight of the sporocarps were
considered as major species, also the average point of fructification was calculated (2). Furthermore
soil analysis were executed in each stand and the results were compared statistically applying the
test "t" of Student to prove any significant diferences between the edafic variables; hence to infer
thier possible influence in the productivity of the fungus. The Statistical Analysis Package (SAS)
was used to analize the data (3).
Results and Discussion. Forty three species of edible epigeous macromycetes were recorded in the
stands of Pinus and Pinus-Abies. Two of the species were Ascomycetes and the rest
Basidiomycetes. The studied mushrooms belong to 16 families and 23 genus; the best represented
family was Tricholomataceae with 8 species, the genus Amanita had the most species with 5. The
species studied consitute 35% of all the register species in the region and 81 % of the edible species
(4). This area conforms 21% of the 205 known species in Mexico (5,6). These species were
classified in 4 trophic groups, 63% of these were constituted by mychorrizal species followed by
forest litter saprobionts with 19% and the wood saprobionts with 11.6% and finally the humus
saprobionts with 7% . The results agree with the ones obtained in the forests of Estonia where it was
found a greater proportion of mycobionts compared with the saprobionts species (7). The
anual yield estimated for the Pinus stand was decrescent, having the highest yield in 1983 with
48.23 kg/ha and the lowest in 1987 with 5.43 kg/ha. The Pinus-Abies stand showed a similar trend
reaching its highest yield in 1983 with 12 kg/ha and the lowest on 1987 with 0.907 kg/ha. Even
though both stands showed similar trends in their anual yield, the Pinus stand showed a
greater number of species with 37 and a major productivity in number and weight of the sporocarps.
On the other hand, the stand of Pinus-Abies had 33 species and less productivity (Figure 1). The
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results of the statistical analysis concerning the edafic variables, indicated that both stands only
showed significant diferences in organic matter content and total nitrogen. Both
variables were
higher in the Pinus-Abies stand than that of Pinus stand. There were not evidences to attribute the
changes in productivity or the number of fungal species only to the conditions of the soil. Probably,
these diferences are determined by microclimatic factors affected by the structure of each stand.
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Fig- la-d. Anual variance of the productivity of sporocarps in number and weight in the stands of
Pinus and Pinus-Abies. a: Productivity in number in Pinus stand, b: Productivity in weight in Pinus
stand, c: Productivity in number in Pinus-Abies stand, c: Productivity in weight in Pinus-Abies
stand.
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Measuring the community structure of the soil microbial
biomass
Q. Lin* & P.C. Brookes, Soil Science Department, AFKC 1ACR Rothamsted
Experimental Station, Harpenden Herts. AL5 2JQ, UK
Introduction. The soil microbial biomass (defined as the sum of the masses of all organisms
< 5 x 103 fxm3 volume) is the agent of decomposition of organic materials in soil. Bacteria
and fungi may play somewhat different roles in the degradation of organic matter. However,
the consequences of changes in bacterial and fungal population in soil for microbiallymediated activities, e.g. soil C and N mineralization, are poorly understood. In this work, our
aim was to attempt to change the community structure of the microbial biomass by imposing
various "stresses", e.g. fumigation, change in substrate supply and pesticide addition, and then
see if these population changes could be detected by a variety of methods.
Materials and Methods. Thirteen soils were used which covered a wide range of pH, organic
C, clay content and management practices. Soil pH ranged from 3.2 to 7.5 and soil organic C
from 0.40% to 7.49%. Treatments applied to the soils were: (1) none (2) incubation with
ryegrass for up to 20 days (3) fumigation of portions of the ryegrass-amended soils with CHC13
and then incubation for 25-40 days. Microbial biomass was estimated by the fumigationextraction method (FE) (5), the substrate-induced respiration method (SIR) (2) and soil
adenosine triphosphate content (ATP) (3). Bacterial and fungal biomasses were determined
by the selective inhibition method (1) and direct microscopic counting (4).
Results and Discussion. Microbial biomass increased 2-3 times following addition of ryegrass,
whilst biomass was about 20% of the original in the fumigated-incubated soils. Remarkably
close linear correlations were found between the different methods of estimating the biomass,
i.e. FE, ATP and SIR (r = 0.86 to 0.97) (Fig. 1). The ATP concentration in the biomass
(^mol ATP g'1 biomass C) was unchanged by the different treatments.
A close correlation was also obtained between biomass estimated by SrR and direct
microscopic counting (r = 0.95). This suggests that all these methods measure a similar
fraction of microbial biomass in soil. This is in contrast to reports which suggest that different
methods measure different fraction of the biomass since the methods are based on such
different principles.
Generally, it is considered that addition of plant materials to soil favours the development of
a fungal population. Conversely, a bacteria-dominated biomass is usually considered to
develop in fumigated-incubated soil. Surprisingly, the SIR response following addition of
cycloheximide, a fungal inhibitor, and streptomycin, a bacterial inhibitor, suggested an
approximate fungalrbacteria ratio of 80:20 for each of the three soil treatments. The active
fungal hyphae measured by calcofluor fluorescent staining did not greatly change, ranging from
2.5% to 6% of total hyphae estimated by direct microscopic counting in these treatments. A
possible explanation is that the ratio of fungi:bacteria was unaltered by the treatments. This
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wouia certainly be consistent with tne above result. Ergosterol is now also being studied as
a possible biomarker for fungi and some preliminary results will be presented.
Conclusions. (1) FE, ATP and SIR are useful methods in studying the dynamics of microbial
biomass in soil. Direct microscopic counting seems to be a reliable method for roughly
estimating microbial biomass but it is tedious and require a long learning period. (2) Bacteria
and fungi appear to have the same response to substrate addition and similar ATP
concentrations. (3) SIR, coupled with selective inhibition seems to be a simple and reliable
method to estimate the relative proportion of bacterial and fungal biomass in soil, but the
results need to be confirmed by other approaches.
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Soil Biology and Biochemistry 22, 1167-1169.

'S
M

3-

X Unamended

"O
ti

V Ryegrass-amended

_-*

D Fumigated

O
a*

c"
u
Biomass carbon (jug %'% soil)

Fig.1 Relationship between biomass carbon measure by FE and SIR
rate
84

Microbial biomass P dynamics in soil
K. Kouno', H.P. Lukito, T. Ando and P. C. Brookes**, 'Faculty of Applied Biological
Sciences, Hiroshima University, Higashi-Hiroshima,
Japan
"AFRC IACR, Soil Science Department, Rothamsted Experimental Station,
Harpenden, Herts., UK

Introduction. The soil microbial biomass (biomass) plays a very important role in soil fertility
both as a source and sink for mineral nutrients (3). The nutrients held in the biomass may
become available to plants during biomass turnover. There have, so far, been very few studies
on biomass P and biomass turnover, despite the role of P in plant nutrition. This study
compared the soil biomass P contents of grasslands under different managements, e.g. leyarable rotations and permanent grasslands given different fertilizer regimes and growing
different crops. The apparent turnover time of biomass P was also measured.
Materials and Methods. [Exp. 1] Field survey. Soils were collected (0-10 cm) from grassland
fields at the experimental farm of Hiroshima University. After sampling, the soils were handpicked to remove large pieces of plant material, etc., sieved (< 2 mm) and then stored at 4°C.
The soil moisture content was adjusted to 40% of full water holding capacity (WHC) and then
the soils were incubated at 25°C for 7 d to allow respiration to settle down after sieving. The
amounts of biomass C and P in each soil were analysed by the fumigation-extraction method
(see below).
[Exp. 2] Incubation experiment. The soil used was Rothamsted Highfieid Grassland soil. The
soil moisture content was adjusted to 40% of WHC and the soil was incubated at 25°C for 14
d before use. Following the preliminary incubation, 32P as KH 2 32 P0 4 was added to moist soils
containing 60 g oven-dry soil and incubated at 25°C for 10 J to permit equilibration of the 32P
with the unlabelled soil inorganic P pool. Carbon-14 (U)-labelled glucose was added to each
soil at 1000 ng C g"1 soil. Total C0 2 -C evolved was measured by autotitration and 14C-labelled
C0 2 by liquid scintillation counting (1). The fumigation-extraction method was used to
estimate biomass C and P (2, 3). Total biomass C (Be) was calculated from Be = 2.22 Ec and
biomass P (Bp) from Bp = 2.50 Ep; where Ec and E p are the extra C and P made extractable
to 0.5 M K 2 S0 4 and 0.5 M NaHC0 3 respectively after 24 h CHC13 fumigation. Biomass P was
further corrected for P fixation during NaHC0 3 extraction by measuring recovery of a spike
of added Pi as KH 2 P0 4 (3). 14C-labelled and 32P-labelled C and P made extractable by CHC13
were extracted similarly and biomass 14C and 32P calculated exactly as described above.
Results and Discussion. [Exp. 1] In Japanese grassland soils in ley-arable rotations, biomass
C ranged from 60 to 360 ng C g'1 soil and biomass P from 10 to 60 ng P g'1 soil with a mean
value of 165 ng C and 25 ^g P g"1 soil, respectively. In contrast, in permanent grassland soils,
biomass C ranged from 300 to 1040 \ig C g"1 soil and biomass P from 26 to 155 p.g P g"1 soil
with a mean value of 504 p.g C and 68 \ig P g"1 soil, respectively. The amounts of biomass C
and P were higher in plots receiving organic manure along with inorganic fertilizer than in
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those receiving only inorganic fertilizer. The amounts of biomass C and P were also quite
different depending on the different crop species grown. They were highest in white clover
dominated plots, followed by the plots where ryegrass, rhodesgrass and maize, respectively,
dominated.
[Exp. 2] A large and rapid evolution of 14 C-C0 2 occurred in the first 4 d of incubation after
addition of 14C-labelled glucose. At five days after the glucose addition, the amount of total
biomass C was considerably increased. It then declined during further incubation. The
replacement of the original biomass by a new glucose-derived biomass occurred. In contrast,
after the addition of 14C-glucose and 32P, total biomass P was relatively constant during the
incubation period, and almost the same as that in the unamended control. However, a large
and rapid displacement of native biomass C and P by newly formed biomass C and P occurred
following glucose addition due to the accelerated turnover of the native biomass C and P. The
apparent turnover time was estimated by the decline in 14C- and 32P-labelled biomass. The
decline in 14C- or 32P-labelled biomass was expressed by the first-order equation: A1 = A0 e'kl
where A^ is the amount of biomass C or P at time t = 0; A, is the amount remaining after
time t, and k is the decay rate constant. The apparent turnover time (T) was calculated from
T = 1/k. Under these experimental conditions, the apparent turnover time of biomass P was
faster (about 37 d) than that of biomass C (about 82 d). The calculated flux of P through the
biomass under field conditions was 25-250 kg P ha"1 y"1, depending on soil history and
management. This assumes that the turnover times of biomass C and P were about 4 times
longer than those measured in the laboratory (2). This suggests that microbial biomass P can
be a significant source of P to plants. Importantly, P held in the biomass is also protected
from fixation or leaching which also increases its potential plant availability.
It was concluded that:
1.
The amounts of biomass C and P in grassland were higher in no-tillage plots and in
plots receiving organic manure, and also affected by the crop grown.
2.
The apparent turnover time of biomass P was more than twice as fast as that of
biomass C.
3.
The flux of P through the microbial biomass in grassland was estimated to be about 25250 kg P ha"1 y"1.
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An Evaluation of Genetically Engineered Phosphate
Solubilizing Bacteria from Agricultural Soil.
Kim, Kil Yong1*, G. A. McDonald2, and D. Jordan1. 'Department of Soil and Atmospheric
Sciences, The School of Natural Resources, ^Department of Molecular Microbiology and
Immunology, The School of Medicine, University of Missouri-Columbia, Columbia, MO
65211.USA
Introduction. Phosphorus fertilization is needed for maximum crop yield because large
amounts of insoluble phosphate are found in soils. However, most of the applied P may be
reprecipitated into insoluble mineral forms. Farmers may be advised to apply up to four times the
P requirement of the crop to overcome this problem (Goldstein, 1986). Fortunately, soil harbors
phosphate solubilizing bacteria (Babenko et al., 1984; El-Gibaly et al., 1977). In the 1960s, the
phosphobacterin was popular as a potential biofertilizer and seed/soil inoculant in the Soviet
Union and several eastern European countries (Tisdale and Nelson, 1975). However, when trials
were investigated in the USA only a small increase in greenhouse tomato yields and no increase
in wheat yields was seen (Goldstein, 1986). Several studies have been completed since this time
and a general consensus in the data is that an understanding of P solubilization must be first
understood at the molecular level (Goldstein and Liu, 1987). The importance of the mineral
phosphate solubilizing gene (s) must be understood in nature with respect to P cycling in the
rhizosphere. Our objectives were to isolate and identify phosphate solubilizing bacteria from
rhizosphere soil, to use a cosmid cloning vector in Escherichia coli to isolate and characterize
gene (s) encoding phosphate solubilizing properties, and to transfer the gene (s) into dominant
rhizosphere bacteria.
Materials and Methods. Isolation and identification of phosphate solubilizing bacteria was
conducted in the laboratory from soil collected from wheat, corn and soybean rhizospheres. The
rhizosphere soil was mixed and shaken for 30 min. Suitable dilutions were made from this soil
suspension and inoculated on standard media containing hydroxylapatite. After three day
incubation (3()"C), phosphate solubilizing bacteria developed clear zones. These bacteria were
identified as Enterobacter agglornerans. E. agglomerans gene (s) with phosphate solubilizing
ability were cloned into E. coli JM109. Chromosomal DNA isolated from E. agglomerans was
cut with Sau3A I restriction enzyme. E. agglomerans DNA was ligated with cosmid cloning
vector (pHC79) which had been extracted from E. coli JM109 (pHC79). The ligates were
packaged using GigapackR II Packaging Extract, and transferred into JM109. The phosphate
solubilizing recombinant JM109 (pKKY) was selected on agar plate containing ampicillin (60
ppm) and hydroxylapatite (0.4%). Bacterial growth, media pH, and P solubilization were
measured at 0, 1, 2, 5, and 10 days.
Results and Discussion. Hydroxylapatite solubilization is shown in E. agglomerans , JM109
(pKKY), and JM109 (pHC79) (Figure 1). E. agglomerans vigorously solubilize hydroxylapatite
after 11/2 day incubation (plate A). The JM109 (pKKY) shows comparable growth with E.
agglomerans and hydroxylapatite solubilization after 5 day incubation (plate B). However,
JM109 (pHC79) shows slow growth and weak hydroxylapatite solubilization (plate C).
The change in pH was not different between JM109 (pHC79) and JM109 (pKKY) but the pH
decreased with time (Table 1). Interestingly, the P concentration significantly increased at 5 and
10 days for JM109 (pKKY) (Table 1). Furthermore, an increase in colony forming units (CFU)
was seen at 5 and 10 days (Table 1). Production of organic and inorganic acids and CÜ2by
microorganisms are responsible for P release (Taha et al., 1969). However, our results suggest
that acid production may not be the sole reason for the increase in P concentration at 5 and 10
days.
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Figure 1. Cloning of phosphate solubilizing
gene (s) from E. Agglomerans into JM109.
A; E. Agglomerans shows strong phosphate
solubilizing property and vigorous growth after
one and half clay incubation at 30°C. B; JM109
(pKKY) shows strong phosphate solubilizing
properly and visible growth alter 5 clay incubation
at 30°C. C: JM 109 (pHC79) shows weak
phosphate solubilizing properly and slow growth
after 5 day incubation at 30°C.
Tabic I. Change in pH, bacteria
containing hydroxy lapalile.

ion, and P concentration during an incubation of 10 days in broth culture

Days
Items*
PH
CFU x l O s
/ml
P Cone.
(ug/ml)

Bacteria
JM109(pHC79)
JM109(pKKY)
JM109(pCH79)
JM109(pKKY)
JM109(pCH79)
JM109(pKKY)

0
6.98''
6.98 y
1.14'1
0.32' 1

1
5.73"1
5.72' 1
5.80 b
3.40 h

0.00K

38.0K'

0.00K

45.7'

2
5.31'
5.29'
3().0-lh
38.0-"1
183«
1701'

5
4.94 d
4.90^
11.2 b
48.0-'11
252 t !
349'

10
4.85<*
4.80'
24.(>'h
67.6"
49511
5G5-'

* Treatment means are average of five replicates. Means having the same letter (s) are not significantly different at
P<0.05 level by DMRT.
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Microbial immobilisation of 32p-iabelled fertilizer and 33p.
labelled plant residue phosphorus on rewetting of dry soil.
P. N. Nelson1-3, M J . McLaughlin2-3* and A.M.Alston 13 . 'Dept. Soil Science, Waite
Agricultural Research Institute and 2CSIRO Division of Soils/3Cooperative Research
Centre for Soil and Land Management, PMB 2, Glen Osmond, South Australia 5064.
Introduction. Soil water is a major determinant of microbial activity in soils and wetting and drying
cycles lead to wide fluctuations in microbial numbers and activity. Although it is known that
microbial activity rapidly increases after rewetting of dry soil, it has been suggested that
transformations of P in soil immediately following rewetting are chemically rather than biologically
mediated (1). Previous investigations of P transformations in rewetted field soils indicated rapid
changes in the first few days after rewetting (2). This study aimed to investigate the chemical and
biological transformations of fertilizer and plant residue P on rewetting of dry soil.
Methods. 65 mg 33P-labelled plant residues (Medicago truncatula) containing 47 kBq 33 P and 197
ug 31 P was added to 25 g dry soil (Calcixerollic xerochrept, water potential -105 kPa) in 100 ml
incubation jars. The soils were then sterilized by g-radiation. One ml of a sterile 32P-labelled
KH 2 P0 4 solution (107 Bq 32 P, 1 ug 3I P) was added to the soil together with 4.54 ml of a sterile
(autoclaved) or non-sterile inoculum. The inoculum consisted of a soil suspension containing 77 ug
3,
P and approximately 4ci0 7 viable bacteria (non-sterile inoculum). These additions raised the soil
water potential to -20 kPa. The soils were incubated at 20°C for 2 or 26 hours and maintained
aerobic at -20 kPa water potential by passing moist sterile air through the jars at a rate of 5 ml
min-1. After incubation P was extracted sequentially by 0.01 M CaCl2 and 0.5 M NaHC0 3 before
and after fumigation with hexanol (4). Inorganic (Pj) and total 31 P (Pt) and total activities of 32 P
and 33 P were determined in each extract. Acid phosphatase activity in the samples was also
measured.
Results and Discussion. Changes with time in P concentrations in the various fractions were much
larger where soils were incubated under non-sterile conditions (Table 1). CaCl2-Pj and NaHCC>3-Pj
decreased and hexanol-released Pt increased significantly during incubation under non-sterile
conditions, suggesting that a flush of microbial activity was rapidly removing P from solution and
incorporating P into the microbial biomass. Under non-sterile conditions there was also a decline
between 2 and 26 h in concentrations of P 0 (organic P=Pt-Pj) in NaHC0 3 extracts, corresponding to
a significant increase in acid phosphatase activity. It is likely that as the microbial biomass depleted
P in soil solution plus "easily desorbed" P (represented by CaCl2-P[ plus NaHC03-Pj ), P from
readily available organic forms (NaHCC>3-P0) was sourced through phosphatase activity. The low
phosphatase activity in the first 2 h after rewetting suggests that P, availability was sufficiently high
to inhibit phosphatase production during this period. These data contrast with previous findings that
most of the P in plant residues added to soil becomes less easily extracted due to chemical rather
than biological reactions (1).
As found previously (2), a high percentage (>60%) of dried and rewetted plant residue 33 P was
recovered in the more soluble P fractions. Under sterile conditions activity of 33 P in NaHCÜ3
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extracts decreased, presumably due to sorption to soil surfaces and isotopic exchange with 3 I P or»
soil surfaces. The decrease in activity of 33 P in NaHC0 3 extracts under non-sterile conditions was
much more marked due to microbial assimilation of plant residue P, as indicated by increased 33 P
activity in the hexanol-released P fraction. Similar changes were found with 32 P derived from
added orthophosphate, indicating rapid microbial assimilation of fertilizer P also. Similar changes
have been observed in the first 7 days after rewetting of this soil under field conditions where the
soil was amended with labelled plant residues and fertilizer (2).
Table 1. Change in concentrations of 31 P (ug g_l), 32 P and 33 P (% of added activity) and
phosphatase activity (umol p-NP h~' g"1) with time.
Treatment
Time a (h)

0

Sterile
2

26

0

Non-sterile
2

26

31p
CaCl 2 -P;

ANOVA b
0.31

0.43

0.31

0.31
14.2
22.7

0.06

T,S

NaHCOrPi
NaHC0 3 -P t

14.2
22.8

Hexanol-P t

0

0.69

0.72

0

3.50

Phosphatase

nd

4.8

3.5

nd

5.1

14.9

CaCl 2 - 3 2 P
CaCl 2 - 3 3 P

nd
5.0

2.2
2.4

1.8
2.0

nd
4.6

2.7
1.0

0.8
0

NaHC0 3 - 3 2p
NaHC0 3 - 3 3 P

nd
55.4

39.1
39.0

38.7
36.0

nd
58.6

38.3
37.4

15.1
18.8

T*S
T*S

Hexanol- 32 P
Hexanol- 33 P

nd
0

0
0

0
0

0
0

16.1
11.5

T*S
T*S

14.7
22.7

7.1
23.4

0.23
5.6
18.7

8.5
14.9
7.54

T*S
T*S
T*S
T*S

32p and 33p

nd
0

T
ns

a

time after rewetting
b denotes significant effects (P<0.05) between 2 and 26 h where T = time, S = sterility, T*S = time,
sterility and their interaction, ns=not significant.
These results indicate that on rewetting of air-dry soil, both fertilizer and plant residue P is rapidly
assimilated by microorganisms and that these biological reactions may exceed in magnitude
physico-chemical reactions which change the extractability of soil P.
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Ecophysiology of Vesicular-Arbuscular Mycorrhizal Fungi in
Wetland Rice in Relation to Soil P and Water Regimes
M.Z. Solaiman, and H. Hirata, . Faculty of Agriculture, Tokyo Noko
University, Fuchu, Tokyo 183, Japan
Introduction. The aim of this experiment was to investigate the
ecology of vesicular-arbuscular mycorrhizal ( VAM ) fungi in wetland rice and to several aspects of the response in terms of
growth, nutrient concentrations of wetland rice plants to soil P,
VA-mycorrhiza inoculation and water regimes.
Materials and methods. The experiment was conducted in two soil
conditions: (i) Paddy soil( Bray II P 171.2 ppm, pH 6.0 ) and
Diluted soil ( Paddy soil: Andosol subsoil=l:4 ; Bray II P 30.39
ppm , pH 5 . 7 ) . Both soils were 15 MGray gamma sterilized. There
are two mycorrhizal (i) - VAM and (ii) + VAM ; four water regimes
treatment: (i) Nonflooded upto maturity (NF); (ii) Flooded upto
maturity (F); (iii) Nonflooded 3 weeks and flooded upto maturity
(NF--F); and (iv) Flooded 3 weeks and then nonflooded upto maturity ( F--NF). The experiment was a 2 x 2 x 4 factorial experiment in completely randomized block design. For mycorrhizal
treatment 100 g fresh nonsteri1ized paddy soil( containing 335
spores ) was inoculated as layer application just below the seeds
sown and for nonmycorrhizal treatment an equivalent amount of
gamma sterilized soil was added to each pot of capacity 2.5 kg
air dry soil. The plants were submerged with deionized water and
the flooding level was maintained about 3 cm from the soil surface. N, P and K fertilizers were applied at the rate of 700, 0
and 500 mg per pot, respectively. Sampling was done at 60 and 140
days after sowing. At both sampling time, a 1.Og subsample of the
roots was excised from each plant, to assess the percentage VAM
colonization by gridline intersect method. All tissue samples
were analysed for N, P and K by Indophenol colorimetric, vanadomolybdate blue and flame photometer method, respectively. Mycorrhizal spores in the soil were estimated by the wet sieving and
decantation method. Three way analysis of variance for F test and
least significant difference ( LSD) test at 5% level for mean
separation
was used to determine significant differences among
treatment means.
Results and Discussion. Paddy soil produced comparatively higher
shoot and root dry matter and grain yield
than diluted soil.
Shoot dry matter was depressed slightly in mycorrhizal plants
than non-mycorrhizal plants and on the other hand root dry matter
was increased due to mycorrhizal inoculation in both soil conditions. The main effect of water regimes treatment did significantly influenced the biomass, yield, nutrient concentrations and
uptake. Grain maturity and yield were higher in flooded than
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upland conditions which extremely retarded the growth and grain
formation. It was reported that suitable VA-mycorrhizal inoculants do exist for the wetland varieties of rice and, mycorrhizal
association
benefitted the plants in terms of yield ( 1 ).The
VAM colonization was the highest in nonflooded condition , but
2-5% infection level was observed in flooded condition irrespective of soil phosphorusC 60 DAP ) . VAM infection decreased along
with growth stages (Table 1 ) . Phosphorus concentrations of shoot,
root and grain were significant influenced by the treatment
combinations. Grain P concentration was significantly increased
due to VAM inoculation even under flooded condition in paddy soil
but shoot and root P decreased a little. N and K concentrations
of shoot, root and grain were also significantly influenced by
the treatment combinations. The sporulation occurs about 3-12
times in both soils even under flooded condition. Sporulation
decresed along with the growth stages (Table 1 ) . In both soil
conditions , upland 3 weeks and then flooded upto maturity treatment produced considerably higher spores compare to continuously
flooded condition. This fluctuation may be attributed due to
different factors such as soil water regimes, soil phosphorus,
mycorrhiza inoculation and duration of flooding.
Table 1.Effect of soil phosphorus and water regimes on % VAM infection of
roots and sporulation ( no. of spores per pot )
Paddy soil
VAM infection VAM sporulation
* 60
(i) NF
33.4
(ii)F
4.0
(iii)NF—F 10.0
(iv) F--NF 4.8
* Days after
dap) and 3.1
dap) and 220
any infection

140
8.7
0
3.0
8.7

60
4000
1930
3200
1800

140
1530
100
900
870

Diluted soil
VAM infection VAM sporulation
60
9.0
2.3
12.3
2.8

140
6.0
0
2.7
4.0

60
3870
1000
2670
1870

140
1230
170
730
830

planting ; For VAM infection, LSD at 5 % = 2.0 ( 60
( 140 d a p ) ; For sporulation, LSD at 5% = 966 (60
(140 d a p ) ; Nonmycorrhiza1 plants did not produced
and sporulation.

Conclusion: Though mycorrhizal infection was the highest ir
nonflooded condition, 2-5% infection level was observed even
under flooded condition. VAM establishment before flooding had
apositive impact on VAM infectivity in wetland rice cultivation,
but brought no increase or decrease in grain yield though shoot
dry matter was depressed a little under flooded condition. The
main effect of mycorrhizal treatment had higher root biomass than
nonmycorrhizal plants. Grain P concentration was significantly
increased due to VAM inoculation even under flooded condition in
paddy soil but shoot and root P decreased slightly. N and K
concentrations of mycorrhizal and nonmycorrhizal plants produced
inconsistent results.
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Impact of crop rotations on populations and activity of
vesicular-arbuscular mycorrhizal fungi in Saskatchewan soils
N. C. Talukdar and J. J. Germida*. Department
Saskatchewan, Saskatoon, Sask. S7N 0W0 Canada.

of Soil Science,

University

of

Introduction. Vesicular-arbuscular mycorrhizal fungi (VAMF) are common in Saskatchewan
agricultural soils (1). However, different agricultural practices, such as cultivation of a non-host crop
in rotation with a host crop, or inclusion of a fallow period, may decrease spore numbers or propagule
density of VAMF in soils (2). Little is known about the effects of crop rotations on VAMF
population dynamics and activity in Saskatchewan agroecosystems. This study evaluated the impact
of a fallow period, or growing canola, a non-VAMF host crop, on the number of VAMF spores and
subsequent VAMF colonization of wheat roots in Saskatchewan field soils.
Materials and Methods. The VAMF colonization levels of wheat (Triticum aestivum L. cv.
Katepwa) grown in field soils previously kept fallow, or cropped to wheat or canola, were monitored
at three sites during the 1987-88 and 1988-89 growing seasons. The field sites and soil
characteristics were described previously (1, 3). Each site contained adjacent plots representing at
least two of the three possible rotations. Twenty wheat plants were sampled from a 100 m2 plot at
tillering, panicle emergence and maturity. Roots and surrounding soil were excavated to a depth of
15-20 cm. Roots were washed free of soil and assessed for VAMF colonization levels as described
previously (1,3). The number of VAMF spores in 30 soil cores (38-50 cm3) from each site also was
determined at the time of seeding and harvest of the wheat crops (3).
Results and Discussion. The level of VAM colonization of wheat roots in adjacent fields varied
depending on the preceding crop. The highest levels of colonization were observed in roots of plants
growing on soil previously cropped to wheat, and the lowest levels were observed in roots from fields
previously cropped to canola. These observations were consistent for all field sites assessed. Similar
VAMF colonization levels were also noted for barley plants grown at these sites (data not presented).
Representative colonization data for two field sites are presented in Figure 1.
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Figure 1. Vesicular-arbuscular mycorrhizal fungi colonization of wheat growing in field soils
cropped to wheat, or canola, or left fallow in the preceding year.
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The number of VAMF spores recovered from field soils under different crop rotations also varied
(Table 1). For example, in the spring of 1989, fewer VAMF spores were recovered at all the study
sites where the 1988 crop was canola or the field had been kept fallow; canola field soils contained the
least number of VAMF spores. Because this study was conducted on adjacent fields with similar soil
properties, we assumed that the reduction in VAM spore number was attributed to the absence of a
host crop in the previous season. No attempt was made to identify these VAMF spores, although our
previous studies showed that at least seven different VAMF species could be isolated from these soils
(1). At harvest of the 1989 wheat crop, the VAMF spore numbers had increased at all sites, although
fewer VAMF spores were recovered from the wheat rhizosphere soil that had been previously
cropped to canola. Similar results were obtained for the 1987-88 rotation sequences. These results
indicate that inclusion of a non VAMF crop such as canola, or a fallow period in the rotation with
wheat, influenced the population dynamics of indigenous VAM (i.e., spores numbers) resulting in
reduced infection of subsequent wheat crops.
Table I. Number of VAMF spores in three wheat field soils previously cropped to wheat or canola
or kept fallow
Site
Lucky lake
Watrous
Stenen
a

1988
crop

1989
crop

wheat
fallow
wheat
fallow
canola
wheat
canola

wheat
wheat
wheat
wheat
wheat
wheat
wheat

No. of spores
at seeding
787
535
1227
1085
950
1852
1515

No. of spores Increase in
at harvest
spore No.
-per 100 g soil0 1105
318
805
270
1468
241
1193
108
1108
158
2113
261
1853
338

Oven dry basis

Cultivation of wheat (e.g., 1989 crop) increased VAMF spore numbers in soil by 10-50 % depending
on the initial level and the field site (Table 1). The largest increase occurred in fields previously
cropped to canola or kept fallow. Thus, the long term impact of non mycorrhizal crops or fallow on
VAMF activity is probably negligible, and can be mitigated by growing a suitable host crop. No
attempt was made to evaluate the impact of crop rotations on the VAMF community composition or
population dynamics of specific VAM species, but such studies should prove interesting.
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Ability of earthworms to increase plant growth through
their actions upon the soil microbiota
C.W.Davoren1, P.M.Stephens1, B.M.Doube1»2 and M.H.Rvderl»2
Cooperative Research Centre for Soil and Land Management* and CSIRO
Division ofSoils?, Private Bag No. 2, Glen Osmond, South Australia, 5064.
Introduction Previous studies have shown that earthworms can influence plant yield.
This has been attributed, in part, to the ability of earthworms to increase the availability of
plant nutrients in soil, the production of plant growth regulators and through their
influence upon the soil physical environment. In this paper we detail our work, aimed at
assessing the ability of the earthworms Aporrectodea rosea and Aporrectodea trapezoides
(which are widespread in soils in southern Australia) to increase plant yield through their
actions upon the soil microbiota. Specifically, the ability of these earthworms to increase
wheat plant growth by reducing the disease severity of soil-borne plant pathogens
(Gaeumannomyces graminis var. tritici (Ggt); the causitive agent of take-all and
Rhizoctonia solani Kühn ; the causitive agent of Rhizoctonia bare patch : the major fungal
root pathogens affecting wheat production in southern Australia), increasing root
colonization by beneficial bacteria and increasing the availability of plant nutrients in soil.
Materials and Methods
1) Influence of earthworms on fungal root pathogens. In a field trial, cylinders (diam 300
mm) were established containing ± earthworms and ± Ggt or R.solani. The earthworms A.
rosea or A. trapezoides were added at either 7 (equivalent to 100 m"2) or 21 cylinder 1
(equivalent to 300m"2). Wheat (cv. Spear) were grown for 42days in those cylinders
containing R.solani and for 83 days in cylinders containing Ggt.
2) Influence of earthworms on colonization by beneficial bacteria. Pseudomonas
corrugata str. 2140R (which acts as a biocontrol agent on wheat against take-all) was
incorporated into a mixture of cereal / pea hay and placed on the surface of soil in pots.
The earthworm A. trapezoides was added at either 1, 2 or 3 pot"1. Wheat (cv. Spear) was
sown at 10 mm depth and plants harvested after 9 or 18 days. Root colonization by
P. corrugata 2140R was assessed by plating serial dilutions of the root extracts on to the
appropiate antibiotic agar. This experiment was repeated with Rhizobium leguminosarum
bv. trifolii UNZ29 incorporated into the cereal / pea hay, the pots sown to subterranean
clover and the earthworm A. trapezoides added at an equivalent density of 250 m"2. Fortynine days after sowing, plants were harvested, nodule number counted, plants weighed and
nodule occupancy evaluated by plating nodule extracts onto the appropiate antibiotic agar.
3) Influence of earthworms on plant nutrient uptake. The earthworms A. rosea or
A. trapezoides were added into pots containing sandy loam soil, at a density of 1, 2 or 3
pot"1. Wheat (cv. Spear) were grown in this soil for 27 days. Plants were harvested,
weighed and nutrient foliar concentration assessed.
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Results
1) Influence of earthworms on fungal root pathogens. Under field conditions and in the
presence of added R.solani, the addition of A. rosea (at a number equivalent to 300 m"2)
and A.trapezoides (at a number equivalent to 100 or 300 m"2) caused a significant
(P<0.05) reduction in the disease severity on wheat caused by R.solani (as measured by a
reduction in the root disease rating). In the presence of added Ggt, the addition of A. rosea
or A.trapezoides (at an equivalent density of 100 or 300 m-2) caused a significant
(P<0.05) reduction in take-all disease (as measured by a reduction in the percentage length
of seminal roots containing take-all lesions).
Influence of earthworms on colonization by beneficial bacteria. When P.corrugata
2140R was inoculated into cereal / pea straw and placed on the soil surface, the presence
of A.trapezoides was associated with a significant increase in root colonization (Stephens
et al., 1993 a). When R. leguminosarum bv. trifolii UNZ29 was incorporated into a
mixture of cereal / pea hay, nodule number on the roots of subterranean clover, was
significantly (P<0.05) increased 1.9 fold in the presence of A.trapezoides. In the presence
of A.trapezoides and R. leguminosarum bv. trifolii UNZ29, 29.5 % of the nodules were
derived from the introduced strain (R. leguminosarum bv. trifolii UNZ29), while none
were formed by this strain in the absence of A.trapezoides. The earthworm A.trapezoides
caused a significant increase in the shoot dry weight of subterranean clover in all
treatments.
3) Influence of earthworms on plant nutrient uptake. Pots in which earthworms died
during the experiment were omitted from the statistical analysis. The presence of the
earthworm A.rosea was associated with a significant (P<0.05) increase in the foliar
concentration in wheat of Ca, Cu, K, Mn, N, Na and P. The presence of A.trapezoides
was associated with a significant (P<0.05) increase in the foliar concentration in wheat of
Al, Ca, Fe, K, Mn, N and Na (Stephens et al., 1993b).
Discussion This paper demonstrates the potential of the earthworms A. rosea and
A.trapezoides to influence plant growth through their interactions upon the soil
microbiota. Specifically, it demonstrates the potential of earthworms to reduce the disease
severity of soil-borne plant fungal pathogens, increase nodulation and the competitive
ability of an introduced Rhizobium strain and their ability to alleviate deficiencies in plant
nutrients.
References
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(in press).
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Earthworm culture an alternative for obtaining humus through
degradation of non traditional substrates such as ruminal
content and bovine blood.
L. Alda L ., V. de Jourdan R., L. Cid A. Facultad de Ciencias Agropecuarias, Universidad de
La Frontera - Temuco - Chile.
Introduction. The Annelida play an economical and technological role of utymost importance, due to
this, these apecimens are being used in biotechnological processes of organic waste recycling, obtaining
humus as a product which improves biological fertility of soils with significative advantages of
efficiency, agronomic value and cost-benefit relations terms. Eisenia foetida is he most used species on
earthworm culture, because it is well adapted to capavity and tolerant to extreme environmental
conditions. This study intends to estableish the behaviour of this Annelida, appleid on two nontraditional substrates, such as rumunal content and bovine blood and to determine the chemical
composition of humus obtained from the biodegradation of both substrates.
Materials and Methods. To make these experiments the Eisenia foetida specimens were distributed
in soilbeds with a population density of approximately 10.000 individuals per square meter and kept for
10 months fed on ruminal content blood and bovine, manure, this last one as control in different
proportions.
Results and Discussion. Under these conditions, it was observed that Eisenia foetida presented a
normal population growth with soil beds fed with different ruminal contents. The chemical analysis of
these humus determined that nitrogen content was greater when bovine blood was used as sustrate and
less with ruminal content the phosphorus content was higher when the sustrate was ruminal content. Kvalues were similar in both humus. With these results it may be concluded that humus quality varies
according to the wastage type used in feeding of these Eisenia foetida In the beds where blood was
used a good quality humus was obtained but with a low yield as a consequence of high mortality of
Eisenia foetida in that environment.
Literature Cited.
Alomar, D.1979. "Evaluación quimica del contenido ruminal ensilado" Agro Sur, Vol. 7. N°2 pp
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Actividad
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Relación con D i s p o n i b i l i d a d de N u t r i e n t e s .
G. Borie; S.M. Aguilera y P. Peirano. Departamento
Inorganica
y Analitica.
Facultad
de Ciencias
Farmacéuticas.
Casilla
233, Universidad
de Chile.
Chile.

de Quimica
Quimicas
y
Santiago

Introducción.
Considerando el rol fundamental que desempena
la materia organica (M.0.) en los suelos, y debido a que en
Chile los suelos de origen volcanico (andosoles) ocupan una gran
superficie cultivable, se caracterizó ün numero representatives
de ellos respecto de su contenido de C organico, su microflora
asociada y algunas actividades enziinaticas relacionadas a la
dinamica de la M.0.
En éstos también se estudió la
disponibilidad de nutrientes (P y K) y su eventual modificación
por efecto de su incubación con distintos sustratos.
Materiales
y Métodos.
Se tomaron muestras de suelos
trumaos, rojo arcillosos y nadis, cultivados y sin cultivar.
Luego se incubaron, previamente adicionados de C organico
(glucosa o celulosa), P y N, durante 4 meses y a temperatura,
luz y humedad controladas.
El C organico se determine por
combustion seca, la biomasa microbiana por el método se
Jenkinson
y Powlson
(1976) adaptado.
Las actividades
enzimaticas se determinaron, antes y después de la incubación,
segün téenicas adaptadas para suelos volcanicos chilenos,
(Peirano, Borie, Aguilera, 1987, Aguilera y otros, 1988). El P
disponible se determine por método de Olsen y el K por
fotometria de llama.
Se midió actividad respiratoria a través
del CO. acumulado.
Resultados
y Discusión.
Los resultados del cuadro N°l
indican que el contenido de M.0. en los suelos disminuye por
efecto del cultivo, con excepción de los suelos Temuco y Arrayan
que conservan los niveles originales del suelo virgen. A la
vez, hay una tendencia bastante generalizada a disminuir la
actividad biológica. La incubación del suelo con nutrientes P,
N y C permite ver su recuperabilidad, observandose un gran
incremento en la actividad microbiana medida a través de DH por
la simple incubación. También aumenta la actividad respiratoria
por adición de sustratos carbonados, mineralizandose una
cantidad de M.0. que es superior a la aportada por la glucosa y
también por la celulosa.
En los suelos hadis se observa un
aumento de P disponible, efecto que no es tan evidente en los
otros suelos debido, probablemente, al mayor consumo de su flora
microbiana.
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Summary.

In Chile, volcanic ash soils (andosoils) are of great
importance for the wide cultivating areas they represent.
This study characterizes a representative number of both
cultivated and non cultivated soils: their organic carbon,
biomass, and enzymatic and respiratory activity. In addition, a
study was done of nutrient availability (P and K) and the effect
of incubation at controlled temperatures by adding P, N and
carbon sources (glucose and celullose)
Biological activity decreases during cultivation and is
restored during incubation. Carbonated substrates increased
microbiological and respiratory activity, and also increases in
carbon mineralization beyond the glucose or celullose amended.
In Nadis soils, there is an increase of the P available, which
is not so clearly noticed in other soils.
PROPIEDADES QUIMICO-BIOLOGICAS DE SUELOS VOLCANICOS
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Soil and organic matter turnover by earthworms in cropping
systems of the humid-subhumid tropics
S. Hauser.
International Institute
Station, BP 2008 Messa, Yaoundé,

of Tropical Agriculture
Cameroon.

(IITA), Humid

Forest

Introduction: Earthworm activity contributes to rehabilitation, maintenance, or improvement of
soil physical and chemical properties. The impact of earthworms depends on the amount of casts
deposited on the soil surface and their chemical and physical properties. Investigations reported
here were carried out to (1) determine the total amounts of casts and soil organic matter (SOM)
deposited at the soil surface in traditional versus improved cropping systems and undisturbed forest.
Materials and Methods: Investigations were carried out at the IITA mainstation, Ibadan,
southwestern Nigeria, between 1990 and 1993. Earthworm casts were collected twice a week
throughout the casting season. Cropping systems were: traditional bush regrowth slash and burn
(BRG), alley cropping at 4 m interrow distance using Leucaena leucocephala, Senna siamea,
Dactyladenia harteri as hedgerow trees, and herbaceous legume live mulch system using Pueraria
phaseoloides. BRG, L-AC and PLM were investigated at two cropping intensities: permanent
cropping (100%) and one cropping in a four year cycle (25%). Plots were either planted to
maize/cassava intercrop or sequentially planted to maize in the first and cowpea in the second
season. Undisturbed forest served as a control. Casts were analysed for organic carbon using
Walkely and Black method.
Results and Discussion: The casting season last for 200 to 215 days between April and late
October. Commencement of casting depends on regular rains. The dominating species was
Hypehodrilus africanus. Casting rates are highest at the start of the season. Highest casting
activity was recorded under permanently cropped Pueraria live mulch system, followed by
permanently cropped alley cropping with L. leucocephala and forest (Tab. 1). All respective
systems cropped once in four years had lower casting activity. The latter was probably due to
burning of biomass before cropping, thereby removing protective mulch, a practice not used in the
permanently cropped treatments. Exposure of the soil surface to direct sun light and changes in
temperature and moisture regime might have caused this reduced casting activity. In alley cropping
using L. leucocephala or S. siamea a significant gradient in casting activity occured along the
transect from the hedgerow to the
Table 1. Cumulative amounts (Mg/ha) of casts deposited and soil layer (cm) generated in cropping
systems of different intensity and in the undisturbed forest. LSD 0.05 = 23.0.
Cropping intensity
Bush fallow regrowth
Pueraria live mulch
Leucaena alley cropping
Mean

100%
Mg/ha
35.21 dc
77.61 a
66.06 ab
59.63

cm
0.25
0.55
0.47
0.43

25%
Mg/ha
27.42 d
43.53 bed
53.51 be
41.49

100

cm
0.20
0.31
0.38
0.30

Forest
Mg/ha
cm
55.74 abc
0.40

middle of the alley. This gradient was more pronounced when using L. leucocephala and increased
with increasing length of cropping (Tab. 2). Relative casting activity in the middle of Leucaena
alleys was reduced by 12.3%, 54.8%, 79.5% and 86.3% in the first, fourth, sixth and seventh year
of cropping, respectively as compared to casting under the hedgerow. Steepest gradients occurred
close to the hedgerow being up to -4 Mg/ha/cm. Hedgerow species producing more recalcitrant
mulches such like Dactyladenia barteri did not induce a gradient.
Table 2. Cumulative amounts of casts (Mg/ha) deposited along the transect between hedgerows
and the middle of the alley.
Years of
cropping
1
4

6
7
7
6

Hedgerow
species
L. leucocephala
L. leucocephala
L. leucocephala
L. leucocephala
S. siamea
D. barteri

0-10

distance from the hedgt :row (cm)
10-30
30-60
60-100 100-200 LSD005

63.9
134.0 a
112.8 a
93.1a
77.2 a
50.5

48.4
73.9
66.7
53.7
58.7
39.2

b
ab
ab
ab

46.9
58.1 b
36.7 b
34.9 ab
37.0 ab
36.3

52.1
64.8 b
29.5 b
19.7 b
32.1 ab
35.5

56.0
60.6 b
23.1 b
12.7 b
19.5 b
31.4

NS
52.3
55.4
65.7
48.6
NS

Organic carbon content of casts ranged from 4.39 to 4.94% in cropping systems without significant
differences. Casts from the forest contained 5.88% C. The respective top soil (0-15 cm) had 1.56
to 2.02% C, the forest soil 3.27%. Organic C in top soil was significantly correlated with organic
C content in casts (R2 = 0.84). Since organic C in casts did not differ significantly, total amounts
of C deposited with casts were determined by the total amount of casts (Tab. 3).
Table 3. Cumulative amount of organic carbon (kg/ha) deposited with earthworm casts in
cropping systems and forest.
Cropping
intensity
100%
25%
Mean

BFR

PLM

L-AC

Forest

Mean

1517.6
1419.5
1468.6

3725.3
2013.5
2869.4

3202.3
2527.4
2864.9

3600.3

2815.1
1986.6

Amounts of organic C in casts represent an equivalent of 3.7 - 9.3 Mg/ha of biomass, assuming
40% C content. Total amount of prunings applied and crop residues retained can be as high as 26
t/ha/year, equivalent to 10.4 t/ha C. Thus earthworms are potentially capable to transform a large
portion of the annual biomass production into soil organic matter.
Further investigation of the quantitative relationship between biomass production, soil organic
matter content and bio-physical conditions affecting earthworm activity is required to exploit
earthworm activity in order to utilize their regenerating impact for sustained crop production.
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Root Decomposition Process in Mediterranean
Conditions
C. Ribeiro and' M. Madeira. Departamento de Ciências do Ambiente,
Institute» Superior de Agronomia, 1399 Lisboa Codex, Portugal.
Introduction. Formation of root litter has been considered to be similar, in quantity, to above
ground litter (4). Process of root litter decomposition should be very important to the organic
matter and elements dynamics in the forest soils (3). Nevertheless little research has been done on
decomposition and element release from decomposing root litter (1). Such a research does not
exist for mediterranean conditions where organic matter content in soils tends to be low.
Therefore, a research program was initiated to assess the process of root litter decomposition in a
pine forest system in central Portugal. Results related to weight loss and nutrient release during the
first two years of the experiment are shown.
Materials and Methods. The experimental area (39° 20' N, 9° 18' W) is located in central
Portugal at 80 m a. s. 1., on a flat area over sandstone and sand sediments. The average annual
rainfall and temperature are, respectively, 638 mm and 15.2o C. January is the coldest month (10o
C) whereas July shows the maximum value of temperature (21.2o C). The area is occupied by an
experimental plantation of Pinus pinaster Ait. at 3x3 m spacing, without understorey vegetation.
The soils are mostly Spodosols and Cambisols.
Live roots were taken from the top soil (Ah horizon) of plantations in the neighbourhood at
October 90. After being dried at room temperature they were cleaned and divided into four classes:
Root diam.
classe (mm)

C/N

Very Fine (<1)
Fine (1-2)
Medium (2-5)
Large (5-10)

95
152
166
208

N

Ca

K
Mg
mgg" 1 dry weight

4.50 26.20
3.30 16.50
2.80 8.60
2.30 5.00

1.30 0.90
1.30 0.70
1.20 1.10
1.20 1.70

P
1.00
1.01
1.07
1.31

Lignin

01 sen's fit
K(per year)

294
308
276
298

0.103
0.135
0.175
0.305

very fine (< 1 mm), fine (1-2 mm), medium (2-5 mm) and large (5-10 mm). Roots were then put
in litterbags with 1 mm mesh size and incubated in the top soil in 18 blocks. The experiment
begun in March 1991 and samplings were made three times per year. On each sampling a litterbag
with each root diameter classe from each block was collected. The litterbags were cleaned of
inorganic material and the roots dried at 85° C, weighed individually and pooled to one composite
sample for further chemical analysis. Chemical analysis was made both on the initial material and
on sampled root litter. Samples were ground (< 0.2 mm) and analysed for ash, C, N, P, Ca, Mg,
K and lignin content. The results are expressed on a ash free basis.
Results and Discussion. The decomposition rate obtained from data of two years of
decomposition was significantly higher for the large and medium roots than for the very fine and
fine ones (see Table and Figure). The weight loss and Olsen's decay rate increased with root litter
diameter and with decreasing N content and increasing lignin/N ratio (see Table). Such a trend
does not agree with that found by others (1,2) who refer that larger roots decomposed slower
than the finer ones and that the respective decay rate increased with increasing N content and with
decreasing lignin/N ratio. On the other hand, our results agree with those stated by another group
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of authors (3) who found that very fine roots (< 0.5 mm) decomposed slower than the fine ones
(0.5-3 mm), i. e. decay rate was negatively correlated to N content and positively correlated to the
lignin/N ratio. The immobilization of N, verified in decomposing root litter (see Figure), has been
documented by several authors (2, 3). However the higher release of N from large roots was not
found by others(2). Our results also show a rapid release of P from roots. Such a release was
higher than that reported by other authors (2). One should notice the very low release of K from
very fine and fine roots and the immobilization of Mg in the same roots. The release of Mg, K, P
and Ca was in overall faster from the larger roots, i. e. such a release followed approximately the
pattern of decomposition rate. Such a tendency was not found in other studies (2) who showed
similar or slight higher release from the fine in comparison to medium roots. Our results indicate
that further studies are needed to assess the decomposition process of the root litter, especially to
support comparative studies between different climatic regions.
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Chemical Structures, Microbial Components and Turnover
of Organic Matter in Soil Aggregates and Particle Size
Fractions.
C M . Monreal*, E.G. Gregorich, and M. Schnitzer. Agriculture Canada,
Centre for Land and Biological Resources Research, Ottawa, Ontario,
Canada. K1A 0C6
Introduction. Understanding nutrient cycling and resource quality in terrestrial systems
requires quantitative information on the interrelations between biotic and abiotic pools.
Little is known about the quality and distribution of soil organic matter (SOM) in soil
aggregates, particle size fractions, and on the interactions of organic molecules with clay
colloids. Within this context, the objectives of this study are to examine the: a) chemical
composition of SOM in aggregate and particle size fractions and their relation to microbial
components and processes, b) mean age and turnover of SOM in aggregate and particle
size fractions.
Materials and Methods. Samples of an Aridic Boroll cropped to wheat, and adjacent
forest and cultivated Aquept cropped to corn were taken in 1992. Radio carbon dating,
chemical and biochemical measurements were made on different soil aggregate and
particle size fractions. Total C was measured by dry combustion and inorganic-C by acid
digestion. Soil organic carbon was determined by difference. Chemical characterization of
SOM was made by solid state cross polarization/magic angle spinning 13C nuclear
magnetic resonance (CP/MAS 13C NMR) and pyrolysis-field ionization mass spectrometry
(Py-FIMS). Microbial biomass was determined by the chloroform fumigation extraction
method and the number of bacteria, fungi and actinimycetes by the plate count dilution
technique. The turnover and age of SOM in particle size and aggregate fractions was
determined using snC natural abundance and radiocarbon techniques.
Results and Discussion. Solid CP/MAS 13C NMR and Py-FIMS revealed that most
classes of organic molecules and types of carbon were present in aggregate and particle
size fractions of Aridic Boroll and Aquept. Differences were found, however in the
distribution and concentration of chemical structures among the physical fractions.
Aliphatics were the most abundant type of organic-C, followed by aromatics. Py-FIMS
showed that carbohydrates, phenols and lignin monomers derived from plant tissues were
the most abundant classes of identified compounds. Less abundant compounds included
sterols, lignin dimers, and a group of compounds represented by lipids, alkanes and
alkenes. Different aggregate sizes reflected differences in microbial components. N-acetyl
amino acids are compounds synthesized only by bacteria and ergosterol by fungi. Py-FIMS
revealed higher relative abundances of these compounds in macro- than in microaggregates, and an absence of ergosterol in micro-aggregates < 50 iim. Measurements of
soil microbial biomass, rate of biochemical processes, and the number of bacteria, fungi
and actinomycetes in the Aridic Boroll supported data obtained by Py-FIMS. Higher rates
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of C and N mineralization were also reported for macro-aggregates than for microaggregates in Pachic Haplustolls of Nebraska (1).
The mean age of SOM in macro-aggregates of native and cultivated Aquepts was young
(<100 y). Micro-aggregates (< 50 nm) of the forest site had young and old organic-C. The
young SOM pool was found in samples of the 0-5 cm depth. Old SOM (> 400 y) was
found in the 5-15 cm depth. Micro-aggregates (<50/wi) in the cultivated soil only
contained old carbon. The old SOM resembled the stable organic-C in an Aquic Argiudoll
(2). The pool size for stable organic-C in the A horizon of the forest site was 1900 kg ha"1
or 2 % of the total organic-C, and 12,597 kg ha"1 or 31 % of the total organic-C in the
cultivated Aquept. The mixing of B horizon with A horizon soil materials during
cultivation may have increased the proportion of stable SOM. From a chemical viewpoint,
solid CP/MAS 13C NMR analysis indicated that the average long-term turnover rate of
aliphatic and aromatic-C was similar in cultivated soils. Therefore, organic matter stability
is related to physical protection rather than to the chemical nature of SOM. Stable
organic-C may consist of macromolecules associated with crystalline and noncrystalline
minerals (3). More research is needed on the interactions between biotic and abiotic pools.
Natural 13C abundance studies show significant differences in SOM dynamics between
macro-aggregates and micro-aggregates (<50/wi). Close to 30% of the C in macro- and
micro-aggregates (50-250/wi) of the A horizon was derived from corn residues in the
cultivated Aquept. In comparison, only 19% of the C in micro-aggregates (<50fim) was
derived from corn residues The turnover rate of C from corn residues in macro- and
micro-aggregates (50-250/ym) was the same and supports the radiocarbon data. This
information strongly suggests that tillage and farming practices influenced the dynamics
and quality of SOM only in aggregates > 50 ym.
In conclusion, aggregate and particle size fractions contained similar organic compounds,
with different concentration and distribution among the physical fractions. The chemical
composition of SOM in aggregates reflected the composition and activity of soil
organisms. The mean age and turnover of SOM in aggregates >50um was significantly
different from those in aggregates <50 jjm. These results support a hierarchical concept
for the dynamics and quality of SOM built on the basis of physical boundaries, chemical
composition and biochemical processes.
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(1) Elliot, E.T. 1986 Aggregate structure and carbon, nitrogen and phosphorus in native
and cultivated soils. Soil Sci. Soc. Am. J. 50:627-633.
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Soil Sci. Soc. Am J. 56:460-464.
(3) Schnitzer, M., and H. Kodama. 1992 Interactions between organic and inorganic
components in particle-size fractions separated from four soils. Soil Sci. Soc. Am. J
56:1099-1105.
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SOIL MICROBIOCENOSES ACTIVITY AS
A BIOMARKER OF ANTHROPOGENIC IMPACT
N.D.Ananyeva, E.V.Blagodatskaya, and D.B.Orlinskii. Institute of Soil
Science and Photosynthesis RAS, Pushchino, Moscow region, 142292, Russia
Introduction. The problem of soil state assessment connected with increasing
anthropogenic impact and the necessity of essential ecological problem decision need
searching of the sensitive parameters which are able to reflect the soil state in the first
stages of its alteration. Soil microorganisms activity can be served the such indicator. The
investigations carried out by us have demonstrated the valid relationship between the
carbon dioxide evolution rate (the native and enriched by accessible substrate soil) and the
persistence and soil self-purification ability (they are the important features of soil
microbial communities). The quantitative indexes characterized these features (selfpurification ability and persistence) can be served as a biomarkers of anthropogenic
impact.
Materials and Methods. Soils: grey forest, soddy-podzolic, alluvial and others. Region:
Moscow region, the centre of Russia European part (30 x 40 km, scale 1:100000).
Measurements: soil basal respiration rate (V basa ]), substrate-induced respiration rate (SIR
method), pesticide transformation rate in soil. Chemical and microbiological experimental
data have been processed using a program of SAS (statistical analytical system) and
various procedures of correlation, regression and dispersion analysis.
Results and Discussion.The relationship between soil microbial biomass (BM) measured
by SIR-method and degradation rate constant (K) of different pesticides (ridomil, HCH,
linuron and others belongs to various organic compound groups) in soil has been
determined. Directly proportional relationship between K value and BM one has been
described by an equation of the straight line for one of studding compound (ridomil,
a.c.metalaxyl): K=0.00028 BM - 0.004 with R 2 = 0.92 and the variation coefficient 15%,
the probability level 99%. It has been shown, that for the assessment of soil pesticide
detoxication ability will suffice to compare the microorganisms biomass values of these
soils instead of time - or labourconsuming determination of pesticide concentration in soil
(table 1).
Table 1. Soil self-purification (soddy-podzolic, grey forest soil, chernozem,
alluvial soil) from pesticide ridomil.
Intervals of BM value, ng O g " l
K, day"1
Period of the 99% pesticide
disappearance, dav
Soil self-purification ability

3000
0.08
58

2000
0.05
92

1000
0.02
230

500
0.01
460

moderate

liigh

106

300
0.004
921

<300
<0.004
>921
low

As the biomarker of anthropogenic impact on soil microbiocenoses their persistence
can be served. The persistence criterion can be the ratio between soil basal respiration
value and soil microbial biomass one (SIR method). Experimental data have been shown
that the greater is the ratio value, the smaller is the persistence system.
Suggested soil self-purification and persistence criteria of soil microbial communities
provide the basis for thematic mapping realization reflected soil ecological state of chosen
territory. The number of territory sample-point (for soil sampling) depends on the goal,
territory complex and in respect to the full description of its spatial irregularity. The
relationship between a map subject (soil microbial biomass level) and chosen environment
indexes have been investigated and done an statistical model described studding subject as
a function of ecological factors. It has been shown that the value of soil microorganisms
biomass of studied region reflects the anthropogemc impact degree on determined
territory (the highest contribution to biomass dispersion has an agricultural factor equated
71%) and, consequently, it can be used as a criterion of this impact on soil. The
approaches to the computer mapping of any territory and the realization of its volume
model reflected anthropogenic impact have been developed (fig.1).

Fig.1 Three-dimensional model of soil
microbial biomass distribution:
X-axe - 40 km, Y-axe - 30 km.

Conclusion. So, the soil microbiocenoces activity assessment can be served the biomarker
of anthropogenic impact on soil and the analysis system of data spatial distributed allows
to do the thematic mapping of territory and judge about anthropogenic impact degree on
soils. Computer maps can be used for ecological goals and soil monitoring.
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Nitrogen-Fixation Activity as a Tool to Study Anthropogenic
Impact on Soil
A. MSrtensson*. Dep. Soil Sc, Sw. Univ. Agric. Sc, Uppsala, Sweden.
Introduction. Increased environmental concern has resulted in a need for methods to study impact
of various anthropogenic substances such as pesticides and heavy metals on soil biological systems.
This study reports the use of free-living heterotrophic biological nitrogen-fixing (BNF)
microorganisms and surface colonizing cyanobacteria to study impact of anthropogenic substances in
soil.
Materials and Methods. The studied soils originated from a 35-year old Swedish field
experiment. The soil is of post-glacial origin with a clay content of 35%, silt 35%, fine sand 21%, a
pH of 6.6, and an organic content of 1.5% in 1956. The experiment consists of 4 blocks. The
treaments include additions of organic matter and inorganic nitrogen fertilizers, randomized within
each block. Every second year organic materials are added equivalent to 4 t ash-free organic matter
ha 1 . The N-fertilizer plots receive 80 kg N ha 'yr'. Since 1956, great variabilities with respect to soil
pH and C- and N-contents of the treatments have evolved, table 1.
Nitrogen fixation by BNF microbes was studied after adding various concentrations of heavy metals
and agrochemicals to sampled soils. The chemicals included salts of Cu. Ni and Zn, the fungicides
benomyl and mancozeb and the herbicides chlorsulphuron and glyphosate. The soil surface was
wetted and supplied with glucose to give and adition of 2.5 mg glucose g DW of soil-1. Water
contents were set equal. The soils were incubated in dark at 25"C for 36 h when placed in air-tight
glass jar. The soils were added 10% acetylene and incubated as before for 24-48 h. Acetylene
reduction activity (ARA) determined as ethylene formation was detected at intervals and mirrors the
BNF activity (1). The presence of endogeonous ethylene formation was detected through the addition
of0.5%CO(2).
Cyanobacterial BNF was studied by placing soil, prepared as before, in Petri dishes and keeping
these humid at permanent light for 2.5 months. During this period ARA was determined at regulij
intervals by short-time incubations as before.The occasion when maximum values were obtained by
the control is used when analyzing the impact of additions of heavy metals and pesticides on
cyanobacterial BNF.
Results and Discussion. The highest potential BNF of free-living microbes was found in the soil
fertilized with calcium cyanamide, pH 7.4, and the lowest in the peat-amended soil, pH 5.6. ARA was
depending on soil pH, r2=0.836, but independent of soil C and N contents. Cyanobacterial BNF
was highest in the calicium cyanamide fertilized treatment and lowest in unfertilized soil. ARA and
soil pH was correlated (r2=0.745). No relationship between cyanobacterial ARA and soil C or N was
found. In the soils treated with anthropogenic substances negative effects of free-living BNF by
heavy-metals occurred at 75 ppm Cu, 125 ppm Ni and 450 ppm Zn (PO.010) and on the
cyanobacteria at 125 ppm Cu, 125 ppm Ni and 450 ppm Zn (P<0.010). Effects of Cu and Zn en
free-living BNF microbes and cyanobacteria were independent of soil pH, soil C and N.
Negative effects on ARA on the BNF microbes by the fungicide benomyl was independent of pH, C
and N. The effects of mancozeb was elevated at decreasing soil pH but independent of C and N. The
adverse effects on heterotrophic BNF by the herbicide glyphosate were independent of pH, C and N.
Negative effects on ARA by freeliving microbes by chlorsulphuron increased at low pH. The effects
of the herbicides on cyanobacterial BNF was unafffected by soil pH, C and N. Pesticide additions
which caused severe effects on heterotrophic BNF are above recommended concentrations in practise.
For instance, 100 times more benomyl, chlorsulphuron, glyphosate and mancozeb then
recommended, assuming that! ^ig active substar.ce-g 'DW of soil corresponds to an addition of ' k<_
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active substance-ha"1, must be added to significantly reduce heterotrophic nitrogen fixation
(P<0.010). To significantly reduce cyanobacterial BNF additions of 200 times more than the
recommended rate of chlorsulphuron, glyphosate and mancozeb have to be made before negative
effects occurred. Comparing the sensitivity of heterotrophic BNF and cyanobacteria, heterotrophs
trigger a response at lower concentrations of additions of heavy-metals than the cyanobacteria. This
indicates that the cyanobacteria are less sensitive than the heterotrophs with respect to increasing
concentrations of heavy metals. This has also been shown when studying impacts of heavy-metal
contaminated sewage-sludge (3). Considering the pesticides, the heterotrophs are again more sensitive
than the cyanobacteria towards most substances except mancozeb which triggered a response on
heterotrophs at 100 times recommendation but on the cyanobacteria at 40 times recommendations.
Conclusions. In general, pesticide concentrations must exceed recommended concentrations before
negative effects occur on heterotrophic BNF microroganisms and cyanobacteria. Heavy metals,
however, must be observed since adverse effects occur at levels below or close to recommended
critical values. If the aim is to evaluate hypothetically hazardous substances, both processes are
recommendable to use because different biochemical occur in the two groups of organisms.
Literature Cited.
(1) Hardy, R., Burns R., and Holsten, R. 1973. Applications of the acetylene-ethylene assay for
measurement of nitrogen fixation. Soil Biol. Biochem. 5:47-81.
(2) Nohrstedt, H-Ö. 1983. Natural formation of ehtylene in forest soils and methods to correct results
given by the acetylene-reduction assay. Soil Biol. Biochem. 15:281-286.
(3) Martensson, A. and Witter, E. 1990. Influence of various soil amendments on nitrogen-fixing soil
microorganisms in a long-term field experiment, with special reference to sewage sludge. Soil Biol.
Biochem. 22:977-982.
Table 1. Soil pH, total C and N concent 35 year after the start of the long-term field experiment at
Ultuna, mean values! S.E.
Treatment
pH
%C
%N
Calcium cyanamide
Calcium nitrate
FYM
Peat
Straw
Unfertilized

7.41±0.06
6.75±0.08
6.56±0.08
5.60±0.18
6.37±0.10
6.16±0.08
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1.35±0.09
1.34±0.06
1.92±0.04
2.43±0.09
1.49±0.09
1.16±0.08

0.17±0.01
0.16±0.01
0.21±0.01
0.18±0.01
0.17±0.01
0.14±0.01

Some Relationships between Soil Characteristics
and Wheat Mosaic Virus Diseases
M. Isambert, M. Fouchard1, H. Gaillard, C. Le Lay, Soil Survey Staff of France (SESCPF),
INRA, Centre de recherches d'Orleans 45160 OLIVET France
and Station de Pathologie VégétaleJNRA, Centre de recherches de Versailles 78026
VERSAILLES France

Introduction. Wheat mosaic virus, transmitted by the soil "fungus" Polymyxa
graminis, causes much damage to the soft winter wheat. This disease spreads in
round or long strips in the fields. The French "Centre" region is particularly affected.
Many field observations are often made by comparing the presence/absence of wheat
mosaic and soil property changes. Our research consists of a statistical analysis of
some soil characteristics and the wheat mosaic intensity at the same sites.
Materials and Methods. In thirteen wheat fields, selected for the mosaic effects
observed during the previous years, one 6 metre-wide strip was sown with a
susceptible variety (Soissons or Thésée), the rest of each field was sown with a
tolerant variety (Fandango or Declic) of wheat. We compared the susceptible and
tolerant varieties, also the areas with mosaic and the areas without mosaic in the
susceptible variety strip.
We collected 65 undisturbed soil samples (5 per field), from the ploughed A horizon
in the susceptible variety strip. The sampling was made in November, during a wet
and fo/ymyjca-vulnerable period when the wheat shoots began to show up.
For each soil sample, field water content was measured. Particle size distribution and
physico-chemical analyses were carried out to further define the soil-types in which
wheat mosaic developed.
With regard to the effects of the mosaic virus in the vicinity of each soil sample, we
observed the disease intensity during the spring and measured the average wheat
height at harvest in the infected areas in comparison to the non-infected areas.
Results and Discussion. In this region, the disease occurs especially on flint-stoned
soils. The pattern varies with the slope : if it is weak (<3%), the aspect is as a
"mosaic" floor; but if the slope is higher, the disease draws long spindles in the slope
direction. This second case, probably in relation with runoff (1), was not studied.
However the first case depends on the Polymyxa spore movements with their two
flagella in the soil free water content (2). In our sampling, the water contents were
very comparable with the better conditions obtained by Himmel.
Table 1 presents the mosaic linkages with different soil characteristics. For all soil
samples, the field water content was considered, but the correlation with the mosaic
disease was not significant.
With regard to the stones, the direct correlation is insignificant as well. These
preliminary results suggest the following : many situations probably exist with the 65
samples and we cannot find any significant correlations.
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Table 1
Mosaic linkage with
-field water content
-stone content
-sand content
-coarse sand content
-pH

Samples
65
65
65
20
20

Degr.of Freed.
63
63
63
18
18

R

0.619
0.501

Meaning
N.S.
N.S
N.S.
H.C.(1%)
C. (5%)

However, if the fields present silty soil and flint-stoned soil in the same strip (4 fields
on 13, that is to say 20 samples on 65), the mosaic appears together with the stones.
The particle size distribution of flint-stoned soils shows high correlation between the
coarse sand content and mosaic disease. In the same four strips, two other high
correlations were shown between the stone content and the coarse sand content and
the whole sand content (table 2).
Table 2
Stone linkage with
-coarse sand content
-the whole sand cont.

Samples
20
20

Degr.of Freed.
18
18

R
0.687
0.640

Meaning
H.C.(1%)
H.C.(1%)

Regarding the physico-chemical conditions, we obtained one significant correlation
between the mosaic effect intensity and the pH (table 1).
These results were looked at against the microscopic porosity information(3) of the
same sample stones. The flint-stones were very porous inside and very less porous in
the outlying part. In the inside porosity, a lot of spheres from 10 to 15 fxm diameter
could be seen, however were different from the Polymyxa cystosores described by
Karling (4).
To conclude, we have no explanation about the high correlations between mosaic
intensity and sand content, and between flint-stones and sand content. Why mosaic
intensity is not correled with the flint-stones, however the mosaic appears with the
flint-stones in the fields ? Experiments are continued at the laboratory of Pathologie
Végetale, INRA Versailles, to find how the soil characteristics enable the presence of
Polymyxa graminis.
Literature cited
(1) HILL S.A., WALPOLE B.J. (1989). National and local spread of barley
yellow mosaic virus in the United Kingdom. EPPO Bulletin 19, 555-562.
(2) HIMMEL P.T., SIMMONS F.W., HEWINGS A.D., GLAWE D A . (1992).
Effects of soil water status on infection of soft red winter wheat by soilborne
wheat mosaic virus. Canadian Journal of plant pathology. (14) 147-151.
(3) TEAKLE D.S (1988). The effect of environmental factors on fongustransmitted viruses and their vectors. In Developments in Applied Biology II.
Viruses with fungal vectors (Eds Cooper J.I., Asher M.J.C.) p. 167-179.
Association of Applied Biologists, Wellesbourne, UK.
(4) KARLING J.S. (1968). The plasmodiophorales. Second edition (Eds Hofner
Publising company), pp 256. London, New-York, 95-98.
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Influence of the Soil Moisture Contents of Diabrotica virgifera
zeae Populations in Maize
J.L. Ayala*, A. Lagunes, and R Vega. . Department of Parasitology,
Universidad Autónoma Chapingo, 56230 Chapingo, Méx., México.

Introduction. In Mexico, the mexican corn rootworm, Diabrotica virgifera zeae Krysan and Smith
(Coleoptera:Chrysomelidae) causes damages to the roots of maize, and losses higher than 80% of
the yield per acre. Soil moisture is very necessary for the development of this insect; however, the
application of a 2-4 inches film of water, when D. virgifera is in the pupal state, reduces nearly 50%
of the adults emergency (2). The objetive of this work was to establish the relationship of soil
moisture and the development of eggs and adults populations of D. v. zeae in maize.
Materials and Methods. The foregoing parameters were studied in maize during 1992, in an
experiment located in Toluca, State of Mexico, using an area of approximately V* of an acre. The
extraction of eggs in the laboratory (1) began since the planting time, and continued at two weeks
intervals. Samples (cubes of one foot side long) were taken in five sites. Readings of the adult
populations were counted in 8.7 yards of row, and too in five sampling at 14 days intervals, until
they practically disappeared from the field. The soil moisture was measured between July 4 and
September 26, i.e. 186tn and 270 tn Julian days (j.d.) of the same sampling sites, taking I foot of soil
stratum; for this purpose, it was used the gravimetric method, and the formula:
(WMS-WDS)
%SM=

(100),
WMS

where: %SM=percentage of soil moisture; WMS=weight of
moist soil; and WDS=weight of dry soil.

The eggs and adults of the mexican corn rootworm were registered until October 10 (284 tn j.d.),
when the plants were physiologically mature. The variables were analyzed by lineal regressions,
using the square model, and for figures the Harvard Graphics 3.0 was used, with aid of which the
mentioned parameters were integrated.
Results and Discussion. In Fig. 1 it can be observed that soil moisture was lower than 20% from
I86 tn to 228*" j.d. and coincidentally populations of Diabrotica eggs were also low; whilst the
adults populations increased, reaching their highest number by the 228 tn j.d. On the other hand, by
the 242 tn j.d. the first saturation of soil moisture was registered, with the coincidence of the largest
population of Diabrotica eggs in the soil; however, they decreased slowly for the next sampling;
same ocurred with the adults, until they disappeared from the field by the 270 tn j.d.; this probably
was due to large amounts of adults of D. V. zeae found at that time on Cucurbita spp. flowers, near
the experimental plot, and scant food for these insects in the corn field. The relationship of soil
moisture and the development of the mexican corn rootworm was corroborated with the lineal
regressions, because a R.2=0.88 was determined for the variable eggs; whereas, for adults a
11
tn
R2=0.94 was obtained with basis in the data of samplings between the 186 ' and 242 j.d.
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Therefore, it may be concluded that an adequate soil moisture is very important for egg hatching
and development of the mexican corn rootworm; conversely, excess of soil moisture negatively
affects this insect.
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Fig. 1. Relationship between Diabrotica virgifera zeae and soil moisture. Toluca, Mex. 1992.

Literature Cited.
(1) Bergman, M. K.; J. J. Tollefson and P. N. Hinz. 1981. Sampling scheme for estimating
populations of corn rootworm larvae. Environ. Entomol. 10:986-990.
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Los Colémbolos como indicadores de las caracteristicas de los suelos de
diferentes ecosistemas de la vertiente meridional del Sistema Central
Espanol.
Luciafiez, M. J. y Simón, J.C.
El presente trabajo representa una contribución al conocimiento de la variation de las
comunidades de colémbolos en diferentes tipos de vegetation y alturas del Sistema
Central de la Peninsula Ibérica ( Sierra de Guadarrama y Sierra de Gredos) Para su
estudio se han utilizado indices de diversidad y riqueza y analisis multivariantes.
En la Sierra de Guadarrama se observa un incremento en las poblaciones en las zonas de
altura (piornal y pinar) junto a un enrriquecimiento en especies endémicas y estenoicas
Al mismo tiempo a menor altitud aparecen especies propias de bosques de frondosas y
otras xerófilas, termófilas y cosmopolitas Se comprueba ademas, la disminución de los
indices de diversidad y riqueza en los ecosistemas de menor altura.
En la Sierra de Gredos existe una notable disminución de las poblaciones en la zona de
altura por efecto del clima y acción antrópica, respecto a las medios forestales se
comportan como biotopos naturales bien conservados, aunque en las zonas mas bajas,
como ocurre en Guadarrama, aparecen especies termófilas.
Se considera ademas el significado del estudio de los colémbolos de cara a una
interpretation del grado de conservation de las zonas estudiadas.
Dirección: Departamento de Biologia c£ Zoologia, Facultad de Ciencias, Universidad
Autónoma de Madrid, Cantoblanco, 28049 Madrid, Espana.
Teléfono: 3978293. Fax: 3978344
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Function and ecology of proteolytic Bacillus spp. in paddy
field.
K.Watanabe*., and K.Hayano**. *Kyushu National Agricultural Experiment
Station, Nishigoshi, Kumamoto 861-11 , **National Institute of AgroEnvironmental Sciences, Tsukuba 305, Japan.
Introduction. Proteolysis plays an important role in the nitrogen cycle that
contributes to soil fertility. Soil protease is thought to be mainly supplied by
soil microorganisms. Information on how protease is produced in paddy soil
is necessary to efficiently use the natural nitrogen source for plant growth.
However, there is insufficient information on the microorganisms that supply
soil protease in paddy field. Our former test using selective incubation
method implied that the source of soil protease in paddy fields might be
bacteria 1 '. We describe here our attempts to elucidate the major source of soil
protease in paddy field under rice cultivation.
Materials and Methods. Soil samples were taken from the surface layer of
paddy fields in Chikugo, Japan (Gray Lowland soil), in which rice was
planted on June and cultivated until October. There were three experimental
fields, each with a different fertilizer treatment; yearly application of ricestraw compost and chemical fertilizer, yearly application of chemical
fertilizer, and no fertilizer application. 1) Potential of the bacterial groups in
paddy field under rice cultivation for the soil protease production was
evaluated. 2) The isolates with higher potential for soil protease production
were identified. 3) Properties of soil protease and those from the isolates
were compared. 4) Relation between seasonal variations of soil protease
activities and those of the bacterial numbers were investigated.
Results and Discussion.
1) Gelatin liquefying azocoll degraders (37 isolates), isolated on azocoll
agar plates and selected by gelatin liquefaction test, had higher extracellular
protease activities than gelatin liquefying bacteria (24 isolates), isolated on
nutrient agar plates and selected by gelatin liquefaction test, and gelatin
liquefying actinomycetes (33 isolates ), isolated on albumin agar plates and
selected by gelatin liquefaction test 1 '. The averages extracellular protease
activities, hydrolytic activity toward benzyloxycarbonyl-L-phenylalanyl-Lleucine (zFLase), be nzy loxycar bony 1-L-phenylalanyl-L-tyrosyl-L-leucine
(zFTLase) and casein (caseinase), of the 1st group were 33.7, 41.3, and 27.8
times those of the 2nd group, and 6.7, 6.2, and 14.0 times those of the 3rd
group 2 '. As the numbers of 1st group in paddy field, estimated from count on
the agar plate and selection ratio of gelatin liqueliers, were higher than those
of the 3 rd actinomycetes group, and comparable to 2 nd bacterial group. The
1st group was found to have higher potential for soil protease production 2 '.
2) Most of this group were Bacillus spp. (100% in 1989 and 92 4% in 1991) 3 '
Bacillus subtilis and B.cereus were the main bacteria of this group and
B.mycoides, B.lieheuijormis , and B.megaterium were also present '. Most of
them were isolated on July (after irrigation) 3 '.
3) The major soil zFLase and zFTLase extracted with 0.1 M phosphate buffer
(pH 7.0) on July (after irrigation) were metal chelator sensitive neutral
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proteases, which resembled extracellular proteases from the isolated
B.subtilis, B.cereus, and B.mycoides, but little different from those on June
(before irrigation) 4 '. The major extractable soil caseinase was a serine neutral
protease, which resembled an extracellular protease from the B.subtilisA)
Both the extractable soil protease and the Bacillus protease preferentially
splitted bonds adjacent to hydrophobic amino acid of polypeptide angiotensin
I. So, these proteolytic Bacillus spp. were supposed to be the major source of
extractable soil protease on July (after irrigation) 4 '.
4) Extractable soil protease activities varied widely and were the maximum
on July then gradually decreased (zFLase, 0 to 513 pKat g ' dry soil;
caseinase, 0 to 115 pKat). Total soil protease activities maintained high level
during rice cultivation (zFLase, 191 to 702 pKat g ' dry soil; caseinase, 220
to 758 pKat g ' dry soil) 5 '. Number of proteolytic bacterial groups, counted
on azocoll agar plates or estimated by MPN methods using gelatin
liquefaction test, correlated with the total soil zFLase activity (r = 0.625 to
0.767, P<0.0.5 to 0 . 1 , n=9) 5 '. The number of spores of Bacillus spp., counted
on peptone-polymyxin agar plate (PP) after 80 °C 20 min pre-heating, was
weakly correlated with the total soil caseinase activity (r = 0.459, P<0.1,
n= 15), while number of total Bacillus spp., counted on PP plate, and its
vegetative cells, counted on BTV plate, had no correlation with the total soil
protease nor extractable soil protease activities 5 '.
Conclusions. Aerobic endospore-forming bacteria of the genus Bacillus can
be commonly found in soil and in plant litter, where they are assumed to play
an important role in the biological cycling of carbon and nitrogen. Most
Bacillus spp. liberate protease and some of them are reported to secrete a
large amount of protease, it seemes logical to consider that the genus
Bacillus might be one of the sources of soil protease. However, there has
been no report studying the function of Bacillus spp. in terms of soil
ecosystems. Our results suggest that proteolytic Bacillus spp. might be the
major source of soil proteases in paddy field under rice cultivation. Although
we could not find the selective detection method for these proteolytic
Bacillus spp., by which bacterial number relates with extractable soil
protease activities. The soil caseinase on July might originate from the
intracellular serine protease of Bacillus spp., which is liberated during the
sporulation as pointed out by many researchers on incubation media.
Literature Cited.
1) Hayano, K ., and Watanabe, K. 1990. Characterization of extracellular
protease in paddy field soils. In 14th International Congress of Soil Science,
Kyoto, Japan. Vol.111, pp. 270-271.
2) Watanabe, K., Asakawa, S., and Hayano, K. (in press). Evaluation of
extracellular protease activities of soil bacteria. Soil Biol.Biochem.
3) Watanabe, K., and Hayano, K. 1993. Distribution and identification of
proteolytic Bacillus spp. in paddy field under rice cultivation.
Can.J.Microbiol. 39: 674-680.
4) Watanabe, K., and Hayano, K. 1993. Source of soil protease in paddy
fields. Can.J.Microbiol. 39: No.11.
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Significance of Husk Leaves on Grain Production in Com (Zea
mays L)
Kounosuke Fujita, Okihiro Sawada, Futoshi Furuse, Katsushi
Matsumoto, and Sigeyuki Sendo*. Faculty of Applied Biological Science
Hiroshima University, Kagamiyama 1-4-4, Higashihiroshima, 724 Japan * Hokkaido
Prefectural Tokachi Agricultural Experiment Station, Nemuro, Hokkaido, 082
Japan.
I n t r o d u c t i o n .
It is well known that among various leaves on the
main culm, the leaves adjacent to the ear contribute more to grain production
than other leaves which are positioned remotely. Since husk leaves extend from
husk in some cultivars of maize, they may also contribute to grain production.
However informations regarding the role of husk leaves on grain production was
available to a limited extent(l). Therefore, the significance of husk leaves on
g r a i n p r o d u c t i o n in r e l a t i o n to p h o t o s y n t h e s i s and t r a n s l o c a t i o n of
photosynthates has been studied.
M a t e r i a l s
a n d
M e t h o d s .
Sweet corn cv. Laramie 83
(Experiment A) and flint corn (Experiment B) were grown for 3 years(1991-93) and
one year(1993) respectively in the experimental field of Hiroshima University,
located in Higashihiroshima city, Japan. N, P 2 0 5 each 150kg/ha and 225 kg/ha of
K20 were uniformly applied as basal dressing to the field which consists of
Granite Regosols. One plant per h i l l was planted with a spacing of 40x70 cm.
Experiment A
The following defoliation treatment were imposed at the silking stage(62
DAP): Main leaf removal:all leaves on the main culm were removed; Husk leaf
removal and Complete defoliation.
Data on leaf area, dry weight and apparent photosynthetic rates(Po)
measured by a portable infrared gas analyzer were collected. Translocation rate
of ' 3 C-label led photosynthates in husk leaf or ear leaf was determined 14 days
after defoliation treatment.
The 13C abundance in the sample was determined with a 13C02 analyzer(Model
EX-130S, Japan Spectroscopic Co. Ltd., Tokyo, Japan) after oxidizing a small
amount of the samples(0.1-0. 3ng DM) at 900 °C with oxygen gas flow.
Experiment B
Four f l i n t corn Fi lines differing in husk leaf size were compared to
examine the effect of husk leaf on biomass and grain production. Defoliation
treatments were applied as described in Experiment A and data on leaf area,
plant weight and P0 were collected.
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R e s u l t s
and
D i s c u s s i o n .
The results that complete
defoliation gave less than 10% of grain yield relative to control in all
genotypes examined indicate the contribution of carbohydrate reserved in culm
and stover before silking to grain production to a limited extent. In a sweet
corn cultivar. Laramie 83, husk leaf area ranged from 14 to 21X relative to the
whole plant leaf area, and 40 to 79X of grain yield relative to control was
obtained when only the husk leaves were left during 1991-93(2). This result
indicates that the husk leaf area and its contribution to grain production
varied year to year mainly due to climatic conditions.
Among flint corn F, lines differing in the area of husk leaf, husk leaves
removal had no significant effect on whole plant weight and grain yield.
However, main leaves removal markedly decreased both parameters. When husk
leaves only were left, the greater the husk leaf area, the greater the grain
yield; leaf area and grain yield ranged 5 to 10X and 24 to 59X relative to
control, respectively. In spite of genotypes and cropping years, both net
assimilation rate and grain production per unit leaf area were significantly
higher in husk leaves than main leaves. These results suggest higher efficiency
of husk leaves in their contribution to grain production than main leaves.
No significant difference in Po hetween husk leaf and main leaves was found.
On the other hand, 1 3 C translocation percentage varied from 74 to 97%, and
was higher when 1 3 CO2 was fed from husk leaf than from ear leaf despite the
defoliation treatment. More 13 C distributed to the ear from husk leaf.
These results indicate that higher efficiency of grain production in husk
leaf is mainly due to efficient translocation of photosynthates to the ear. It
may presumably be caused by proximity of husk leaf to the ear.
Collectively, the efficiency of grain production is higher by husk leaf
than that by other leaves and grain production can be enhanced by increasing
leaf area of husk leaf. Since husk leaf area differs between genotypes, it may
be possible to enlarge the husk leaf area genetically in future.
L i t e r a t u r e
Cited
(1) Cantrel 1,R. G.. and J. L. Geadelman, 1981. Contribution of husk leaves to maize
grain yield. Crop Sci. 21,544-546
(2) Fujita K, Furuse F, Sawada 0 and Bandara D. Dry matter production and
inorganic element absorption as influenced by defoliation and pod removal in
sweet corn. Soil Science and Plant NutritionCsubmitted).
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Imperfect Fungi in the Prevention of Ferric Chlorosis
J.Aguilar,J.Fernandez,C.Dorronsoro,T.Rodriguez,A.Martinez y E.Fer
nandez.Department of Pedology and Agricultural Chemistry, Faculty of Science,
University of Granada, Spain.
Introduction.
In the Mediterranean region of Spain, where calcareous soils are abundant, ferric chlorosis is
produced not because of a lack of iron, but because its solubility is very low, especially when the
level of Ca(CÜ3H)2 is high. This fact is supported by past research, such as that of Yaalon (6),
which reported that 10 per cent active lime was the critical level for sensitive crops, and Rostad &
Arnaud (5), who found that secondary carbonates, predominantly accumulated as clay and silt-sized
particles, were the principal cause of chlorosis. Campillo et al. (2) observe that in soils in Southern
Spain, the smaller the particle size, the greater the reactivity of the carbonates, and they found
significant amounts of carbonate in the fine clay fraction.
The current research examines the possibility that certain imperfect fungi isolated from the soil
may also take the calcium out of the soil solution to form fairly large calcium carbonate crystals. As
no collection of imperfect fungi is available (unlike the case of the bacteria), our first objective was to
isolate a series of fungi in the soil and to identify them, in order to then study any crystal formation
which may occur.
Materials and methods
Martin's medium (3) was used as the culture medium for the isolation and maintenance of the
fungi. The soil samples correspond to four different types of soils, which are the most common in the
region of Granada, and whose classifications are: 1. Calcaric Fluvisol 2. Calcaric Regosol 3.Calcic
Vcrtisol 4. Calcaric Cambisol.
Suspensions were prepared with lOg of the surface horizon of the soils, the coarse particles
having previously been sieved out, and 100 ml of de-ionized water. From the initial suspension, a
scries of dilutions were prepared ranging from 1/10 to 1/106. For the inoculation the melted medium
was spread onto sterile Petri dishes and once solidified, 1ml from each dilution was taken and poured
into the dishes, stirred a little and left to incubate at 25°C for 48-72 hours.
Once growth had taken place in the dishes, isolation was effected with platinum hooked
thread and the fungi were re-inoculated in Sovirel tubes with Martin's medium (3) in an inclined
position. It was left to incubate at 25°C for 48-72 hours and in this way we achieved a perfectly
isolated fungus.
For the classification of the fungi, the criteria followed was that of Barnett (1) based on
micromorphology and asexual reproduction. The visualisation under the microscope (Photomicros
cope Carl Zeiss) was realised with a dilution of Lactophenol together with blue cotton as a contrast.
As regards the culture medium used to visualise the CaCOj crystals formed, we used the
BRC medium of Ramos et al. (4) with a base of yeast extract (14g); calcium chloride (1.8g); purified
Agar (16g); and enough distilled water to make up 1,000ml. The final pH, before sterilisation, was
adjusted to 8.0 with NaOH 0.IN. For the observation of the crystal formation and their size, two
examinations per slide were taken after 10 and 40 days respectively.
Results and Discussion
The results of the imperfect fungi found in the four soils studied are shown in Table 1, in
which we can see how Aspergillus and Penicillium appear in each soil type, Fusarium is only
absent in the Vertisols, as is the case with Micelia Sterilia.. This leads us to believe that the vertisols
porosity characteristics have an influence on the type of fungi which appear. Moreover, Rhizopus
only appears in the calcaric Cambisol,Triclwderma, Ceplmlosporium and Sepedonium only in the
calcic Vertisol, andHymenula and Acremonium only in the calcaric Fluvisol.
The twelve different isolated fungi were inoculated in the BRC medium in order to observe
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whether any crystal formation occurred; the results are shown in Table 2. In Table 2 we can see how,
of the twelve isolated imperfect fungi, three of them (Cephalosporium, Humicola and Trichoderma )
did not produce any crystals, whilst four (Penicillium, Sepedonium, Acremonium and Rhizopus )
produced them early on, being apparent ten days after inoculation; the rest had not produced any
crystals after 10 days but after 40 days had done so.
As regards the quantity of crystals generated,Penicillium and Rhizopus are those that
produced the largest amount, almost exhausting the calcium existing in the medium, changing it from
being calcium in solution to the formation of crystals of various sizes and therefore making it
physically and physiologically less active. Other fungi, on the other hand, produced a lesser quantity
of crystals, Aspergillus being the least productive.
As regards the size of the crystals, this varied from an average of 8/<m in diameter in those of
Penicillium to 114/<m in those of Fusarium and Sepedonium, but in every case they were
considerably smaller than those produced by the bacteria. The different crystal formation generated by
the different types of fungi studied here, basically highlights two types: Penicillium for quantity, and
Fusarium for size; this could be interesting given that these are precisely the two types most abundant
in the soil - the formation of CaCQ3 crystals could have a decisive contribution to make, as much in
the treatment of ferric chlorosis as in other biological processes which can occur in the soil.

Table 1
calcaric Fluvisol
Penicillium
Aspergillus
Hymenella
Fusarium
Micella Sterilia
Acremonium

calcaric Regosol
Penicillium
Aspergillus
Fusarium
Verticillum
Micella Sterilia

Type
Penicillium
10 days
+
40 days
+
Weight of
83.2
crystals (mgl

calcic Vertisol
Penicillum
Aspergillus
Trichoderma
Sepedonium
Cephalosporium

calcaric Cambisol
Penicillum
Aspergillus
Fusarium
Micella Sterilia
Humicola
Rizophus

Table 2
Aspergillus Hymenella Fusarium Cephalosporium Verticillium
+
34.6

+
58.6

+
60.4

+
62.7

Type
Sepedonium Micelia Sterilia Humicola Acremonium Triclwderma Rizophus
10 days
+
+
+
40 days
+
+
+
+
Weight of
74.8
60.1
73.5
79.2
crystals (mg)
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Potential of Sesbania emenis and Aeschynomene americana
as Biofertilizers in Mexico
F. Osuna1, J.A. Jimenez1, R. Ferrera-Cerrato2, R. Quintero-Lizaola2, and J. Santizo2.
^NIFAP 2Colegio de Postgraduados. 56230 Chapingo, Mex., México.
Introduction. In Morelos State, central part of Mexico, high yielding rice varieties are grown
under irrigated conditions by transplanting method. Recommended rate of nitrogen (N) is
180 kg/ha, in order to meet the demand of the plant to produce more than 10 ton of
grain/ha. Chemical fertilizers like urea and ammonium sulfate are the most common
sources of N. We evaluated the factibility of using Sesbania emerus and Aeschynomene
americana as N sources for rice, two species usually found in rice fields in Morelos (1),
because the need to reduce the dependence on chemical N-fertilizers, and to increase soil
productivity in the long term (2).
Materials and Methods. A field experiment was conducted during the summer of 1991 in
the Experimental Farm of Zacatepec, Morelos, Mexico, to evaluate the growth, N-fixing
capacity, and N accumulation of the two legumes, on a Pellic Vertisol, pH 7.8, 0.14% totalN, and 22 ppm P. In addition to this experiment, mineralization rate of 5. emerus, A.
americana, and urea was evaluated in a greenhouse study. In the field experiment, seeding
was done at a distance of 10 cm between points in 4x4 m plots, replicated four times.
Biomass production and N accumulation in leaves, stems and roots were quantified six times
in weekly intervals, from 28 days after seeding (DAS) up to 64 DAS; N-fixing activity was
evaluated by the acetilen reduction method 58 days after seeding. In the greenhouse study,
100 g of soil collected in the field experiment site, were incubated for 90 days after the
addition of 65 ppm N from the two legumes and urea. A control with no N was used.
Results and Discussion. On an individual plant basis, S. emerus had a faster biomass
accumulation than A americana (Fig. 1), but in terms of biomass per unit area no significant
differences were found. This result was a consequence of the higher seeding rate of A.
americana, which has very small seeds and at the time of seeding 5-6 seeds per point were
sown, compared to 2 seeds per point sown with 5. emerus. Contribution of leaves to total
biomass was different between species: leaves of S. emerus contributed with less biomass
than the stems whereas in A. americana leaves had a higher contribution than stems to total
biomass (Fig. 1). Total dry matter production at 64 DAS was 5.6 ton/ha in 5. emerus and
5.2 ton/ha in A. americana. Regarding plant height, S. emerus had a faster growth than A.
americana which was an advantage in terms of competition with weeds.
In relation to N accumulation, a similar difference as to that for biomass accumulation was
found between the two species: S. emerus had much more N/plant than A. americana (Fig.
2), but simmilar amounts when computed in an area basis. Leaves contributed with a higher
proportion to the total amount of N accumulated, reaching 63% in S. emerus and 68% in
A. americana. Around 2 1 % of the N was accumulated in the stems of both species, and the
remaining N accumulated in the roots. Total amount of N accumulated was 133 kg/ha in
S. emerus and 140 kg/ha in A. americana.
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Fig. 1. Dry matter production/plant legume by the biofertili»rs. Fig. 2. Nitrogen accumulation/plant legume by the biofertilizers.

Acetilen reduction activity in individual plant basis was statistically higher in S. emerus than
in A. Americana, 20.6 vs 4.9 /jmol C2H4h_1, but in an area basis no significant differences
were found (955 vs 1,189 /xmol C2H4 h"1 m"2, in S. emerus and A. americana, respectively).
In the greenhouse study, N mineralization during the period of observation followed the
same trend among the organic and inorganic N-sources, and the control. After 90 days of
incubation, N-mineralization of 5. emerus was 3.5 ppm N, 10.3 ppm in A. americana, and
58.3 ppm N in urea. The low mineralization rate of the biofertilizers is not in concordance
with the low values of the C/N ratio observed, which were 21.6 in S. emerus and 19.0 in A.
americana.
In conclusion, both species showed an adequate potential to be used as biofertilizers in rice
in Morelos, but because its higher initial growth in terms of plant height, which gives more
capacity to the plant to compete with weeds, 5. emerus is a better prospect than A.
americana.
Literature cited.
(1) IRRI. 1988. Sustainable agriculture: green manure in rice farming. Los Banos,
Philippines.
(2) Osuna, C.F.J. 1985. Informe de Investigación del Programa de Arroz. Campo Exp.
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The aquatic Fern Azolla in Mexico
R. Quintero Lizaola and R. Ferrera-Cerrato. Department of Soil Science,
Colegio de Postgraduados, 56230 Montecillo-Chapingo, Edo. de Mexico, Mexico.
Introduction. Azolla is an aquatic fern which associate symbiotically with Anabaena azollae,
a nitrogen fixing endophilic cyanobacterium (1). The vizo/Za-Anabaena association is able
to fix aproximately 600 kg N ha"1 year"1. Because of its high N content as a result of N2
fixation. Azolla can be used as green manure (2). Azolla grows in natural bodies of water
in tropical and temperate regions. Its growth is not greatly inhibited by low availability of
nitrogen, but it has a relatively high demand of phosphorus. A shortage of this element
decreases its yield. The objetives were: 1) To study the effects of four rates of phosphorus
fertilization (0, 40, 80 and 160 kg P2Os ha"1) on the growth and development on four Azolla
species collected in Mexico. 2) To determine the effects of Azolla applied at three rates
(0, 8 and 16 ton. ha"1, fresh weight) and at four different times (0,10, 20 and 30 days before
transplanting) on a rice (Oryza sativa L. cv. Morelos A-70) crop.
Materials and Methods. Four Azolla species (Azolla filiculoides, A. microphylla, Azolla sp.
and A. caroliniana) were collected at laguna de Tecocomulco (Hidalgo), Mazateupa
(Tabasco), Texmelucan (Puebla) and M.F. Altamirano (Veracruz) in Mexico. In the first
experiment the four Azolla species were grown in plastic pans (950 cm2) which had a 3 cm
depth of soil (Typic durandept). Phosporus at a rate of (0, 40, 80 and 160 kg P 2 O s ha"1) was
applied on the top of the soil before filling the container with water to a depth of 5 cm.
Azolla was harvested when the whole surface of water was completely covered (17 days).
Yield of fresh and dry matter, N concentration, and nitrogenase activity (C2H2 reduction)
were evaluated. In addition, the average growth rate for each species was calculated and
nitrogenase activity was measured at various time intervals. In a second experiment the
effect of the four Azolla species (0,8 and 16 ton ha"1 fresh weight) on rice grown under
greenhouse conditions (3 kg of soil) was evaluated. The Azolla incorporated at a depth of
5 cm, 0, 10, 20 and 30 days before transplanting. Fifty three days after transplanting, the
rice plants were harvested and dry matter production, nitrogen concentration, nitrogen
uptake, soil N-N0 3 - and N-NH4+ were evaluated.
Results and Discussion. Azolla biomass and nitrogen concentration increased as the
phosphorus applied to the growth medium was increased from O to 160 kg P 2 O s ha"1.
However, potential maximum values of these parameters were not attained with the highest
rate of applied phosporus. Azolla filiculoides and Azolla sp. produced the highest (2.17 g
pan"1) and lowest (2.06g pan"1) average dry matter yields, respectively. Average nitrogen
concentrations were 2.62, 3.38, 3.69 and 4.03% in the treatments with 0, 40, 80 and 160 kg
P 2 0 5 ha"1, The differences among Azolla species were statistically significant (P < 0.05).
Nitrogen fixed by A. filiculoides, Azolla sp., A. caroliniana and A. microphylla was 87, 83, 72
and 61 mg pot"1 (17 days)"1 in the treatments receiving 160 kg P 2 O s ha"1. Nitrogenase
activity was lower than 8 M mole C2H2 reduced (g biomass)"1 ha"1 in all four Azolla species
treated with 0 and 160 kg P 2 0 5 ha"1 but Azolla filiculoides and Azolla sp. receiving 40 kg
P 2 O s ha"1 had activities higher than 12 /u mole (Table 1). In general, rice dry - matter yields
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were higher as the rate of applied Azolla increased. Yields were highest with Azolla
incorporated at planting time, and decreased with the delayed incorporation treatments
Reductions in dry matter yield were probably due to competition for nitrogen between the
rice and soil microorganisms.
Table 1. Evaluated parameters of four Azolla species with four levels of phosphorus fertilization.

Treatment

P 2 O s p P 2m

Dry biomass*
g pot"1

0
40
80
160

0.73
1.62
1.75
2.17

0
40
80
160

0.47
1.12
1.50
1.65

0
40
80
160

0.46
1.52
1.85
2.06

0
40
80
160

0.61
1.39
1.76
1.66

N content"

%

Azolla filiculoides
cd z
2.54 fg
ab
3.59 abed
ab
3.86 ab
a
4.02 ab
Azolla microphylla
d
2.91 defg
bed
3.62 abed
b
3.65 abed
ab
3.70 abed
Azolla sp.
d
2.67 efg
b
3.29 bedef
ab
3.79 abc
a
4.04 ab
Azolla caroliniana
d
2.34 g
be
3.01 cdef
ab
3.44 bede
ab
4.36 a

Nitrogenase activity*1
H moles C2H4 g^h"1

8.5
9.0
5.6
6.3

ab
a
ab
ab

6.4
8.9
8.4
7.8

ab
a
ab
ab

7.0
4.7
5.2
4.6

ab
b
ab
b

4.7
6.6
7.2
4.9

b
ab
ab
b

* Production at 17 days, y Average values from observations carried out at 1, 3, 6, 9, 12, 15
days, z Same values in the same column are not diffent significantly (Tukey « = 0.05).
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Composted aquatic vegetation as a source of nutrients
for intensive crop production.
C. Alvarez and C. Olguin. Colegio de Postgraduados - CRECJDATH;
Apartado Postal 421, Veracruz, Ver., MEXICO.
Introduction. Important areas of mexican humid tropical low lands in the states of
Veracruz, Tabasco and Campeche, have large water bodies covered to some extent with
aquatic vegetation of several species. This type of vegetation is normally viewed only as a
source of problems to navigation, water flow, water reservoirs management and others.
Since biomass productivity of these ecosystems is known to be one of highest in the vegetal
world they also could be viewed as an important source of nutrients capable to induce life
in other type of vegetal organisms of economic importance like ornamentals or spices. For
the past ten years we have been pursuing such goal in a Research Extention and Training
Center (CREC1DATH), of Colegio de Postgraduados, located in Central Veracruz,
Mexico. This paper describes the followed methodology and main advances acomplished to
date.
Materials and Methods. First research stages consisted of measuring the biomass
production rate as well as tissue nutrient content of several common aquatic plants of
tropical swamps, such as water hiacynth (Eichornia crassipes), water lettuce (Pistia
siratiotes) and mouse ear (Salvinki auriculata) (1). Floating wood frames were used to
confine several aquatic plants and make measurements possible. Laboratory chemical
analysis were practised to know tissue content of nitrogen, phosphorus and potassium.
Several experiments on anaerobic degradation of Pistia siratiotes mixed with cow manure
(proportion 3:1 weight) were carried out on a 6 m^ concrete anaerobic digester to produce
degradation of materials. Samples were taken every week for an 8-week period to monitor
degradation process. N, P, K., Ca, Mg and organic matter were analyzed in each sampling
After several experiments, management of aquatic vegetation and manure was learned as
well as physical-chemical changes in the process. The digestor effluent was used as a
source of nutrients for a plant production system that we have named "Organic
Hidroponics" (1) Such system utilizes beds of different sizes filled with river sand 0.1 mm
average diameter of particles mixed with digester effluent. Several physical and chemical
tests were performed to asses main characteristics of the resulting substrate. Artificial
water table level was kept constant at about 0.25 m below the substrate surface to mantain
almost constant moisture tension at 10 to 12 centibars. Two types of beds were designed
and tested, one capable of floating in a water body (swamps where no soil is available to
grow tropical crops) and another one to be operated on land. Water supply is automatic
using a simple device (a tloater and valve) that regulates the water income to the bed
according to plant transpiration, which in turn follows the evapotranspirative force of
atmosphere (I). Digester effluent was also used to fertilize experimental Lemna sp.
cultures. Optimal fertilizer dose and inoculation density were investigated . Experimental
algae culture were also fertilized with digested aquatic plants Growth ofChlorella sp was
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compared when using digested plants as a source of nutrients and when using a commercial
nutrient solution (1).
Results and Discussion. A', crassipes was the species with highest productivity, followed
by P. stratioles and Salvinia. Salvinia showed largest population growth. After several
trials organic hydroponics was perfected and plants of chrysanthemum (Chrysanthemum
indicum L), strawberry (Iragaria sp.) and vanilla (Vanilla fragans) were successfully
raised. Combination of right levels of nutrients, water and air gave growth rates of vanilla
stems as high as 0.65 m per month. Chrysanthemum of prime quality were harvested in
both organic hydroponics versions that is: floating and terrestrial versions. A simple
economic analysis showed that the cost of a single bed can be paid at the second harvest of
flowers. After that, they can be used for several more growing cycles. A demostration bed
was operated with vanilla for 8 months at a Farmer Associaton facilities in the state of
Oaxaca Average stem elongation result of 6.7 times higher when using our technique as
compared to normal growth observed in commercial fields. Experiments with Lemna
aequinoctialis reported optimal dry matter production of 10.75 g m"2 d a y ' when digested
plants (plus manure) represented the source of nutrients, with (ppm) total N2:1340;
PO4998; K:992; Ca:401l; Mg:2314 For Spirodela polyrrhiza optimal dry matter
production of 4.52 g m"2 day' was reached when digested plants (plus manure) produced
(ppm) total N2:1876; PC>4:1397; K:1389; Ca:5616 and Mg:4011. Ca:Mg ratio was 1.7 in
both cases. Experiments with Chorella sp showed that cultures fertilized with digested
aquatic plants (plus manure) produced 15.8 X 10^ eel ml"'. Control (commercial solution)
produced 17.7 X 106 eel ml"'. No significant difference was found between these two
figures. With partial financial support from Rockefeller Foundation, different experiments
are now in progress to test very common terrestrial weeds like Riccinus communis as a
source of nutrients . Finally, the technique briefly described here needs to be developed in
many aspects. However, authors believe that it represents a way to use productive natural
resources just as they are with relatively low energy inputs.
Literature Cited.
(I) Olguin, C. y Alvarez, C. 1992 Aprovechamiento de recursos naturales de las zonas
bajas tropicales: uso de la vegetación acuatica para producir abonos organicos. Quinta
Reunion Cientifica del Sector Agropecuario y Forestal del Estado de Veracruz, México.
Memoria.
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Ethnobotanic, Edaphic, Phytochemic and Microbiologie Study of
Beschorneria yuccoides C. Koch
J. Paredes*, M . Villegas, I. Fonseca, M . Medina, R. Silva, T. Villegas,
L. Rico, J.L.Herrera, E. Martinez, J. Alba, L. Castillo, P. Leyva, and

A. Contreras. Departments of Inorganic Chemistry, Botany, Pharmacy,
Biophysics and Microbiology. National School of Biological Sciences. IPN, Carpio
y Plan de Ayala sin, Colonia Sto. Tomds, Delegación Miguel Hidalgo. C.P. 11340
México, D.F.
Introduction. There are many known medicine plants in México and they
are widely used in the rural and urban communities, one of them is
the Beschorneria
yuccoides
Koch and it is use to keep clean the scalp
and to cure some skin diseases in animals and also in humans
(Villegas y Medina, 1988) . The studies about this plant were
interdisciplinaries which are the way to know its morphology,
nomenclature, edaphic requirements and antifungal activity.
Methods.
For
the
ethnobotanic,
edaphic,
phytochemic
and
microbiological study it was necessary to applied the ethnobotanic
methodology (Villegas et a. 1991) in order to explore the zone where
this plant grows and is used. Some plant gathering were done and then
an extraction of shoots and leaves was conducted using the
percolation method (Dominguez, 1979; Navarrete, 1986), the extracts
were analyzed by chromatography in column and thin layer, with the
aim to obtain the secondary metabolites. For the edaphic study the
collected soils were crushed and sieved and then some physical and
chemical properties were determined (Paredes et a., 1988).
The fungal activity was tested by applying methanoic and aqueous
extract obtained from the shoots and leaves (Dominguez, 1979;
Navarrete, 1986) in fungal cultures of Trichophyton
mentagrophytes,
Trichophyton
rubrum and Microsporum
gypscum, using the methodology of
diffusion in agar (Bonifaz, 1990; Drouhet, 19987) with the antifungal
griseofulvin as control.
The cell cultures in suspension of B. yuccoides
gave origin to two
types of callous tissue, with the suspension the quantitative and
chromatographic in thin layer determinations were conducted, in order
to detect sapogenines.
Results and Discussion.The Beschorneria
genus was created by Kunth in
1860, and México is the place of occurrence, it belongs to the
Agavaceae
family and to the Agavaideae
subfamily (Garcia, 1987). The
Bescherneria
yuccoides
specie was described by Koch in 1960 and it
has two subspecies: B. yuccoides
C. Koch and B. dekosteriana
C. Koch
(Garcia, 1987) and grows in Hidalgo, Puebla and Veracruz. The common
names are "amol, ammole, patzmait". The plant can be found alone or
in colonies, it can reach 8 m, it has pale bluish green leaves with
a rosette shape and a length of 30 to 100 cm, the inflorescence is a
1 to 2 m purple panicle with bracts. The flowers are 5 cm long ^nd
with a purple green colour. It flourish in the first months of the
year, it is very easily to prophage by steam or seeds. The parts used
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are shoots, leaves, flowers and flower stalk. The leaves have the
properties of natural soap. The inflorescence is used as food for
humans and animals. It is described as ornamental, food and medicine
plant.
The phytochemic study and tissue culture show the presence of
saponines.
From the edaphic study it was conclude that: the plant prefers soils
rich in organic matter, acid pH, high moisture content, rich in
Calcium and a loamy to sandy loam texture. The soils preferred by the
plant are the podzols and chernozem, and it can be cultivated without
any special practice, and it is found in natural stage in the north
part of Puebla, in Hidalgo and Veracruz.
In the microbiologic study, with a methanoic extract from the leaves
at one concentration of 500 mg/1, it was poured 1 ml in the petri
dish, and a zone of inhibition was created with a diameter of 27.6
mm. The use of this plant as
natural soap was proved with the
presence of saponines, however its use as antifungal can be only
local and the extract should not be drink.
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Topsoil properties and plant communities:
correlations in closed-canopy rain forest
A. Linna 1 . K. Ruokolainen 2 and H. Tuomisto 2 ^Department of Geology,
University of Turku, 20500 Turku, Finland. ^Department of Biology, University of
Turku, 20500 Turku, Finland
Introduction. Amazonian rain forests are confronting an increasing pressure from
different human activities like colonisation, timber extraction and large scale
plantations. If these activities are to be managed rationally and sustainably, methods
that enable rapid evaluation of the ecological properties of different areas are urgently
needed. Such methods will also be valuable when the national biodiversity assessments
required by the Biodiversity Convention are made.
Adequate soil sampling and laboratory analyses from such a large area as Amazonia
would be both laborious and very expensive. We have studied the possibility to use the
species composition of the natural vegetation as an indicator of soil characteristics.
Because of the huge biodiversity of the tropical forests, the total flora can only be
inventoried in very small areas. Therefore we have selected two plant groups as
indicators: the family Melastomataceae, which consists mainly of shrubs, and ferns.
The practical advantages of these groups include: 1) they are easy to distinguish from
other plant groups in the fprest, 2) the number of species is limited, making field work
rapid, 3) there are still enough species to be found in a wide array of different
ecological conditions, and 4) they are moderately small species and hence easy to
observe and collect. The purpose of this study is to investigate if these plants also fulfill
the most important functional criterium: that changes in their species composition
coincides with changes in soil characteristics.
Material and Methods. Field work was done in geomorphologically different sites in
unflooded closed-canopy forests in the surroundings of the city of Iquitos, Peru. In
eight sites, between two and eight soil cores were made, and samples were taken in
three different depth classes: top (5-30 cm), medium (30-60 cm), and deep (50-100
cm). The species of terrestrial ferns and Melastomataceae were recorded at the same
localities in two larger plots or four smaller plots covering, respectively, an area of
0.125 or 0.16 hectares per site.
The soil samples were analyzed, and site averages for each depth class were calculated
separately for pH (in 1 M KC1), percentage of organic matter (estimation by 420 C
L.O.I.), extractable Ca, Mg, K and Na (1 M NH4-Ac in pH 7), extractable Al (1 M
KC1), and the sum of phosphorus fractions from two extractants (NH4F in pH 8.2
followed by NaOH). Each of the eight variables was standardized (average=0 and
variance=l), and the values for each site were used to calculate the euclidean distances
between all possible pairs of sites to yield three similarity matrices, one for each soil
depth class. Two floristical similarity matrices were computed, one based on the
Melastomataceae and one based on ferns. In both cases, the Jaccard coefficient was
used, which indicates how large a proportion of the species that are found in either site
are found in both.
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The similarity matrices were used for principal coordinates ordination to visualize the
differences among sites according to the five criteria. The correlations between
matrices were calculated with Mantel's test of matrix correspondence (2). The test
criterion (r) is the sum of cross-products of the corresponding cells in the two matrices
to be compared. By standardization of the test criterion (4) its value was adjusted to
stay between +1 and -1 to equal to Pearson's product moment coefficient of correlation.
The statistical significance of the correlation was estimated by permutating 1000 times
the values in one of the matrices and calculating the r after each permutation. The Pvalue is the probability of getting permutated values for r as extreme as the original
one.
Results and Discussion. The principal coordinates ordination based on the topsoil
brings rather close to each other the sites in the lowermost fluvial terraces along the
rivers Nanay and Momon. However, this group is quite far apart from the single site in
a terrace of the Amazon river, although all of them have been reported to have
inceptisols in the Iquitos formation (3). The differences among soils in terraces of
separate rivers probably arise from past differences in sediment provenance and
composition, these being observable in the rivers at present (1). Sites in higher terraces
and dissected areas have soils ranging from ultisols and alfisols to entisols (3), and
consequently they are widely scattered in the ordination diagram.
The same relationships among the sites are also visible, though with minor deviations,
in the ordinations based on both floristical data sets. Furthermore, both plant groups
have strong correlations with soil characteristics, especially those of the topmost
samples. The correlation coefficient between Melastomataceae and topsoil was 0.750
(P<0.01), and between ferns and topsoil 0.749 (P<0.01). The correlations between
floristic data and the medium and deep soil samples were not quite as strong
[Melastomataceae: medium, r=0.695 (P<0.05); deep, r=0.685 (P<0.05), and ferns:
medium, r=0.522 (P=0.13); deep, r=0.527 (P=0.11)]. Both Melastomataceae and ferns
seem to react more clearly to the conditions in the topmost soil horizon than to the
deeper layers, which is understandable since these plants are rather small, and their
roots are not likely to penetrate very deep into the soil.
We conclude that both plant groups are potentially very useful as indicators of soil
quality differences, and that they can be used to estimate to what extent results from
soil samples can be spatially extrapolated. It is probable that the accuracy of such an
indication system will increase considerably when more knowledge of the edaphic
requirements of the plant species accumulates.
Literature Cited
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nutrients in fluvial sediments from the Peruvian Amazon. Catena 20(3): 333-349.
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AN UNCONVENTIONAL FERTILIZER: LEAF-CUTTING
ANT REFUSE
Javier Fortanelli. Department of Soil Science, Instituto de Investigacion de Zonas
Deserticas, Universidad Autonoma de San Luis PotosL Altair 200, Fracc. Del Llano,
783 77 San Luis Potosi, S. L. P., Mexico.
Introduction. Leaf-cutting ant (Hymenoptera: Formicidae) is a typical plague of crops in American
Continent. Nevertheless, in a locality of Mexico (Santa Maria del Rio, San Luis Potosi State), peasants
have modified that image, ancient plague is now allied of them. The farmers use ant refuse as organic
fertilizer for vegetable production. Genesis of refuse is described next. The main activities of leaf-cutting
ants are leaf-foraging and fungus-growing Workers forage young and soft leaves, cutting and carrying
them to the nest. There, ants transform leaves in a wet and flesh mass divided in pieces of 1-2 mm in
diameter. Saliva and anal liquid, this last rich in nitrogened compounds, are the substances employed for
wetting leaves. On this substrate, ants insert a mycelia of a basidiomycete (genus Leucocoprinus or
Lepiota) which hiphae produce on the tips a ellipsoidal or esferical swellings named gonglydias; these
are ant's food (1). When such substrate is exhausted, and fungus died, workers remove it from fungus
garden to a refuse dump sited into or out of the nest. Ant corpses are carried there too. Thus, most of
materials of such system flows to refuse dump. This could explain its nutrimental richness. Most of leafcutting ant species of Mexico belong to the genus Atta. One of them, A mexicana Smith, is the specie
more abundant. It is distributed in a widely range of habitats, from tropical rain forest to semiarid zones
below 2000 m altitude. In the desert, colonies of A. mexicana are frequently located on margins or
nearest arroyos (2).Both, productivity and nutrimental value of refuse ant, have been studied by Haines
(3,4). On refuse dumps of A. colombica in semi-evergreen seasonal forest Panamian he found a weekly
detritus productivity of 2.062 kg of dry matter by colony. Likewise, he analyzed 13 nutrients and
estimated that flow of individual elements was increased 16 to 98 times, and also energy flow was
increased 11.6 times, when he compared one squared meter of a refuse dump against one square meter
of forest leaf Utter fall. Also, Haines found values of NPK of 3.06%, 0.26% and 1.45%, respectively, in
refuse samples of 10 colonies.Concerning to use of this fertilizer, Fortanelli (5) has observed it
application on squash (Cucurbita pepo L.) and tomato (Lycopersicum esculentum Mill.) in Santa Maria
del Rio dell. Peasants informed that ant refuse is a warm manure with a nutrimental value only lowest to
goat dung.This paper presents results of a first research in Santa Maria del Rio. The objective was to
know the distribution and abundance of ant refuse dumps, the nutrimental value of ant refuse, and the
fertilization technique when this manure is employed.
Area of study. The area of study was Fraccion de Sanchez, a community of Santa Maria del Rio dell. It
is located in south of Chihuahuan Desert at 21°48' North Latitude, 100°42' West Longitude, and 1700
meters above sea level . Dell is flanked by hills and mountains riolithics some of which reach 2000
meters. Santa Maria River, an intermitent stream, run along dell . In both margins there are irrigated
crop lands divided in small plots ( Mean: 0.25 ha/owner), with diversified crops as corn, beans,
vegetables, fruit trees, and medicinal plants. Out of this oasis the environment is very dry (389 mm anual
rainfall, and I8.8°C anual mean temperature), and on stony soil only growth shrubs, cactus, and semiarid
grasses.
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Method. A surface about 400 ha was explored. I was helped by a detritus gatherer and a shepherdess in
the search of refuse dumps . That area was visited periodically between august and november of 1991. A
sample of fresh material was taken in each refuse dump. Samples of sheep and goat manure, and bovine
manure was also collected in different corrals. All samples were dryed to the air, cleaned, sifted and
grinded. Subsequently, total quantity of N,P,K,Ca and Mg was determined. Total nitrogen was
determined by Micro-Kjheldal Method. Analysis of the others nutrients required a previous acid
digestion with H 2 S0 4 and H 2 0 2 . Methods used for each element were Blue Molybdem for Phosphorus,
Flamometry for Potassium, and EDTA titration for Calcium and Magnesium. Adittionally, values of pH
(1:10) and Organic Carbon (Walkley-Black Method) were determined in each sample. Data about
detritus gathering and apUcation as manure was obtained from interviews with gatherers and peasants of
the studied area and nearest towns.
Results. 39 refuse dumps of A. mexicana were inventoried. Most of them was scattered along two belts
oriented from NW to SE. If they are considered 60 meters as ant's forage radius, that is, the maximum
lenght of tunnels digged by A. mexicana in Sonoran Desert recorded by Mintzer (2), could be estimated
that about two thirds of the refuse dumps would regard to colonies which foraging areas were
contiguous to streams or crop fields. Density of colonies was 0.1/ha, lower respect to density of
colonies of A. colombica in Panamian rain forest (0.75/ha) (4). Its nutrimental value expressed in
percentage is indicated next : N (2.15 mean; 0.32 standard deviation), P (0.21, 0.06), K (2.12, 0.54), Ca
(1.42, 0.28), Mg (0.25, 0.17) and Organic Carbon (29.8, 5.51). pH value was 5.8 (0.46 st.
dev.). Comparatively with other organic manures, ant refuse is conspicuous in contain of N,K and Ca,
and pH value . A comparison between ant refuse samples and conventional manures samples indicate
same trends. Ant refuse is ubicated above bovine manure but below caprine manure. However, refuse
only is significantly higher (<x=0.05) to both respect to Nitrogen contains. The last, apparently is well
known by peasants, who use fresh ant refuse mainly for fertilization of squash crops. Technique are
described next. Squash is sowed in holes named "cajetes". These have the appearance of little craters of
25 centimeters in diameter and 3 cm of depth, spaced 0.8-1.0 meters. Previously to sow, cajetes are
digged to 15-20 cm of depth. Each hole receive about 300 g of refuse, and this is mixed with soil. Next,
the hole is irrigated with a bucket. Subsequently, in this wet and fertilized soil, three seeds are sowed .
Finally, seeds are cover with a thin layer of dry soil. A similar technique of fertilization of squash, but
using conventional manure, in Italian horticulture is described by Fersini (6). This suggest further
questions respect to the real source of local empirical knowledge about organic fertilization.
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(3) Haines,B. 1975. Impact of leaf-cutting ants on vegetation development at Barro Colorado Island.In:
F.B.Golley and E.Medina(Eds.). Tropical ecologycal systems. Springer-Verlag. New York, pp.99111.
(4) Haines,B.L. 1978. Element and energy flows through colonies of the leaf-cutting ant Atta colombica
in Panama. Biotropica. 10:270-277.
(5) Fortanelli,J. 1981. Sistemas de production de cosechas de riego en canadas y planicies de inundation
aledanas a San Luis Potosi SLP. Tesis Profesional. Univ. Aut. de San Luis PotosL México. 289p.
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Modelling Leaf Area and Yield of Wheat
U.K.BenM, üepuiïtM>iin\[ Soils, Punjab Agricultural University, Ludliiana, India
Introduction. Crop growth simulation models are increasingly being used to study dynamics of water
apg^pjtrogen in the soil-plant system. The growth models, being very detailed, have large data
requirements and are difficult to use. So, less detailed leaf area simulation models that are physiologically sound and require smaller data input would be useful.
Materials and Methods. Field experiments with wheat were conducted on two soils (alluvial loamy
sand, Typic Ustipsamments) at Punjab Agricultural University Farm, Ludhiana (30° 56'N and 72° 52E),
In Soil 1, the experiment which was carried out f0r three years (1987-88 to 1989-90), included three
irrigation levels (irrigation water/ Epan ratios of 0.4, 0.8 and 1.2) and an optimum N level. In soil 2,
the experiment was conducted for two years (1988-89 and 1989-90) and included two levels of irrigation
(I0 and 1,2 in 1988-89; I 04 andl 0g in 1989-90) and two N levels (0 and 120 kg ha 1 ). Cumulative potential
evapotranspiration (PET) was calculated from cumulative pan evaporation (1). Daily growing degree
days were computed from air temperature and were summed to give growing degree days (GDD).
Results and Discussion.

The maximum leaf area index (LAI

) was related to the amount of NO,max

N present in theCfeSörcrintseil profile at seeding plus fertilizer N added (N. kg ha*1) J
LAI =-5.03+ 1.80 In N
(R2=0.94)
v

max

'

3

(1)
v

'

For optimally irrigated and fertilized wheat, a given fraction of growing degree days (RDD=GDD/1000)
produced almost a constant fraction of L A I ^ (RGF).
RGF=0.00768exp(9.035RDD-4.186(RDD)2)
(R2=0.97)
(2)
Leaf area development expressed as relative LAI (iLAI/LAI^), was related to cumulative PET (mm):
Relative LAI =1/(1+1240 exp(-0.0701 PET))
TR2-0.81)
(3)
For adequately irrigated wheat leaf area senescence was dependent on cumulative PET (mm):
Relative LAI =0.0598+ 0.00786 PET-0.0Q001627 PET2
(R2=0.93)
(4)
However, under constrained irrigation, the relative^LAI during senescence was dependent on both
cumulative PET (mm) and cumulative scaled water supply (SWS) which is a product of cumulative
water supply at a given time during the crop seasoned RGF at that time .
Relative LAI =0.438+ 0.00392 PET-0.00000975 PET2 + 0.00081 SWS (R2= 0.88)
(5)
Wheat grain yield (Y, t ha ') was dependent on LAI ax and cumulative water supply (W, mm) subsequent
to attainment of LAImax till physiological maturity
Y=0.758 LAfX + 0.00426 LAI x W
(R2=0.99)
(6)
max

max

'

Model validation. The model was tested on independent data (2, 3). Sandhu et al (3) had reported
dryland wheat grain yields as a function of seasonal water supply for different mulching treatments at
different rates of N application. The data for 1985-86 were used for validating the model (Fig. la). Gajri
et al (2) had reported wheat yields on two soils - loamy sand and sandy loam as a function of four levels
of irrigation: no irrigation (I0); one irrigation (Ij); two irrigations (I2); and four irrigations (I3) and four
N rates (0, 40, 80 and 120 kg ha 1 ). An irrigation of 100 mm at 128 days after seeding was ignored as
the crop might have attained physiolgical maturity by that time. Measured (2) and predicted L A I ^ for
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adequately irrigated wheat (I,) were closely matched (r=0.94) (Table 1).
Table 1. Measured (2) and predicted L A I ^ of adequately irrigated (I3) wheat.
Loamy sand
Measured
2.71
4 47
4.71
4.86

N rate
(kg ha1)
0
40
80
120

Sandy loam
Measured
1.49
3.42
4.75
5.10

Predicted
2.28
3.02
3.40
4.04

Predicted
1.82
2.97
3.86
4.20

The predicted L A I ^ values were used in Eqn. 6 to compute wheat grain yields. The measured
(2,3) and predicted yields were closely matched (r=0.95, Fig. la). Equation (6) was further tested on
other irrigation treatments by using the measured LAImaj (2). A 1:1 correpondence between the
measured and predicted yields was obtained (Fig. lb).
The close mutch of measured and predicted LAIimx and wheat grain yields on independent data
suggests that the simplified approach presented here may be used to predict growth and yield of wheat
under different moisture and fertility regimes. For adequately irrigated wheat, N availability at seeding
and cumulative PET determines LAIimx and pattern of leaf area development. Wheat grain yield is
determined by LAI and water supply since LAI to maturity.
•*

r

max

r

J

1

2

I

J

max

Predicted yield (t/ha)

Predicted yield (t/ha)

4

6

0

1

2

3

Measured yield (t/ha)
Measured yield (t/ha)
Fig. 1. Measured (2, 3) and model predicted wheat f rain yields for -(a) adequate (I3) and (b) con
strained irrigation (I 0 ,1, and I2) treatments.
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Soil Fauna and Their Role in Some Ecological Processes of Red
Soil Ecosystems, Subtropical China
Feng Hu and Shanmei Wu. Department of Natural Resources and Environmental
Science, Nanjing Agricultural University, 210014 Nan jing , P. R. China.
Introduction. Because of the limitation of low plant nutrient and organic m a t t e r , poor soil
structure, overpopulation and adverse economic conditions in the tropics, great challenges are
facing us with the sustainable development of agriculture in this region. Obviously, soil fauna,
as an important component of soil ecosystem, should be paid more attention for sustaining red
soil productivity(l). In this paper the authors describes recent researches on soil animal population and the effects of soil fauna on organic matter decomposition and nutrient cycling of red
soil ecosystems in subtropical China.
Site Description and Study Methods.
Background of Servey Sites. The study area was located in Linchuan County, Jiangxi Province.
The average annual tempreture was 17. 8'C, and average annual precipitation was 1,700mm.
Most of the sizes were reclaimed within four decades from deforested wasteland.
Soil Faunal Population Determination. E a r t h w o r m s , enchytraieds, microarthropods,
macroathropods, and nematodes were extracted by hand sorting, Baermann funnel, Tullgren
funnel, framed—quadrats and decantation+cotton—wool tray methods , respectively.
Field Observation on Earthworm Casting. Earthworm casts were collected on a farmland with
combination of cropping and animal husbandry at two-months intervals for one year.
Laboratory Experiments on Decomposition and N Cycling with and without Earthworms.
Three kinds of organic matter and three earthworm species were arranged into a series of treatments. The amount of organic matter and earthworm of each pöt were 50. 00g(dry weight) and
1. 5g (fresh weight) respectively. After a long-term ( 5 . 5months) incubation at room tempreture,the dry matter losses were determined. The effects of liming (CaO 1. 5 g p o t - 1 or CaCOs
2. 7 g p o t - 1 ) on decomposition were also tested.
In the designed ryegrass-red-soil micro-ecosystems ,Pheretima carnosa(2 individuals p o t - 1 )
were introduced with the application of 15 N-labelled rice residues or ( " N H ^ S O * . Each pot
contained 1 kg soil and the pots were put in greenhouse for eight weeks ,then the p l a n t , residue
reminants, bulk soil, earthworms and worm casts were seperated and oven-dried for 15 N
analysis.
Results and Discussion.
Soil Faunal Population and the Relation to Land Use. T w o years'field investigation illustrated
great differences of soil faunal population under various red soil utilization. Earthworm density
and biomass at 9 sites in dry and wet season ranged from 0 — 1 1 6 m - 2 , 0 —39. 3 2 g f w m - 2 ; 0 —
226m - 2 and 0—50. 90gfwm - 2 , respectively (Table 1).
Rational utilization or management of red soil may improve the evolution of soil fauna and
the whole system, even though it is complexed with the interactions of natural environment
and man — made factors ( 2 ) . For example, on the integrated farmland, earthworm biomass
were more than 20 times higher compared with conventional farmland (Table 1).
Soil management also influenced the configuration of soil communities or trophic structure of
fauna population (Table 2 ) . The structural shift of trophic groups and even the detritus food
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soil ecosystems(Q—10cm).
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web may be critical to soil ecological processes ( 3 ) .
Effects of Soil Fauna Activities on Decomposition and Nutrient Cycling
Organic Matter Decomposition. The results showed that the native species ,PAeretima carnosa
and Drawida gisti, markedly increased the breakdown of corn and ryegrass residues, and pig
manure, while commercial specie ,Eisenia foetid a , had no contribution to decomposition. Liming had no significant effects on corn residue decomposition involved by Pheretima carnosa, but
inhibited this process involved by Drawida gisti.
Nutrient Cycling. 15 N tracer experiment revealed that N cycling in ryegrass-soil ecosystem
were not significantly affected with Pheretima carnosa inoculation when high level of inorganic
N inputted. But with supply of organic N .earthworm activities enhenced the flows and cycling
of N as well as N efficiency by ryegrass (Table 3 ) .
Conclusion. Ecological studies revealed subtropical soil fauna variation with land use and their
role in organic matter breakdown and nutrient cycling. Further researches should be carried
out on the structure and function of soil communities in natural and agroecosystems at different
space and time scales, and the comprehensive and operational approaches through manipulation
of soil ecological processes involved by fauna and other components must be achieved for the
establishment of low-input i n t e g r a t e d sustainable agricultural systems.
Literature Cited.
(1) L e e , K . E . 1990. The soil biota: A key factor in the maintenance of sustainable production
in tropical soil ecosystems. Proceedings of 14th international congress of soil science. V o l , 7 ,
306-311.
(2) Lal.R. 1987. Tropical Ecology and Physical Edaphology. John Wieley&Sons. 265—284.
( 3 ) Coleman , D . C. et al 1986. The role of microfloral and faunal interactions in affecting soil
processes. In : Microfloral and Faunal Interactions in Natural and Agroecosystems. Mitchell , M .
J. and Nakas ,J. P. (eds. ). Martinus Nijhoff/Dr W. Junk Publishers. 317—348.
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Mites Inhabiting Soil of the Estorax Basin, Qro.
I. Sanchez, and I. Bassols. Lab. of Acarology, Department of Zoology,
Escuela Nacional de Ciencias Biologicas, I.P.N. México, D.F., 11340. México
In the mean portion of Queretaro state is located the Estorax
basin which has in the western part an arid zone called "Arid zone of
Queretaro" ( 1 ) , the basin
is located in a depression of the cannons
of Toliman and Estorax rivers it comprises an extension of 1200 km ,
its climate is dry and hot owing by the rain shadow of the mountains
of SIERRA MADRE ORIENTAL and the SIERRA GORDA DE QUERETARO, its soils
are rendzinas and the vegetation is represented by matorral desertico
rosetofilo, microfilo y crasicaule (Sensu Rzedowsky, 1966).
There are few studies on this zone; the most importants of them
are on herpetofauna (2) , on arthropods (3 4) and on microarthropods
(5) . The present investigation constitutes a part of the study which
was initiated in October 1992.
The object of the study is to consider some ecological aspects
of the acarological fauna inhabiting soil in the principal desert
vegetations.
Previously in this laboratory we have studied soil mites of a
semiarid area, (Valley of Tehuacan, Puebla).(6).
Samples of soil were made with a metallic cylinder of 500 ml. volume,
in five localities of the different bushes located on Vizarron-Jalpan
and Vizarron-Toliman broads. In each place five samples were collected
near the dominant desertie vegetation, four times during a year
(October 1992; January, May and August, 1993).
Extraction of the specimens was made with the Berlese-Tullgren
funnels and the identification of the specimens to genus or especies
level.
To the moment,it have been identificated 41 genera belonging to
3 6 families of them, the Prostigmata are the most diverse with 21
families and 25 genera (Table 1 ) .
Family Tydeidae was the best represented
in frecuency and
abundance.
The results obtained in the distinct kinds of shrubs willbe
compared applying some statiscal tests.
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T A B L E
1
Mites recorded in the soil (0-10 cm) under the desert shrub.
M E S 0 S T I 6 M
Digamasellidae
Rhodacaridae
Ascidae
Laelapidae
P R 0 S T I 6 M A

Bimichaelidae
Nanorchestidae
Eupodidae
Rhagidiidae
Penthalodidae
Paratydeidae
Tydeidae

Bdellidae
Cunaxidae
Pygmephoridae
Microdispidae
Tarsochelydae
Cheyletidae
Stigmaeidae
Caligonellidae
Tetranychidae
Tenuipalpidae
Linotetranidae
Caeculidae
Teneriffiidae
Smaridiidae
A S T I 6 M A T A
Acaridae
C R Y P T O S T I
Aphelacaridae
Haplochthoniidae
Cosmochthoniidae
Gymnodamaeidae
Cymbaeremaeidae
Damaeidap
Lohmanniiaae
Suctobelbidae
Oppiidae
Oribatulidae

ATA
Diqamasellus
Rhodacarus
Arctoseius
Pseudoparasitus
T A
Bimichaelia
Nanorchestes
Speleorchestes
Eupodes
Rhagidia
Stereotydeus
Tanytydeus
Coccotydaeolus
Tvdeus
Tvdaeolus
Tvdides
Spinibdella
Scutopalus
Siteroptes
Brennandania
Hoplocheylu
Cheletophanes
Stiqmaeus
Molothroqnathus
Eurvtetranvchus
Pseudoleptus?
Linotetranus
Caeculus?
Parateneriffia
Thyrophagus
6 M A T A
Aphelacarus
Haplochthonius
Cosmochthonius
Plesiodamaeus
Scapheremeus
Epidamaeus
Torpacarus
Suctobelbila?
Insculptoppia?
Zyqoribatula
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Contribution de la Faune du Sol Dans la Genese de la Stone-Line
Dans la Region de Botucatu: Implications Diogeodynamiques
A.A. de W. Miklós. Département de Science du Sol, ESALQIUSP, CP. 09,
13418-900, Piracicada, SP, Brésil.

Introduction. Une couverture ferrallitique, sur gres e basalte, situêe
sur Ie
revers des Cuestas Basaltlques a été étudié en détail dans la region de Botucatu
(23°S, 48°W), Etat de Sao Paulo, Brésil. Dans Ie site d'étude, la "stone-line"
correspond a un alignement de gaIets, de diverses natures, présent a 1'intérieur
et
des
de cette couverture. Ce travail montre la contribution des fourmis
termites dans la génèse de la "stone-line" ainsi que 1'implication biogeodynamique du phénomène.
Matériaux et Methodes. La couverture pédologique de Botucatu a été étudié seIon
la demarche adoptee par 1'analyse structurale (1). On passé de 1'amont 3 1'aval
a des sols sablo-argileux 3 argilo-sableux, de teinte 5YR, microagrégées
Ferralsol - a des sols argileux a tres argileux, de teinte 2.5YR, microagrégées
en profondeur et polyédrique en sub-surface - Nitosol "intergrade" Ferralsol.Les
galets de la "stone line" (2 a 8 m de profundeur) sont composées de: (a) nodules
lithorélictuels d'altérite de basalte; (b) nodules noirs compacts tres
riches
en manganese; (c) géodes de quartz hialins; (d) nodules a matrice noir
riche
en manganese et squelette de quartz fin; (e) fragments de cuirasse 3 facies
brechique (la matrice est constituee d'oxyhydroxydes de fer et de manganese et
Ie squelette de sables quartzeux fins et grossiers et des galets de quartz et de
quartzite) et (f) de quartzites a différentes granulations. Cê dernier composant
atteste 1'alloctonie de la "stone-line" para rapport a la roche sous-jacente (ba
salte).
Résultats et Discussions. La différenciation pédologique letérale se développe
alors sur une litotoposéquence grès-basalte. Plusieurs auteurs ont montré
que
les matériaux sous-jacents a la "stone-line" seraient également de nature alloch
tone ce qui expliquerait son arigine. Dans Ie cas de la converture pédologique
de Botucatu cette argumentation n'est pas pausible car: la "stone-line" recoupe
latéralement la différenciation pédologique laterale lithodépendente (5). Cela
veut dire que Ie degree de filiation basaltique des matériaux sus-jacents a
la
stone-line, exprimés dans les caractères comme la couleur, la texture, les minéraux opaques (ilménite, magnetite), les taux du fer total et les lithoreliques ,
augmente de 1'amont vers 1'aval. Ce qui rend impossible 1'hypothese de 1'origine
de la stone-line par un recouvrement de matériaux venant de 1'amont (pole sabreux-Grès Bauru). Cela nous oblige a envisager une outre hypothese
pour
la
génèse de cette stone-line a Botucatu. L'origine de la stone-1 iris de Botucatu
peut être envisagée de la fagon suivant: L'alteration et la pédoplasmation
effacent complément la transition verticale Gres Bauru - Basalte, ce qui a été
déja observée ailleurs dans 1'Etat de Sao Paulo. Cette transition est
marquée
par la presence des conclomérats a la base du gres (3). Les termites et
les
fourmis Atta prélèvent les matériaux ( 3mm) profonds et les remontent en surface
Ce prélèvement constitue un tri des matériaux. Les galets ( lcm), reliques du
conglomerat basal, ne pouvant pas être transportes par ces animaux, ils s'accumu
lent en profondeur et composent la stone-line. L'origine biologique
de la
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stone-line a été évoquée séja a plusieurs reprises dans différents lieux (2,4,6,
12). La remonte verticale des matériaux profonds, realise por certain integrants de la faune du sol, fourmis et termites principalement,constitue un mécanisme
capable d'expliquer, dans Ie cas de la stone-line de Botucatu, son origine, tout
en respectant 1'autochtonie croissante, de 1'amont vers 1'aval, des
matériaux
sus-jacents a la stone-line.
Conclusions. On peut dire que la remontée biologique des matériaux du sol effecaux
tuée par la faune du sol résulte dans un flux de matière en sens inverses
pertes superficiels par érosion (géochimique et mecanique). Ceci se traduit par
un cycle continu de transfert de matière a poles apposes. Ce cycle compose une
consequences
partir du fonctionnement biodynamique global de ce paysage. Les
agronomiques - renouvellement des sols - en sont tres importantes.
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Destruction Rates of Artificial Earthworm Burrows
Tom N. Ligthart. Department of Soil Science & Geology, Agricultural
University Wageningen, P.O. Box 37, NL6700 AA Wageningen, The
Netherlands.
Introduction.
In 1991 four earthworm burrow systems in a 7.25 years chronosequence were mapped 3-dimensionally (Ligthart and
Peek, 1994). The chronosequence, formed by the inoculated earthworms, is situated in a pasture in an initially
earthworm free polder in the Netherlands. The distribution of numerical density of open burrows, N v , shows a
specific depth function. From the surface downward the density rapidly increases up to a certain depth, increasing
with age from 5 to 13 cm, after which N v decreases more gradually.
Most earthworm burrow systems are dynamic systems reflecting the equilibrium between the creation and
destruction of burrows. The form of the distribution of N v with depth could be explained as the combination of a
destruction curve and a creation curve both with their maximum at the surface.
Factors that will influence the destruction rate of earthworm burrows at this site are:
1. earthworm activity. (A high level of earthworm activity will lead to more casting into burrows.),
2. trampling by cattle and trafficking. (Livestock and traffic exert mainly vertical forces at the soil surface which
can close open burrows.),
,
3. depth of burrow and burrow declination. (With increasing depth the stresses, due to 2., acting upon the burrows
become smaller resulting in a slower rate of compression. The declination of a burrow determines the effect of the
mainly vertical forces acting upon the burrow (Blackwell et al., 1990).),
4. soil water content,
5. soil structure. (The actual soil strength, a result of 4. and 5., governs the intensity of the compression.),
6. season. (Forces due to wetting-drying or freezing-thawing cycles can destruct burrows.).
To test the hypothesis that the destruction curve is governed by the level of earthworm activity, the depth of the
burrow, the burrow declination and livestock trampling a field experiment with artificial earthworm burrows was
carried out. One experiment was executed in the winter and one experiment was started in the spring.

Materials and Methods.
The method to determine whether a burrow is closed, is based upon the comparison of the dry mass of soil cores
which are taken around the burrow before and after treatment.
By using a frame mounted on concrete pillars in the soil, sampling can be done at exact the same location as at
which the burrows were created. The burrows a drilled by a 6 mm spiral wood drill up to 35 cm deep. Sampling is
done at 0-5, 5-10, 10-15 and 25-30 cm depth.
At three moments, including t=0, the burrows are sampled with three replicas. The difference in earthworm activity
has two levels, earthworms present and absent. During the winter experiment cattle was not present on the
experimental sites, while in the spring experiment the pasture was in normal use. Additionally an experiment with an
increased trampling by livestock and increased soil water content was carried out.

Results and Discussion.
In the winter experiment there was in general no indication of destruction of burrows. Also visually it was clear that
almost no closing up of burrows occurred except for the upper 5 cm of the soil.
Preliminary results of the spring experiment suggest that almost no changes have occurred during the first two
months at both the non-earthworm and earthworm site. Because of an early drought earthworms had a very low
level of activity and no casting inside the artificial burrows occurred.
The first impression of the results of the increased trampling experiment is that about two-thirds of the burrows have
been closed at the surface. No difference can be seen at first hand between the non-earthworm and the earthworm
site.
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Alterations in Soil Arthropod Faunal Abundance and
Changes in Mass-Loss and Nutrient Concentrations of RiceStraw during Decomposition in a Semi-Arid Tropical Alfisol
M. Vikram Reddy, A.L. Cogle, P. Balashouri, V.P. Kiran Kumar, D.F. Yule
and K.K. Lee. RMP, ICRISAT, Patancheru 502 324, A J1., India,
Introduction. Soil arthropods play a significant role in the breakdown and decomposition
of crop-residue, and may control the rate of mineralization in arable systems (1, 2). The
indiscriminate use of insecticides in these ecosystems alters the structure and function of the
soil arthropod populations, and thus, changes the natural rate of decomposition and
mineralisation. The present investigation reports how the alteration in soil arthropod
population densities induced by an insecticide, aldrin affected the decomposition rate and
nutrient concentrations in the rice-straw during decomposition under Zero-tillage (= notillage) in a semi-arid tropical Alfisol.
Materials and Methods. The present investigation was conducted during 10th July 1992 to
12th June 1993, on a shallow-to-medium depth Alfisol (Patancheru; Udic Rhodustalf) under
Zero-tillage with rice-straw mulching (5 tons ha') within a long term soil management trial
at International Crop Research Institute for the Semi-Arid Tropics, near Hyderabad
(India). Litter-bag method (1) was used and 60 nylon mesh bags (7 mm mesh size), each of
10x10 cm size were prepared each being filled with 10 g of air-dried rice-straw (over-dry
wt: 9.4 g). Thirty bags were drenched with 1% solution of aldrin, and the remaining were
drenched with distilled water (these bags hereafter, are referred to as untreated bags). All
the bags were placed randomly on the soil surface in three replicated plots of zero-tillage
(plot size 28x5m) and covered with a thin layer of straw. Five insecticide-treated and
untreated bags were recovered from the 3 plot after 30, 60, 90, 150, 210 and 330 days.
Other details of collection and processing of the bags for microarthropod extraction and
decomposition (measured in terms of mass recovered and mass-loss) are given in Reddy
et al. (1). Concentrations of N and P were measured by Technicon Auto Analyser II and
that of K, Mg and Ca were estimated by Tri-acid digestion method using Atomic
Absorption Spectrophotometer.
Results and Discussion. Arthropod population densities in insecticide-treated bags compared
to that of untreated bags were in negligible number (Fig. la). There was a distinct seasonal
effect on the population densities of arthropods of untreated bags. Their numbers were
high during wet season and gradually decreased as the dry conditions prevailed. Similarly,
the straw-mass loss from the bags significantly differed between the insecticide treated and
untreated bags (Fig. lb). It was lower in insecticide treated bags (range: 14 to 89%) than
that of the untreated bags (range: 35 to 99%) over 330 days. The mass-loss increased as
the decomposition progressed over time. Termites, Odontotermes obesus (Rambur) and
Microtermes obesi Holmgren were observed in all the untreated bags since their placement
in the field. These bags accounted for higher arthropod activity and higher rate of massloss. At 330 day, very little straw mass was recovered from these bags (Fig. lb), which was
most probably due to the effect of arthropods particularly the termites.
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Fig. 1. Mean arthropod density (a) and percentage of straw mass recovered (b) per bag over
the season (numbers in parentheses indicate days).
The average % concentrations of N and Mg were higher and that of P, K and Ca
were lower in the straw in insecticide treated bags. The % concentration of N gradually
increased upto 210 days of decomposition in the insecticide-treated bags whereas it was
irregular in the untreated bags; however, in both the cases, its concentration decreased at
330 day of decomposition. The concentrations of P, K, Mg and Ca also decreased in the
straw over time. These changes may indicate a pulse of mineralization. The reduction in
concentrations of these elements may be related to the reduced densities of arthropod
populations over time (2). This study clearly showed that the alterations in arthropod
population densities affected the straw-mass loss from the bags, and these densities showed
significant response to season. It indicated the important role of arthropod populations in
breakdown and comminution of rice straw during decomposition.
The above aspects of rice straw decomposition were also measured simultaneously
in deep tillage and zero-tillage with perennial Stylosanthes hamata cover since 1988, and
similar trends in results were obtained.
This research was supported by the Rockefeller Foundation in the form of an
Environmental Research Fellowship in International Agriculture to Dr. M. Vikram Reddy.
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Some Factors Influencing Strain Competition for
Nodulation Site in Grain Legumes
R.P. Parek and R. Chandra. Department of Soil Science G.B. Pant University
of Agriculture and Technology, Pantnagar - 263 14s, U.P. India

Competition for nodulation site on legume roots between inocula-ted and indigenous rhizobia
strains is a pressing agronomic concern for inoculation failure (Bromfeld and Jones, 1980),
Besides, genetics of both the symbionts environmental factors also influence the competitive
ability of inoculant strains.
The study was conducted both in green house as well as in field.
Streptomycin resistence at
dftferent concentrations for various experiment was used as marker. Percentage nodule occupancy
by the marked strain (Chandra and Pareek, 1985 and 1992) was recorded at different days after
sowing (DAS) in each experiment.
Competition with three chickpea (Cicer arietinum L.) Bradyrhizobium strains and four soil
temperatures viz. Soil ambient, 16+1, 22+1 and 29+PC was studied in pots. Soil was silty clay
loams of pH 7.1. In another study effect of two soil types namely silty clay (Pantnagar
soil) having pH 7.1, EC 0.21 ds/m,total N 0.08% and organic C 0.9% and loam (Bhowali soil) having
pH 5.7, EC 0.34 ds/m, total NO. 18% and organic C 1.52% on competition by chickpea Bradyrhisobium
strains was examined. Inoculation rate and soil moisture effects on competition were studied in
field as well as in pots. Three chickpea inoculum rates (normal rate and 10 and 1O0 times of it)
and three strains were included while with pigeonpea (Cajanus cajan) two inoculum rates (normal
rate and 10 times of it) and S| and S2 strains were kept. Chickpea was grown in silty clay
loam soil while pigeonpea in pots in sandy loam soil. Two soil moisture levels - no irrigation and
one irrigation at 15 DAS were imposed for chickpea in field in silty clay loam soil with
12.6% (W/W) residual moisture. TAL 620 and G3 strains were used. Pigeonpea was grown at three
moisture levels - 20, 40 and 60% of water holding capacity (WHC) in pots in sandy loam soil. Sj
and S2 sctains were used.
To investigate the influence of host genotypes two cultivars of each chickpea and pigeonpea were
inoculated with five and four strains, respectively, of specific rhizobia. Effect of more than one
strain in an equal proportion was also studied on competition in pot experiments.
Results of above different astudies revealed that soil temperature significantly influenced
percentage nodule occupancy. Strain TAL 620 showed significantly more occupancy than G3. Silty
clay soil of Pantnagar favoured inoculated chickpea Bradyrhizobium strains in competition
study. At 50 DAS TAL 620 interacted significantly better with Pantnagar soil than G3 and gave 7.5%
more nodule occupancy. Ten and 100 times more of normal rate(10 cell/seed) of inoculum in
chickpea gave 28 and 27% more percentage nodule occupancy at 45 DAS, respectiively. The highest
occupancy was shown by TAL 620. Similarly in pigeonpea ten fold more of normal rate of inoculum
registered 112% more occupancy at 60 DAS. The percentage nodule occupancy of inoculated strains
was more in early growth phase and deminished as the crop grew older.
Soil moisture plays important role in competition. One irrigation at 15 DAS of chickpea in silty
clay loam soil having residual moisture 12.6% increased percentage nodule occupancy by 50, 72
and 95% over no irrigation treatment at 50, 80 and 90 DAS respectively. Nodule occupancy
in chickpea ranged between about 17 to 40%. TAL 620 was better competitor than G3. In potted
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pigeonpea crop three soil moisture levels - 20, 40 and 60% WHC influenced the competitive
ability of Bradyrhizobium significantly. Moisture 40% gave 6 fold more percentage
occupancy than the other treatments. More number of strains in inoculum also influenced
the competitive ability against native rhizobia. MMDP-3 and MMDP-15 strains of mungbean
(Vigna radiata) Bradyrhizobium individually showed 24 and 43% nodule occupancy but when
mixed together it reduced to 8% at 40 DAS. Contrary TAL 620 and G3 strain of chickpea
Bradyrhizobium in a mixture did not differ much from their individual occupancies.
References
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nodules and competitive ability of Rhizobium trifolii on red and white clover grown in
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of chickpea (Cicer arietinum L.) rhizobium., Trop. Agric. (Trinidad) 62 : 90-94.
(3) Chandra, R. and Pareek, R. P. 1991. Comperative performance and competitivennes of chickpea
(Cicer arietum L.) Rhizobium strains in acidic and netural soils., Indian J. Pulses Res. 4: 189194.
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Soil formation under Mulhembergia macroura linked
with the fauna
Isabelle Barois1, Patricia Rojas1 and Didier Dubroeucq2 1.- Departamento de
Biologia de Suelos, Instituto de Ecologia, Ap.Postal 63, Xalapa, Veracruz
91000 México. 2.- ORSTOM, 72 route d'Aulnay, 93143 France.
Introduction.- One of the most important processes in the soil is the organic matter
decomposition, where two subprocesses take place, the mineralization (nutrient recycling )
and the humification (humus formation). In the high region of the Cofre de Perote mountain
the vegetation is dominated by pine trees and Mulhembergia macroura grasses. This plant
has a characteristic decomposition where the death leaves and roots are accumulated under
the same plant in different stages of humification making a mat. Thus the nutrients are
recycled by the plant, developing a microecosystem similar to the described by Monasterio
and Sarmiento (1991).
The kind of soil play an important role in this system. It is an andosol characterized by
allophanes which has a very high porosity and capacity to retain water (Dubroeucq et al
1992). The whole profile is very rich in organic matter the carbon and nitrogen content vary
between 10 to 20 and 0.5 to 1.3 respectively. The humified carbon links to the alophans
forming a sort of colloidal suspension.
This microecosystem is also the result of biological activity. Many studies have shown the
importance of organisms like earthworms, termites, ants, beetles and microartropods (mites
and springtails). These animals activate the action of the microflora (bacteria, actinomycetes
and fungi) which finalize the process of decomposition.
The aim of this work is to show how the soil fauna (mesofauna, between 2 and 0.2 mm and
macrofauna, >2mm) contribute to the decomposition of Muhlembergia macroura necromass
and the soil formation, in particular its structure.
Materials and Methods.- A sampling of soil was made in the Cofre de Perote at 3500m
above sea level. This sampling was performed vertically along a cross section of an individual
of Muhlembergia macroura and the soil below. A set of 5 samples was accomplished, from
the plant necromass (+5 cm) to 60 cm depth, plus a sample taken outside the Muhlembergia
macroura influence from the stratum 0-10cm, called the control. These set of samples were
for the physico-chemical analysis and observations. Soil Thin Sections (STS) were done to
examine the soil micromorphology and recognize structures produced by animals (casts,
galleries and nests). Scanning Electron Microscopy (SEM) on aggregates no larger than
2mm, coupled with a micro-probe analysis was done. Besides C and N content were
measured by a CHN Carlo Erba Analyzer in order to notice the evolution of the soil
structure and its organic matter (OM).
Simultaneously a parallel set of 4 samples was executed for the fauna inventories, in the
following strata 0-10, 10-20, 20-30 and 30-40 cm; the method used was wet sieving and
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revision under a stereomicroscope. All the individuals will be identified in taxonomie groups,
at order or family level. After they will be counted and weighted and kept in alcohol (70%);
thus to have the density and biomass of each meso- and macrofaunal group.
Results and Discussion.- The preliminary results show that as well as with STS and SEM
observations, the soil at the upper horizons is more organic. There is a presence of a high
proportion of visible plant debris and a dark matrix formed of a suspension of OM and
allophanes; thus constituting packages of small units (0.2 to 0.1 mm) compare to the two
deepest samples (40 and 60 cm deep). These latter were richer in minerals (alumino-silicates
micro-probe analysis) and glasses (pumice stone) and the matrix was not so dark. The small
units of the upper layers must be the result of mites casting, often these units were observed
isolately on the surface or borders of plant debris. In the STS of the whole profile there
were tracks of larger animals like casts or galleries and nests that had been filled by the
animals living there or by others. In all the samples, by the SEM we noticed the presence
of cylinders of 20 to 100/ym of long, formed of aluminum and silicon. Thus are phitolythes
coming probably from the Mulhembergia macroura.
The CHN analysis showed that this soil was very organic; however this OM was stratified
having a highest C content in the upper levels. The total N contents followed the same
dynamic than the C. The C/N ratio was high (16.3 to 15.3) demonstrating that the
humification was more important than the mineralization. The smallest C/N ratios were at
the depth of 10 and 20cm, probably were a better mineralization take place which is
important because it was exactly where the living roots are.
The control was similar in its general observation to the three first samples under
Mithlembergia macroura, although the plant debris were different. Its carbon content was
similar to the third sample under the muhlembergia; exhibiting that probably the 2 layers
above the plant are a soil newly formed, product of the decomposited necromass.
The observations obtained up to now show that this soil formation is mainly the result of the
biological activity. The fauna inventories are in process, their results will give determinant
elements to the interpretations of the whole work and the confirmation of the important role
of the animals in the decomposition and soil formation processes.
Literature Cited
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Interactions between soil, biological activities and organic matter
enrichments in Champagne soils.
D. Cluzeau1, Z.T. Guo2, R. Chaussod3, N. Fedoroff2, M. Normand4, A. Perraud5
and G. Valentin5. 1. Université de Rennes I, URA CNRS 696; Lab. Ecol. du Sol &
Biol, des Popul; Station Biologique de Paimpont, F.. 35380 -PLELAN GRAND. 2. IN A
PG, Département des sols; F. 78850 - THIVERVAL-GRIGNON. 3 INRA, Station de
recherche de Microbiologie des Sols; 7 bd Sully, F.21034 DIJON Cédex. 4.
CEMAGREF, Division Hydrologie; BP 121 - F. 92164 - ANTONY Cedex. 5. Comité
Interprofessionel du Vin de Champagne (CPVC), Département des services techniques;
BP 135- F.51204 - EPERNAY Cedex France
The preservation of biological activity in soil promotes a favorable structural and organic
mater status. In agrosystems with 12 strong anthropic constraints, i,e., need to control production
qualitatively and quantitatively, it is necessary to understand the influence of these constraints on the
interaction between soil and biological systems. A multidisciplinary study, which included descriptive
and analytical pedology, micromorphology, soil mechanics, compaction microbiological and
earthworm activities and characteristics of vines and grapes, led to improved understanding of the
organic status of vineyard soils.
About ten years ago, the soils were covered with various kinds of organic matter including
tree bark, crushed household refuse, paper sludge and animal manure.
The soil organic status was modified in the same way, with a significant degradation of micro
and macrobiological activities and soil structure in the absence of organic matter enrichments.
A supply of organic matter induces processes which restore soil structure and biology. The
degree of benefit is a function of organic matter's quality and trophic availability.
For deep manuring and to prevent erosion, compost was spread on vineyards in the
Champagne region of France.
Maintenance of biologically active, "living soil" ou a medium and long-term basis promotes
the distribution of organic matter throughout the different soil horizons and its mixing with inorganic
components. The soil's organic status is thus improved, together with its structural stability and water
retention capacity.
Vineyard management has undergone radical changes, particulary with regard to land
preparation, planting, fertilizer and biocide use and soil maintenance. These changes have a variety
of impacts on the evolution of the "soil biota" system.
What is the relationship between changes in the soil biota system and:
(1) vine plant longevity
(2) currently serious problems of erosion?
(3) vineyard perenniality.
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A multicenter, multidisciplinary program has been undertaken in the Champagne vineyard
to provide a functional analysis of the following.
(1) Relationships between soil structural and biological condition and vine plant longevity
(characterization of good vegetation status).
(2) Relationships between soil structural and biological condition, current cultivation
practices and sustainable soil system.
In terms of pedological characteristics, the three study plots receiving compost showed a clear
improvement in structural condition.
This improvement was reflected by relative compaction of the I-Ap horizon, formation of a
thin layer of ("battance") and the existence of a compacted II-Ap horizon in untreated plot. While
there were no marked differences between the other plot conditions in terms of the pedological
analysis, the micromorphological and biological (microflora and earthworm) analyses yielded
significant differences.
Structural stability and intensity of biological activity increased in the presence of compost
according to the following gradient: Urban compost - Tree bark - Paper pulp.
Soil biological activity and development of soil structure appear to be complementary:
. Data on the functional structure of lumbricid populations is rapidly accessible and provides
information on dead organic matter potential for incorporation and microbial degradation into the soil.
. Data on microbial biomass provides a rapid indication of soil organic status and soil mineral
availability, hence nutritional potential.
. The macro/micromorphological approach yields a graphic overview of past and present structural
condition and soil-fauna interactions.
Application of these complementary approaches, together with knowledge of the effects of
different cultivation practices, can provide an accurate picture of future soil condition (perennniality).
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Soil organic matter and bioelement dynamics in broadleaf
forest ecosystems of the "Sierra de Gata" mountains (Spain)
A. Martin*, J.F. Gallardo** and I. Santa Regina**.
Universidad de Salamanca, 37080, Salamanca, Spain.
**1.R.N.AJC.S.I.C, Apdo. 257, 37071, Salamanca, Spain.
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Introduction. Bioelement release depenas on me decomposition of tne organic matter and is
proponional to the loss of weight. The factors affecting this release of bioelements vary
considerably and they are in some cases poorly defined. In this sense, the following can be cited:
the chemical composition of the starting material (1), the soil-climate characteristics (2) and the
organisms present in the soil (3).
The aim of the present work was to determine the rate and dynamics of the decay of leaves in
situ in forest ecosystems, measuring both weight loss and the mineralization and release of
nutrients.
Materials and Methods. Four experimental plots were selected in oak forests (Quercus
pyrenaica Willd.) located in the "Sierra de Gata" Mountains (Province of Salamanca, Spain).
The zone is characterized by rainy winters and hot summers with a rainfall gradient (1580
mm-year' at Navasfn'as, 1245 mnvyear'l at El Payo, 827 mm-year' at Villasrubias, and 720
mm-year"' at Fuenteguinaldo) and a thermal gradient (11.4°C at Navasfn'as and 13.3CC at
Fuenteguinaldo) among the four plots.
The soils are humic Cambisols developed over slates and grauwacks at Navasfn'as and
Villasrubias, and over alkaline granites at El Payo and Fuenteguinaldo.
T
h e litter decay dynamics in the soil were studied by placing 54 litter bags measuring 4 dmsurface area and 1 mm porosity on each of the four plots. This porosity is sufficiently small to
prevent the losses of small fragments of leaves, but sufficiently large to allow aerobic microbial
activity and the entry of small animals from the soil.
The bags were distributed in three groups containing 10 g of recently fallen leaves from their
own tree canopy, previously dried at room temperature.
The experiment was begun in February 1990. removing three bags from each plot approximately
every two months. In the laboratory, the samples were cleaned, dried at 80°C and the variations in
dry weight were calculated. In all samples total nitrogen, calcium, magnesium, phosphorus, sodium
and potassium were determined.
Results and Discussion. There are periods of continuous mineralization (September/'90February/'91, November/'91-February/'92), together with others in which this ceases. This halt in
decay occurs in dry periods, mineralization continuing when there is a high degree of humidity,
despite the lower temperatures. In this case, an increase in temperature of a few degrees in the wet
period has significant effects (2) and hence the highest decay constants are obtained in
Fuenteguinaldo (table 1). Accordingly, in these forest ecosystems the limiting factor is not the
winter temperature but rather the humidity (necessary for biological activity) and the rainfall
(necessary for the leaching of solutes, micelles and microparticles).
A relative increase in the nitrogen concentration of approximately 45% was observed on all the
plots. The increases may be due to microbial fixation of atmospheric nitrogen, when conditions are
suitable, such as: abundant source of carbon for energy in the leaves, suitable humidity and
lemperature. The increases may also be due to the contribution of nitrogen from the throughfall
water. Thus, during the two years of decay studied only about 20% of the initial nitrogen was lost,
except at Fuenteguinaldo, where 32% was lost (table 1). (4) have reported that the relationship
between weight loss and the nitrogen concentration in the residual matter is linear and inverse when
there is little physical removal of the matter from the bags, the nitrogen concentration is limiting in
the leaf litter, and there is a continuous external source of nitrogen available. In the present work.
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the relationships between the percentage of weight remaining in the leaves and the nitrogen
concentration were linear and statistically significant for all the plots studied.

Forest site
Navasfrias
El Payo
Villasrubias
Fuenteguinaldo

D.M.
50
56
58
47

N
75
83
79
68

Ca
52
57
64
67

Mg
62
85
72
108

P
59
48
64
46

K
65
44
54
51

Na
55
59
36
54

Table 1. Percentage of remaining dry matter (D.M.) and bioelements in decomposing oak leaves
at the end of the two years, study period.
The calcium concentration was also found to increase relatively throughout the decay period
studied; since it is a scanty element in acid soils, calcium is subject to strong biological
immobilization. This increase was seen to be more important on the plot at Fuenteguinaldo, whose
soils have higher contents of exchangeable calcium. It would appear that the winter washing affects
the leaching of this bioelement, such that the greatest losses occur towards the end of the summer,
this being prolonged until February. This causes the greatest losses in the two ecosystems with the
highest rainfalls; i.e. Navasfrias and El Payo (48% and 4 3 % , respectively).
Magnesium follows a highly irregular trend, although it is seen that after the summer of 1991 (a
dry period) an increase, both relative and absolute, in magnesium contents occurred on all the plots.
This can be attributed to a washing of the tree canopy that would have enriched the samples. The
lowest losses were recorded on the plots developed over granite (Fuenteguinaldo and El Payo) and
the greatest ones on those developed over slates; it is possible that in these forests there might exist
a nutritional imbalance between the pair Ca/Mg.
The losses in phosphorus are more important (almost half the initial phosphorus) on the plots
developed over granites (better endowed with phosphorus), whereas they are more reduced on the
schists (table 1). The scarceness of this bioelement on the latter plot must be the factor that governs
the retention by microbial activity.
The evolution of K during the decay period studied is subject to strong fluctuations; these can be
explined because the increases that the decaying leaves must undergo due to the washing of the
forest canopy and to a certain degree of heterotrophic immobilization, which would be responsible
for its retention.
Although sodium is considered to be a readily leachable element, no large losses are observed,
obtaining values around 50% of the initial value at the end of the two year study period, although in
Villasrubias this reached 64% (table 1). The trends in the behaviour of this bioelement are hindered
by its relatively high content in the rain water and its low concentration in the oak leaves.
Conclusions. The data obtained show that litter humidity governs its decay since this ceases
during the summer. The relative percentages of N and Ca increased during decay and a significant
linear relationship between the residual dry matter and residual nitrogen was found. The amount of
Mg and P increased relatively towards the end of the experimental period. The data show that the
bedrock and throughfall water play an important role in these processes. The relatively high
concentration of K and Na in the throughfall water explains the apparent irregularity of the pathway
observed.
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Characterization of the Heterotrophic Soil Bacteria Isolated
from a Culture Medium Contains Gentian Violet
Maria V. Fernandez Canigia and Marcelo A. Sagardoy Universidad National del
Sur, Departamento de Agronomia, Altos del Palihue, 8000 Bahia Blanca, Argentina.
Introduction. Gram-negative bacteria exhibit a greater resistance to dyes than gram-positive ones,
specially to those belonging to the triphenylmethane group (2). Soil bacteria can be isolated from
simple culture media, with inorganic nitrogen and glucose as sole carbon source (7). The purpose of
this approach was to characterize the soil bacterial populations that can be selected from those
media with the incorporation of Gentian Violet.
Materials and Methods. Culture media: The Modified Waksman Medium (MW). (7). and the
same medium with the incorporation of Gentian Violet (45 ug per ml) (MWGV) were used.
Bacteria tested. They were obtained from a Torripsamment soil, trough seven periodic samplings
between XD-13-88 and F/-20-89. 115 strains from MW and 107 from MWGV were randomly
isolated trough surface-dissemination (10"^ in MW and 10"^ in MWGV).
Nutritional and physiological characterization: Resistance to adverse agents (on Oxoid nutritive
agar): 80°C resistance (3), and incubation at 60°C. Growth in presence of molybdenum, cobalt and
zinc 1 mM (NaMo04.2H20, Co(N03)2 and ZnS04.7H20). Tolerance to NaCl 7%. Response to 20
^ig per ml Rifampicin (Rif); Streptomycin (Str), Penicillin G (Pen) (Lepetit S.A.); Kanamycin (Kan)
(Roemmers); and to cycloheximide (Cic) (Sigma). Metabolism of the Carbon Compounds.
Utilization of the glucose (Glu), dextrose (Dex), lactose (Lac) y arabinose (Ara) and starch
hydrolysis (1 %) (Sch). Ability to oxidize or to ferment the glucose (OF). Methyl Red (MR) and
Voges Proskauer (VP) tests. Use of citric (Cit), pyruvic (Pyr), succinic (Sue), acetic (Ac) and
formic (For) acids as sole carbon source (4). Metabolism of the Nitrogen Compounds: Ureasa test;
gelatin liquefaction (Gel) (4); Deiutrification (DeN) (1) and growth in nitrogen free medium (NFB)
(5). The ability to use amino acids as sole nitrogen or carbon source was determined on asparagine
(Asp) (6), lysine (Lys), phenylalanine (Phe), y tryptophane or indol test (Ind) (4). Respiratory
Enzymes: Catalase (Cat) and Oxydase (Ox) tests, (4). Microscopic observation was made with
Gram's coloration.
Results and Discussion. Gram-negative bacteria were isolated only from MWGV while grampositive ones were only obtained without the dye However, most of the strains, in both media had a
variable reaction. These results do not prove the selective action of Gentian Violet on gramnegative soil bacteria. Nevertheless, the physiological tests showed very different behaviors.
Spore-forming bacteria were not isolated from the medium MWGV. The presence in the culture
medium of sodium chloride, zinc and cobalt was best tolerated by the MW bacteria (Tablel.a). In
general strains which were sensible or resistant to zinc showed a similar reaction to cobalt
However, tolerance to antibiotics was greater in strains isolated from MWGV (Table 1 a).
txcept for starch degradation, the ability to use carbon compounds, specially organic acids, was a
notable characteristic of the bacteria isolated with Gentian Violet, there was even gas production
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during carbohydrate fermentation (Table l.b). However, this population did not have the capacity to
maintain the acid pH of the medium when it metabolized the glucose.
In respect of nitrogen compounds (Table l.c), the differential characteristic between both media
was the ability to use nitrates as final electron acceptor. Lysine was the amino acid that showed the
greatest differences.
Most of the bacteria obtained from MWGV had the oxidase enzyme.
These results indicate that the incorporation of Gentian Violet into the Modified Waksman
medium, allows the selection of certain antibiotic resistant strains (specially Pen1}; which show
great activity on carbon compounds; denitrifying activity and presence of cytochrome c. At the
same time, it inhibits spore-forming strains.
Table 1. Percentage of strains with positive response to the tests. The values between brackets
indicate gas production in respect to the total bacteria studied. (MW= 115; MWGV= 107).
Table! .a.
Test MW MWGV
80°C
50.4
0
60°C
8.7
9.4
NaCl
34.8
15.0
Zn
40.9
38.3
Mo
99.1
100
Co
41.7
26.2
Rif
31.8
8.7
Kan
2.6
16.8
Str
33.6
11.3
Pen
47.0
97.2
Cic
96.5 99.1

Table l.b.
Test
MW
Sch
67.0
Glu
45.2 (0.9)
Dex
41.7 (0.9)
Ara
26.1 (0.9)
Lac
25.2 (0.9)
O
13.9
F
13.9
40.0
MR
7.8
VP
Ac
12.2
Pyr
11.3
Sue
13.0
For
13.0
Cit
18.3

MWGV
15.9
48.6 (16.8)
46.7 (16.8)
42.1 (16.8)
33.6 (13.1)
73.8
60.8
0
11.2
62.6
82.2
89.7
84.1
86.9

Table 1 X.
MW
Test
Urea 74.8
15.7 (3.5)
DeN
NFB 61.7
Gel
53.9
Phe
36.5
25.2
Lys
Asp
90.4
Ind
0
Cat
96.5
28.7
Ox

MWGV
66.4
92.5 (15.9)
92.5
42.1
21.5
70.1
100
0
100
86.9
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Biodiversity of Microorganisms in Different Soil Types
D.G. Zvyagintsev. Department of Soil Science, Moscow State University,
Moscow 119899, Russia.
Introduction, A number of studies were carried out by Russian
scientists on the definition of
microbial
communities
in
different soil types (2). At the moment, collaborators of the
Department of Soil Biology. Moscow State University, work in a
complex program for investigating a distribution of microbial
communities in different terrestrial ecosystems; tundra. forest,
steppe, desert, peat boer (1.3,4.5.6.7). We are looking at the
distribution of microorcranisms not only in soil, but also in all
elements of the ecosystems including plant's layer, litter and
subsoil layers.
Materials and Methods. The number and biomass of bacteria were
determined by
acridine
orange
staining"
and
fluorescence
microscopy, whilst fungi were stained with Calcofluor W in order
to determine total hyphal length and spore number. Fungi and
yeasts were normally identified to species and bacteria to genus
level using different manuals. We identified only dominant genera
and species. Rare species were not identified. We were interested
in ecological dominant forms and it was they that proved to be
different in different soils.
Results and Discussion. Tundra and desert have the most density
of microorganisms (cell per 1 g) in a philoplane. forest and
steppe in a litter and peat bog in peat layers. It was found that
there was wery large number of microorganisms in subsoil layers
of sediment rocks. In 20 m of subsoil layers the bacterial
biomass was found to be equal to this of the whole soil profile.
Direct microscopic observation shows that in upper soil horizons
fungal biomass usually forms 90-95%, bacterial biomass 5-10%. The
number of microorganisms as determined by microscopic methods
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reduces with the depth in an ordinary zonal soils, but peat and
black bogs contain constant number throughout all layers. The
total microbial biomass in peat botr contains 40-400 t/ha, in
sod-podzolic soil 20 t/ha, in chestnut soil 30 t/ha. Dominant
trenera and species of microorganisms (fungi, yeasts, bacteria and
actinomycetes) are different in various soil types. Biodiversity
of dominant forms is very great in chernozem, not so great in
sod-podzolic soils and serozem, and small in tundra soils. There
are correlation between spatial location of microorganisms, their
functions, ecological strategy and taxonomie composition.
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Biodiversity of Extremely Halophilic Archaebacteria from
Different Saline Soils of Former Soviet Union
I.S. Zvyagintseva. Institute of Microbiology Russian Academy of Sciences,
Moscow, Russia.
Introduction
Microbial biodiversity is one of the main
problem in the modern and future biology. We know 5% of the total
microbial biodiversity only. The microorganisms realize many unicue
functions in nature. The isolation of new strains with unusual
properties is very important for understanding
the
trophic
interactions of microorganisms with plants and animals. Hypersaline
ecosystems including saline soils are the unicue part of biosphere
and the habitat of the halophilic Archaea - phylogenetically
isolated Archaebacteria group. At first extreme halophiles were
isolated from the Dead Sea and then from other saline ecotopes (2).
For a long time only halotolerant eubacteria were isolated from
saline soils (3). Sulfate saline soils (sulfate solonchak) and soda
saline soils (soda solonchak) are the specific saline econiches.
Therefore topic of this investigation was studing the biodiversity
and distribution of halophilic Archaea in these soils.
Materials
and Methods.
The samples of saline soils were
collected in the different regions of the Former Soviet Union. It
was used plating method and selective media with different NaCl
concentration
to
isolate
halophilic Archaea and halophilic
eubacteria. To separate extreme halophiles we studied its NaCl
requirement, morphologo-biochemical properties, sensitivity to the
antibiotics, core lipid content, G+C content (1). Polar lipid
content
and
DNA-DNA
homology
were used for new isolates
identification. (1). For determination of halophile number in soils
we used method Zvyagintsev et al.(4).
Results
and Discussion.
More than 50 strains were isolated
from sulfate solonchak. The isolated cultures grew in medium
containing not less than 15% NaCl. They have properties typical of
halophilic
archaebacteria.The
majority
of
strains
are
carbohydrate-consuming microorganisms and the development of the
population in native econishe is stimulated as a result of
enriching the soil sample with glucose. The number of extreme
halophiles in the bacterial halophilic community reached 50% in
sulfate
solonchak
(5). According
phenotypical
properties
(morphology, physiological peculiarities and polar lipid content)
the majority of new isolates were identified as
Halobacterium

sali nari urn, H. tropanicum, H. saccharovorum, Hal oferax mediterrane i,
H. VOlcani i. However, some strains isolated from sulfate solonchaks
of plains and high mountains, according their phenotypical and
genotypical characteristics, could not be included into valid
taxons of order Halobacteriales.
Two strains with rod-like cells
were similar, but not identical with H. SaCCharOVOrum according
some phenotypical peculiarities, DNA-DNA homology and 16S rRNA
sequences. They were classified in a new species of HalobacteriUITI
genus and designated H. distributum
sp.
now.
(6). From the same
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sample
of
sulfate solonchak it was isolated
halophilic coccus that could not be included to the
HalOCOCCUS

morrhuae.

These

two extremely
valid species

strains were designated as HalOCOCCUS

turkmniCUS
sp. nov. (6).
Some extremely haloalkaliphilic strains
were isolated from soda solonchak. They are extremophiles according
two factors - habitat salinity and alkalinity. Besides they may be
considered as moderate thermophiles for their temperature optimum
ranges from 37o to 40o and the ability for growth about 55o. In
soda solonchak the number of extreme halophiles in the bacterial
haloalkaliphilic community reached
75%
and
the
population
development was stimulated by acetate (5). The strains isolated
from soda solonchak were identified as Natronobacterium
pharaonis
and NatrODOCOCCUS OCCUltUS according morphology, physiological
properties and polar lipid content. Species content of extremely
halophilic Archaebacteria from saline soils similar to other saline
ecotopes. For example, at first the Halobactenum
distributum
species was isolated from sulfate saline soil in Turkmenia. Later
this species strains were isolated from high mountain salonchak (
Western Pamirs), crude oil (Tatarstan) and cyanobacterial community
(Crimea). However, HalOCOCCUS turklTBMCUS was isolated from sulfate
saline
soil
in Turkmenia only. Isolation of new extremely
halophiles strains from saline soils and
other
hypersaline
ecotopes,
studing
their
phenotypical
and
genotypical
characteristics are very important to
discover
new
taxons
halophilic Archaea.
Conclusions.
I. The extremely halophilic Archaebacteria are
wide-spread in saline soils. 2. Two halophilic Archaea new species
were isolated from sulfate saline soils.
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Introduction. In connection with research on ecosystem function and in nature conservation
also studies on biodiversity are becoming increasingly important (3). Biodiversity of plants
and soil organisms depends on soil physical and soil chemical conditions. More attention has
to be paid to the interactions between vegetation, soil fauna, microorganisms and soil. Land
use in general and livestock grazing in particular are important factors influencing
biodiversity (1).
Materials and Methods. The study sites are located in low alpine heath of the European
Subarctic (Finnish Lapland). The parent material is granite gneiss of Precambrian age
(Baltic Shield). The oligotrophic vegetation consists of dwarf shrubs (mainly Empetrum
hermaphroditum) and lichens and is characterized by a mosaic-like distribution pattern.
Twelve soil profiles were mapped and analyzed using standard methods (2). Particularly soil
biological processes, such as nitrogen mineralization for example, were considered.
Results and Discussion. In northern Scandinavia Spodosols are common on Precambrian
bedrock. At the study sites the distribution of iron, aluminum, and manganese clearly
indicates podzolization processes. Illuviation of carbon is mostly restricted to small pockets
between boulders and stones, what is also true for the E horizons. However, soils under low
alpine heath vegetation are not homogenous. Pedogenesis varies in dependence on plant
cover. Conditions could be compared to those described by UGOLINI et al. (4) in northern
Alaska. At the study sites distinct differences are evident between pedogenesis influenced
either by lichen or by dwarf shrub vegetation. For example, organic carbon content in the
epipedon is higher under dwarf shrubs than under lichen cover. In many cases a relatively
thick O-layer built up under the dwarf shrub vegetation. Under such conditions C/N ratio is
wider and therefore less favorable for decomposition. On the other hand, base saturation, for
example, is lower under lichens than under dwarf shrubs. Intensive reindeer grazing brings
about changes in the lichen-shrub-mosaic, because of the consumption of lichens. This results
in lower amounts of litter input at this microsite. Also, microclimate changes, and the soil
dries quicker. In this case reindeer grazing must be regarded as a determining factor which
persistently influences diversity of the plant cover (parituclarly lichens), soil microorganisms
and their activity, and soil meso-fauna as well. Thus, more mites, for example, were found
under dwarf shrub vegetation than under lichen cover. Altogether, the influence of the soil
mosaic on biodiversity in subarctic heath ecosystems needs to be studied more intensively.
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Interactions Among Soil Organic Matter, Amber Disease
and Grass Grubs in Canterbury, New Zealand.
F.J. Villalobos1*3, K.M. Goh2, R.B. Chapman3, & Emberson, R.M.3. 'instituto
de Ecologla, Xalapa, Mex..; 2Soil Science Dept., Lincoln University, NZ; 3Dept.
Entomology & Animal Ecology, Lincoln University, NZ.
Introduction. When the larvae of the soil-dwelling scarab grass grub Costelytra zealandica
(White) reach pest status, up to 50% of the pasture area may be damaged in Canterbury, New
Zealand. Populations of 300-400 third instar larvae per m2 are commonly found in infested
paddocks during winter when damage often becomes obvious(l). In addition to feeding on
grass roots, C. zealandica larvae may also feed on soil organic matter (SOM) and complete
their whole life cycle in the absence of living plant roots(2) contributing to the SOM
mineralization process. C. zealandica populations may become infected by the endemic
bacterium Serratia entomophila (Grimont et al.). It is a chronic C. zealandica specific soilborne pathogen which causes larvae to cease feeding, develop an amber coloration and
eventually die(3). This pathogen is being used as an innundative biological control agent in
New Zealand pastureland(3). Interactions among SOM, density of C. zealandica larvae, S.
entomophila numbers, and the incidence of amber disease are examined here.
Materials and Methods. A field experiment was conducted from March 1992 to June 1992
on three pasture sites within 500 m of each other. Each pasture had the same soil type but
different SOM status. The ages of the three pastures were 38, 4 and 2 years old. Undisturbed
soil cores of 10 cm diam and 20 cm depth were taken, covered with a plastic gauze sleeve,
treated as below and placed back in situ. These cores were the experimental units of a latin
square design. At each site, 5 replicates were used for each of the following 5 treatments: (a)
5 third instar larvae of C. zealandica (L3) + 10 ml of a pathogenic strain of 5. entomophila
at a concentration of 4.7xl010 cells/ml resuspended in nutrient broth; (b) As (a) but a nonpathogenic strain of S. entomophila was used instead; (c) 5 L3' + 10 ml of nutrient broth free
of S.entomophila. (d) 5 L3_ + 10 ml of H20; and (e) 0 L3" + 10 ml of H 2 0. At the end of the
experiment all experimental units were collected and transported to the laboratory. Each soil
core was broken down into 2 strata of 10 cm and sieved. Records of survival, disease
incidence and live weight of larvae were taken. Plant dry matter yield was measured for each
experimental unit. Samples of soil were then pooled for the five replicates of each treatment.
These samples were used to measure bacterial numbers and SOM conditions. Different
fractions of SOM were measured(4). Dry weight of plant residues, living roots and plant
leaves were also recorded for each experimental unit. Bacteria numbers, dry weigth of leaves
and living roots were measured at the beginning of the experiment from adjacent areas of
each pasture. Larval density was sampled before and after the experiment in an area adjacent
to the experimental units at all sites.
Results and Discussion. In this paper the results of S. entomophila numbers, larval survival,
incidence of amber disease, plant growth and soil microbial biomass are presented. ANOVA
revealed that soil of the 38 year pasture contained a higher population of indigenous S.
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entomophila (p<0.05), probably due to the higher SOM content which also was associated
with greater bacterial survival. Both organic and inorganic substances may interact in forming
coatings over some microorganisms, thereby protecting them. The importance of pathogen
reservoirs for the survival and infection of S. entomophila has been previously suggested(4).
A significant difference (p<0.05) was observed in the number of healthy larvae among
treatments. However, this difference was not observed among sites after the experiment. The
effect of SOM on larval infection may be important in the long term. Differences between
treatments (a) and (b) suggest that the application of S. entomophila may have a positive
effect by itself in inducing leaf and root growth regardless of insect herbivory. Production of
plant hormones as cytokinins by soil microorganisms has been suggested to promote root
growth(5), a fact that could explain this pattern. The application of S. entomophila inhibited
soil microbial biomass and reduced the symptoms of other larval diseases. Constraints on the
growth of S. entomophila in the soil have partially been attributed to competition with other
microorganisms(6).
In conclusion, a better understanding of the microbial interactions in the soil may lead
to a more efficient use of S. entomophila as a biocontrol agent. The patterns described in this
work may partially explain the long-term reduction, below an economic threshold level, of
larval density in old pastures. Under the soil conditions imposed by innundative application of
S. entomophila in the field, microbial competition may be enhanced and indigenous
microflora inhibited. Efforts should be made to increase the efficiency of the bacterial
applications to the soil and to encourage the build up of SOM. Both actions are recommended
to increase the occurrence of indigenous entomopathogens in the soil and to prevent damage.
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Introduction. Biodiversity of plants and soil organisms (e.g. soil mesofauna) in natural and
man-made ecosystems depend on soil physical and chemical conditions. Moreover, biodiversity
is influenced by land use practices and livestock-grazing (9).
The following investigation on soil mesofauna was carried out at low alpine heath in Finnish
Lapland (European Subarctic). At these study sites the vegetation is mosaic-like and consists
of lichen (mainly Cetraria spec, and Cladonia spec.) or dwarf shrub (mainly Empetrum
hermaphroditum) (4). Reindeer grazing is one of the most important factors affecting the
composition of the plant cover (10). Also, the soils, which are commonly classified as
Spodosols (6), are not homogenous. The pedogenesis is influenced by the dominating plant
cover (lichen or dwarf shrub vegetation).
Materials and Methods. The mesofauna of the soils under lichen and dwarf shrub vegetation
was sampled (0-4 cm depth) and extracted by standard methods (2). Moreover, abiotic site
factors, such as soil water content, were measured.
Results and Discussion. At the Empetrum sites, mites are the dominat group of soil
mesofauna. This result is totally in accordance with other studies on soil mesofauna at low
alpine heath. However, most of these investigations do not differentiate between lichen
vegetation and dwarf shrub vegetation on the other hand (3, 5, 7, 12).
At the investigated lichen sites the number of mites is similar to the number of springtails.
Due to reindeer grazing the plant cover especially at the lichen sites is lower compared to the
other sites. Moreover, on lichen sites less litter accumulates than on under dwarf shrub
vegetation. Consequently, these sites exhibit different microclimates, and soil moisture for
example under lichen cover is lower than under Empetrum cover. In addition, the C/N ratio
of the organic material accumulating under Empetrum cover is higher than at the lichencovered sites. At the lichen sites small patches of bare soil and stones are very common. Very
likely, they can be explained by frost heaving. These more active sites seem to be more
attractive to springtails than to mites, because different ecological role of these soil animal
groups. In general, springtails appear to be more r-stragegists responding more quickly to new
specific sites factors than mites (e.g. new food ressources on frost heaving sites). Mites, on the
other hand, are mainly K-stragegists. They feed mainly on senescent fungal mycelium, where
nutrients (e.g. calcium) are concentrated (1), which seems to be peculiar to Empetrum sites.
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At the sites investigated, soil moisture usually depending on humus content, seems to be the
most important factor controlling the distribution of the soil mesofauna. More individuals of
soil mesofauna (springtails and mites) are found at Empetrum sites than at lichen sites. At the
study site, the pH value of the uppermost soil layer is nearly the same as under lichen and
dwarf shrub vegetation. Therefore, higher abundances of soil mesofauna at Empetrum sites
can probably not be attributed to the pH value.
Future investigations in subarctic heath ecosystems have to pay more attention to the influence
of soil and vegetation mosaic on soil mesofauna. The diversity of soil organisms depends
mainly on this patchiness, as is also shown by investigations at Spitzbergen and from the Alps
(8, 11).
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Reconstruction of Vernal Pools for Wetland Mitigation
Sacramento Valley, California
T. Cook*, S. Davis, and P. Sugnet. Soil Consultants, Davis and Georgetown, CA
and Environmental Consultant, Roseville, CA.
Introduction. Urban development is rapidly encroaching on native
lands
throughout
California. Some native plants and
animals
associated with isolated Palustrine Seasonal Wetlands
(vernal
pools) are being impacted by urban encroachment. There is no
immediate threat to this habitat. However, vernal pools classify
as "isolated waters", therefore fall under jurisdiction of the
Clean Water Act of the United States of America (Section 4 0 4 ) ,
where compensation for impacts is a requirement. One method to
mitigate or replace this loss is to reconstruct new vernal pools
that replicate natural conditions in other areas that will remain
protected from development. The replacement ratios may be as much
as four hectare for each hectare of impact (4:1). This paper
explains
the background, soi1 -hydrologic
characteristics, and
methods used in the reconstruction of vernal pools.
Description of the Project. A 255 ha. mixed-use, master-planned
community is being developed on a portion of a very large, several
1,000 ha., ranch consisting mostly of low quality habitat which
had
been
impacted
by
freeway
construction
activities,
in
conjunction with a history of livestock overgrazing. It is located
about 20 km south of the city of Sacramento. Vernal pools occur
throughout the area planned to be developed. This planned area
will include 158 ha. of si ngl y-f ami 1 y residences and a 219 ha.
wetland preserve that will i n d u c e vernal pools.
Within the area being developed are 23 ha. of wetlands consisting
mostly of vernal pools that will be impacted. To mitigate the loss
of these vernal pools, 45 ha. of new vernal pools will be
constructed in the 219 ha. wetland preserve.
Soils and Landscapes. There are two major geomorphic surfaces and
3 major soil series in the project area. The uppermost geomorphic
surface consists of a very gently sloping terrace (Pleistocene
age), which is dissected by relatively shallow drainage swales.
San Joaquin soils (fine, mixed, thermic Abruptic Durixeralfs)
occur on the terrace and have an abrupt textural change (claypan)
at 75 cm over a duripan
Gait soils (fine, mon tmor i 1 1 oni t i c,
thermic Aquic Haploxererts) occur in the swales and are clayey
throughout over a duripan at depths of 50 to 100 cm. This
landscape is characterized by mound-intermound
microtopography
with many depressional features referred to as "hog wallows".
The

lower

surface

is

a

basin

and
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flood

plain

(Holocene age).

Unless protected by levees these areas periodically are inundated.
Clear
Lake
soils
(fine,
montmori11onitic,
thermic
Xeric
Epiaquerts) occur in the basins and are deep, very dark gray to
black clays, having perched water tables near the surface during
part of the year.
Hydrologie Conditions. Average annual rainfall is about
The
climate
is distinctly
Mediterranean
with
90 %
precipitation falling from November to April.

430
of

mm.
the

Water Balance Considerations. The seasonal wetlands and vernal
pools fill both from incident rainfall and from runoff from the
adjoining upland areas. Runoff enters the pools and swales, either
as, overland flow during long and intense rainfall events or as
lateral flow across the upper surface of the claypan or duripan,
when the soils become saturated for long periods. To determine the
hydrologie and evapotransporation characteristics of the soils and
climate, detailed models were run. About 140 mm of moisture is
available for wetting the soil and producing runoff required to
fill the swales and depressions. San Joaquin soils will become
saturated with 5.5 cm of water in the upper 22 to 40 cm above the
abrupt textural change (claypan). The depth of water in the best
native vernal pools varies from 27 to 55 cm, before the water
spills over to the next pool or swale. Spilling of pools must
occur before
the pools yield
surface
runoff
to the swales
downstream. Based on the characteristics of the soils and the
hydrologie conditions new vernal pools are constructed to simulate
conditions of existing vernal pools.
Flora and Fauna. To establish the same native species in the
constructed pools, the floor of the native pools and swales in the
development area were scraped to a depth of 2 to 3 cm. The scraped
soil material, which contained the seed sources, was stockpiled
and later spread on the floor of the newly constructed pools. In
the last 50 years, the aerial and spatial configuration of the
native pools has remained fairly constant. The most common plant
species
are:
Lasthenia
fremontii,
PIagiobothrys,
sp.,
Psi1ocarphus, sp., Downingia elegans, Eryngium vaseyi , Hordeum
histrix, and Deschampsia. The most common animals found in the
pools
are
fairy
shrimp,
(Branchineeta
conservatio,
B.
1ongiantenna, B. lynchi, and Linderiella occidentalis and tadpole
shrimp ( Cepidurus packardi ) .
Conclusion. Based on 3 years of monitoring at the Elliott Ranch
and 5 years at other Central Valley sites, it has been proven that
vernal pools can bo reconstructed to replace pools and swales lost
or destroyed because of urban development. If care is taken to
correctly identify the kinds of soils and their characteristics
and the hydrology of the soils, proper construction design can be
developed to construct viable reproducing pools and swales. Plant
species diversity was found to be greater in reconstructed pools
than in the impacted "native" pools. Fairy shrimp are readily
found
in
the
reconstructed
pools
and
continue
to
persist
throughout the project area since construction.
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Diversity of Chafer Beetles (Coleoptera: Melolonthidae)
Inhabiting Different Units of Soil in Mexico
M. A. Moron and C. Deloya. Department of Insect Biosystematics. Instituto
de Ecologia, A.C. Apartado Postal 63, Xalapa, Veracruz 91000 México.
Introduction. At present, 905 species of chafer beetles or phytophagous scarabs (Coleoptera:
Melolonthidae or Scarabaeidae Pleurosticti) are listed for Mexico. Almost 80 % of the larvae
of these species live in soil, and all are named as white grubs. Apparently, 600 species feed
on roots mainly and the other 150 are humus or litter consumers. Majority of root feeders
are included in the subfamily Melolonthinae, and the saprophagous belong to the subfamilies
Rutelinae, Dynastinae and Cetoniinae (1). The precise habits are poorly known, and it is
possible that a large number of species exhibit facultative feeding behavior. Food preferences
are very important because more than 100 species are directly associated to crops, and nearly
20 species of white grubs are confirmed as pests of Gramineae (2). Extensive deforestation
and monocultures are probably the main factors which depauperate the scarab richness in
Mexico, since both reduces the proprieties of soil. Studies on the relationship between soil
units and diversity of white grubs in Mexico are lacking. The objective is to outline the
diversity of chafer beetles in four ecosystems with different units of soil.
Materials and Methods. We used the data obtained along 15 years in four localities,
representing typical Mexican ecosystems, two in protected areas and two freely influenced
by traditional agriculture and cattle management: pine-oak forest at La Michilia Biosphere
Reserve, Durango (3); tropical rain forest at Los Tuxtlas Biological Station, Veracruz (4);
montane cloud forest located between Molango and Tlanchinol, Hidalgo (5); and remnants
of tropical deciduous forest with crop fields surrounding Jojutla, Morelos (6). From species
listed we selected taxa with larvae directly related to soil, comparing the richness in relation
to unit, subunit and use of soils; Mexican Soils Charts (7) were the source to interprete these
units.
Results and Discussion. The open pine-oak forest is located on luvic phaeozem, the surface
of forest floor is mainly covered by short grasses, which maintain 33 root feeding white
grubs of the genera Phyllophaga, Diplotaxis, Macrodactylus, Anomala, Anomalacra,
Cyclocephala, Ancognatha, and Orizabus; and only 8 saprophagous species from the genera
Parabyrsopolis, Coscinocephalus, Strategus, Xyloryctes, Cotinis. Gymnetina and Euphoria.
The tropical rain forest is placed also on luvic phaeozem, the forest floor is covered by litter
and large number of plants and palms, specially at the disturbed borders, apparently
supporting 30 root feeding species from the genera Phyllophaga, Diplotaxis, Anomala,
Strigoderma, Cyclocephala, Stenocrates, Dyscinetus and Ligyrus; and 12 saprophagous white
grubs of the genera Ceraspis, Aspidolea, Coelosis, Strategus, Enema, Heterogomphus.
Podischnus, Spodistes, Cotinis and Euphoria. The montane cloud forest and surrounding
disturbed areas are located on haplic phaeozem, the surface of forest floor is covered by litter
and a number of herbs, shrubs and ferns, which maintain 30 root feeding specie1* of the
genera Polyphylla, Phyllophaga, Diplotaxis, Macrodactylus, Isonychus, Hoplia. Anomala.
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Cyclocephala, Ancognatha and Orizabus; and 7 saprophagous species of the genera
Platycoelia, Strategus, Xyloryctes, Cotinis and Euphoria. The remnants of tropical deciduous
forest and cultures of sugar cane, tomato, peanut, corn, onion and many other useful plants
are placed in a mixture of soils, mainly eutric regosol; the number of grasses is elevate along
roads and at the border of forest patches. This area contains 37 species of white grubs from
the genera Phyllophaga, Polyphylla, Diplotaxis, Macrodactylus, Anomala, Strigoderma,
Cyclocephala, Ligyrus and Golofa; and 14 species of saprophagous species of the genera
Epectinaspis, Strategus, Paragymnetis, Cotinis, Hologymnetis and Euphoria.
A first quantitative approach shows a slightly higher alpha diversity at the location with eutric
regosol and more intense agricultural management. In relation to the total number of
Melolonthidae species listed in each area, the higher percentage of species associated with
soil (91 %) corresponds to the pine-oak open forest, and the lower percentage (70 %)
corresponds to the disturbed montane cloud forest. Usually, the litte- eeders are represented
by large species (vg. Xyloryctes, Strategus ) and some humus feeders are frequently
associated with ant nest debris (vg. Euphoria, Cotinis). Also, it is interesting that 15 genera
with edaphicolous species are represented in each area, except in tropical rain forest which
have 18 genera. These data suggest the presence of some trophic guild structure of living
Melolonthidae in the soil at each location, which accept a more or less limited number of
representatives from each subfamily or zoogeographical origin. We need to know the role
of other elements present in each type of soil to determine these structures.
Conclusions. It is necessary to promote detailed studies of the white grubs in association
with the soil components, including both quantitative and qualitative data, and focused on a
trophic guild structure of representative Mexican ecosystems. Further information is needed
in relation to the specific trophic habits of most part of the Melolonthidae larvae. The greater
diversity of white grubs in Mexico is derived from the genera Phyllophaga, Diplotaxis,
(Melolonthinae) Anomala (Rutelinae) and Cyclocephala (Dynastinae).
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Ion Cycling
SCHULTE, A. *, RUHIYAT, D. * and ULRICH, B. **
*

Indonesian German Forestry Project, Faculty of Forestry - Mulawarman University,
P.O. Box 1227, Samarinda 75123, East Kalimantan /Indonesia
** Institute of Soil Science and Forest Nutrition, Buesgenweg 4, D - 3400 Goettingen / Germany
Extended Summary
Introduction. There are a lot of reasons to be concerned about the stability of tropical forest ecosystems not
only in southeast Asia. The forest decline, the extinction of species and degradation of soils indicate drastical
changes in parts of the ecosphere. In the two poster will be shown, that the changes mentioned have one
common denominator: they can all be expressed as storage changes (e.g. of species, of nutrients, of acids and
bases, of organic matter) and thus reflects changes in the balance of matter of the ecosystem. To judge changes
caused for example by transformation of natural forests into plantations of fast growing trees —performed
over millions of ha in Indonesia— an appropriate theory of tropical forest ecosystems is necessary and will be
discussed in relations to the actual situation of forest soil use in Kalimantan.
Theoretical concept. With respect to the mathematical description of systems, natural forest ecosystems and
plantations not only in the tropics can be characterized as being dynamic. Dynamic systems are determined by
causal relationships that have a strorage capacity. Dynamic compartmental systems (E) are defined according
to LUDYCK (1977) by the quintuple :
E = (u,y,x,f,g)

(1)

Where u represents the input vector, y the output vector, x the state vector, f the transfer function and g the
output function. With respect to many aims of forest ecosystem analysis of practical importance, e.g. the
definition of sustainable forest soil use, input and output can be measured. There exists at least more than 50
case studies in Europe and North America but only a few in the tropics , where such measurement have been
performed over years. The flow of matter in a forest ecosystem (which is defined as an open system) can be
expressed in the following equation :
aCO z + xM + + yA" + (y-x)H+ + z H 2 0 + Energy
( Photosynthesis and Formation of Organ. Substances )
(2)
(C a H 2 z O z M x A y ) o r g > m a t t e r + (a + „ ) 0 2
( Respiration and Mineralization of Org. Substances )
Where a,x,y,z, represent stoechiometric coeffients, M+ cations, A- anions of unit charge. Open systems can
reach a steady state and are than dealt with the thermodynamics of irreversible processes. In the
thermodynamics of irreversible processes, steady states play a role similar to that played by states of
equilibrium in classical thermodynamics.
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An important concequence of open systems in steady state is, that they orgenize themselves according to the
principle of minimizing entropy production (ULRICH, 1992). In tropical forest ecosystems, minimizing of
entropy production shows up in maximizing the utilization of energy and minimizing the dissipation of matter.
This can be achieved by optimizing a high level of energy utilization with a high level of internal structure
(specific surface area) and a high degree of internal cycling of matter. In terms of equation (2) steady state in a
tropical forest ecosystems means that the forward reaction, caused by the activity of secondary producers, is
balanced by the back reaction, caused by the activity of secondary producers. Natural tropical rainforests, eg.
primary Dipterocarp forests in South East Asia, can approach such steady state, keeping the internal ion cycle
closed and showing no measurable trend of soil degradation.
The main target of sustainable forest management in the tropics in respect to matter balance are forest or
agroforest ecosystems where the effect of forest utilization (export of timber / biomass) measurable as output
of nutrients (Ca, Mg, K, N, P,etc.) is in equilibrium with the natural input of such elements (precipitation,
mineralization) during the regeneration period — or with other words, the maintenance of the matter balance
without deviation from steady state within the time spend between to utilizations.
Materials and Methods. The present case study takes the example of East Kalimantan / Indonesia (2000
mm/year; 27 C) to examine in detail nutrient reserves and their development in selective exploited natural
Dipterocarp forests (Dipterocarpus gracilis, Shorea leprosula, Shorea ovalis, etc.) and in plantations of
Eucalyptus deglupta, Acacia mangium and Paraserianthes falcataria, varying in age between six month and ten
years. Determination of the nutrient reserves in the soil was performed by means of a systematic network of
samples of the raw organic strata and the mineral soil, with twelve separate samples from each depth zone. To
determine nutrient reserves in vegetation, four subdivisions were distinguished: trunk, bark, branches and
twigs/leaves. The nutrient level in vegetation was calculated from the biomass of the distinct subdivision, and
their mean concentration of nutrients, with N, K, Ca and Mg being recorded. The soil samples examined are
ultisols originating from silt and clay stones of the tertiary Pamaluan formation. These are characterized by a
high susceptibility to erosion which allows soil redeposition even in forested areas.
Results. The natural Dipterocarp forest of East Kalimantan/Indonesia show an extremely high biomass (450550 t/ha) in relation to other forest ecosystems. As it is normal in most of the humid tropical forests, a large
proportion of the nutrients of the ecosystem is fixed in the vegetation. In the case of K is approx. 70%, for Mg
75% for Ca as much as 95%, but only 15% of N Total reserves are calculated with approx. 7250 kg/ha of N,
1500 kg/ha of Ca, 1150 kg/ha of K and 320 kg/ha of Mg. Under the Indonesian selective cutting system
applied in East Kalimantan in natural production forests, with a utilization of more or less 80 m3/ha and a
regeneration period of 35 years, nutrient export from the ecosystem as a result of trunk removal amounts to
approx. 30 kg/ha of N, 35 kg/ha of K, 80 kgAa of Ca and 10 kgAa of Mg. This represents a reduction in total
reserves of 1% to 5% only and can be compensated by the cummulative input of precipitation deposits over 35
years.
It is however conceivable that imbalance in the ecosystem as a result of machine utilization followed by faster
mineralization and /or soil compactation and erosion lead to further losses of nutrients The question, what
means this for the matter balance of the ecosystem and especially for the soil in comparison with the conversion
of natural Dipterocarp forests into plantations of fast growing trees, planted on more than 4 million ha in
Indonesia up to the year 2000, is discussed in the second part of the publication.
LUDYCK, G. (1977): Theorie dynamischer Systeme. Elitera-Verlag. Berlin
ULRICH, B. (1992): Forest ecosystem theory- based on material balance. Ecological Modell.. 63. 163-183
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The Former and Future Soil Cover in the Loess Area
S. Uriak, Z. KKmowici. Department of Soil Science, Maria Curie-Sklodowska
University, 20-033 Lublin, Poland.
Introduction. Many researchers have studied evolution of the loess soils and the changes mat take
place in them. In majority of these studies transformations taking place in the soil cover as a result of
human cultivation were concerned Only very few studies covered a longer period of cultivation, e.g.
more than 1000 years (2). In most cases studied period was short, i.e. 10 or 20 years. The present
study deals with the changes taking place in the soils that are agriculturally utilized for 50 to 600
years (1). On this basis an attempt to present the soil cover as it existed 600 years ago, and the soil
cover mat should be formed in 500 years' time has been undertaken.
The study area and methods. Three different areas, 15 to 20 km2 each, were chosen from some
fairly differentiated loess region using the 1 : 25 000 soil maps ( soil - agricultural maps, to be more
exact), and a topographic map of the same scale. The areas differed, among others, in their relative
alltitudes, inclinations, plant covers. While working out the cartographic picture of the past and future
soil covers the following criteria were taken into account: the character of forest soils mat have never
been cultivated and that hardly show any morphological changes relating to the relief, the picture of
the contemporary soil cover that has been considerably changed because of the cultivation, the
analysis of slopes in the area (grades of inclination) that influence the degree of erosion.
Estimation of the relation between the degree of inclination and the intensity of erosion was an
important element in the present study. Basing on the material gathered from the whole area of the
loess upland the degree of soil erosion according to the degree of slope inclination were estimated:
0-6%, 6-12%, 12-18%, and above 18%. The soil topographic sections that were carried out in the
areas with differentiated degrees of inclinations, differentiated exposures and ploughing directions
were used for the above.
Results. The present studies showed that the soil cover in the loess area covered by deciduous and
mixed forest was little differentiated. On the tops and slopes and at the hill feet the lessives soils
were predominant, whereas in the valleys - mainly alluvial soils. The present soil cover is of a
mosaic type. Typical brown soils, leached and acid brown soils with differentiated degree of
erosion, are dominant. The former can be found mainly on slopes. Surfaces with high inclination
favour the formation of poorly developed and initial soils. The alluvial soils were changed into the
alluvial - deluvial ones. The soil cover foreseen in several hundred years' time consists of even more
contribution of poorly and initial soils formed from the brown soils undergoing heavy erosion
processes. Changes in the soil cover in the years to come will definitely be slower than the ones that
took place in the first years after ploughing was commenced. On the basis of some chosen - model surfaces an attempt to reconstruct of a relatively bigger loess area in the past and to forecast the
changes in this cover in the future.
Literature.
(1) Klimowicz Z, Uziak S., 1993. The effect of multi - year agriculture utilization of the Lublin
Upland soils developed of loess and loess - like formations and from limestone on changes in their
properties and on their evolution. Edited by Societas Scientiarum Lublinensis. Lublin.
(2) Schroeder D. 1956. Zum Einfluss von Vegetation und Bodennutzung auf die Bodenentwicklung
Ehemaliger Schwarzerden. VI Congres de la Science du Sol. Paris, Vol. V, 23.
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Soil Thermal Profile and Populations of Diabrotica
virgifera zeae K. & S. on Corn in the Toluca Valley,
Mexico.
R. Vega , J. L. Ayala, and A. Lagunes. Programa de
Colegio de Postgraduados, 56230 Montecillo, Mexico.

Agrometeorologia,

Introduction. In the State of Mexico about 250,000 ha grown to corn are infested by
"mexican corn rootworm", Diabrotica virgifera zeae Krysan & Smith (Coleoptera:
Chrysomelidae). Losses in yield caused by this insect may be higher than 80% when
chemical control is not applied at the seedtime (2). The infestations and amount of
damage depends on the environmental conditions, specially temperature and soil
moisture. The pourpose of the present work was to determine the vertical space
distribution of the insect biological stages in relation with the soil thermal profile.
Materials and Methods. The present work was carried out in a commercial plot
localized in the Toluca Valley, State of Mexico during 1991. The phisical variables
that were evaluated are as follows: a) hourly temperatures of the air at 150 cm high; b)
hourly temperatures of soil at 5, 20 and 30 cm deep; c) daily thennal ascillation of air
and soil. The biological variables were: a) amount of specimens of D. virgifera zeae
found in the strata 0-5, 5-20 and 20-30 cm soil depth; b) first observations and
duration of the biological stages of the pest. The extraction and counting of eggs was
made at random with four replicates per stratum, taking for study in the laboratory (1).
The sampling was done weekly, beginning the day of sowing (April 6, 1991),
represented by the Julian day (j. d.) number 96; data were taken until the j . d. 270. To
determine the duration of each biological stage (phenological model), for each stratum,
the development hour degrees (DHD) were estimated with aid of the following
equation:
DHDi = THi-b
where:
D H D i = Development hour degree for the hour "i"
T H i = Temperature of the hour "i"
b = Basal temperature determined for the complete
cycle ( b = 10° c )
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Results and Discussion. Hourly temperatures showed great differences according to
the sensor positionon the profile and time of the year; the greather the soil depth the
higher the thermal stability. The highest daily oscillation value was 27°C at 150 cm
deep, whereas the lowest value, 5°C, corresponded to a 30 cm soil depth. The
estimated percentages for the different biological stages in each of the soil strata were
as follows: 39.8, 33.1 and 27.1 % for eggs; 48, 52 and 0% for maturate larvae (L2 and
L3) and 68, 32 and 0 % for pupae in soil depths of 0-5, 5-20 and 20-30 cm,
respectively. On the other side, the first larvae where detected since the j.d., 106 but
the greatest amount was obtained in the sampling of the j . d. 158. For the dates already
mentioned, the DHD accumulated for each phenological phase and stratum are
summarized in Table 1. From the foregoing, it may be concluded that there is more
thermal capacity in the deeper soil strate; nevertheless, the population density of D.
virgifera zeae is very low or of no account, depending on its biological stage.

Table 1. Acumulation of development hour degrees (DHD), according to the biological
stage of Diabrotica virgifera zeae K.& S. and thermal soil profile on corn.
Toluca, State of Mexico. 1991.
THERMAL PROFILE
(cm)
150
0-5
5-20
20-30

EGG-LARVA
(DHD)
4584
4872
6258
6297

LARVA-PUPA
(DHD)
3616
4060
4317
4804

PUPA-ADULT
(DHD)
2304
2720
2912
3456

Literature Cited.
(1) Bergman, M.K.; J.J. Tollefson and P.N Hinz. 1981. Sampling scheme for
estimating populations of corn rootworm larvae. Environ. Entomol.
10:986-990
(2) Ortiz H , R. E. 1988. Control quimico de Diabrotica spp. (Coleoptera:
Chrysomelidae) del maiz en Atlacomulco, Estado de México. Tesis
profesional, Depto. de Parasitologia Agricola, U. A. Chapingo, Chapingo,
Méx., 76 p.
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GROWTH POTENTIAL OF PLANT SPECIES IN
MEXICO
G. Medina, A. G. Bravo, R. A. Martinez and R. Aveldano. Institute) Nacional
de Investigaciones Fores tales y Agropecuarias. Apartado Postal 18, Calera de V.R.,
Zacatecas, México.
Introduction. In Mexico like in others countries, dry land agriculture is restricted by climatic and
soil factors. Actually, there is not information about where the zones with high yield potential
of plant species are localized. In this sense, it is necesary to locate geographical zones with the
best yield potential and to apply the convenient technology. The objectives were: 1) To create
a geographical database for the physical medium, to generate different products. 2) To identify
and localize plant species zones with high growth and yield potential for every state. 3) To offer
actions to reorganize soil use based on an increment of crop productivity.
Geographic Information Systems (GIS) are computer databases that organize information in a
spatial framework. This allows the analysis of data based in part on location. A GIS is a database
management system for map-oriented data. For any region, a set of maps can be added to the
database as digitized images to represent different data themes describing the region. Within each
data theme, homologous regions are identified, and attributes describing those regions are stored
in tables that reference the map of the data theme. GISs then offer several features for
manipulation of the graphical and tabular data. For instance, if data themes for field boundaries,
crop and soil type were included in a GIS for a given farm, GIS could quickly calculate and
display on a map all regions within selected cotton planted in heavy clay soils. (1,2 and 3).
Materials and Methods. The variables considered to define the best zones of plant species were
topographic, climatic and edaphic. Topographic information was used from the Digital Elevation
Model (DEM) of Institute Nacional de Estadistica, Geografia e Informatica (INEGI). The
information about elevation was taken every 30 arc seconds for latitude and longitude. A grid
with an elevation value every 900 x 900 meters was made. DEM was used to determine slopes.
Edaphic information was digitized from maps (scale 1:250,000) of INEGI with the Geographic
Information System (GIS) ARC/INFO. It was used to obtain soil units, physical and chemical
phases, texture and soils deep images. The climatic data used were the month normals of 19511980 from Servicio Meteorológico Nacional (SMN); the total number of stations was over 2000,
for all the country. Maximum and minimum temperatures, rainfall and evaporation variables were
used.
All images were handled with the IDRISI GIS, with the requeriment of every specie: ranks of
elevation, slope, annual or stational plant rainfall, mean or station plant temperature, soils
requeriment, and others generated with this information as rainfall/evaporation index, heat units,
etc.
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According to states's ecology and economic importance of different plant species, it was decided
to determine potential zones for rainfed crops as maize, beans, wheat, sorghum, fruit species,
grasses and forest species. For each specie studied, it was generated a map with the geographic
position and areas in hectares, and its comparison with the actual growing areas in the state.
Results and Discussion. For each state of the country, images with elevations, slope, climatic
variables, rainfall/evaporation index from June to September months, edaphic characteristics and
others were generated.
The rainfall/evaporation index from June to September (growing period for rainfed crops)
observed with more frequency in the states of North-Center and North-West of the country, was
less than 0.5. In this zone is not posible to stablish rainfed crops. This region include states as
Sonora, Baja California, Baja California Sur, Chihuahua, Coahuila, Zacatecas and others.
There is a considerable area of the country with litosol soil unit, and slope greater than 4%.
These areas are not potential areas for crops cultivated in rows. The region with more rainfall is
in the East and South-East of the country. This region include Veracruz, Tabasco, Chiapas,
Yucatan, Quintana Roo and others.
In the West-Center region, the area with high potential for rainfed maize is: Nayarit (602,883 ha),
Jalisco (876,339 ha), Colima (51,840 ha) and Michoacan (339,795 ha).
Veracruz has good areas for rainfed beans (1,536,084 ha), while, Zacatecas state annualy cultivate
about 700,000 ha, but only 200,232 have a medium and high growth potential.
The zone with high growth potential for Blue grass is localized in the North-Center region of
México (Chihuahua, Durango, Zacatecas, Aguascalientes, San Luis Potosi, Jalisco, Guanajuato
and Queretato states).
Regions with growth potential of plant species were determined and this give the oportunity to
reorganize soil use to permit the production of the species with higher adventages. This study can
be important to order the natural resources in différents regions, and to take this as start point of
sustainable development. These results are important in the conversion of areas and crops to
better use of natural conditions.
Literature Cited.
(1) Merritt, R.N. and T.V. Orum. 1992. A Pilot Proyect to Evaluate the Use of Geographic
Information Systems (GIS) to Analyze Regional Data on Pests and Diseases of Vegetables
Department of Plant Pathology. The University of Arizona. Tucson, Arizona. 85721.
(2) Robinson,V.B.,A.U.Frank and HA. Karimi. 1987. Expert systems for geographic information
systems in resource management. Al Applications in Natural Resource Management. 1(1 ):47-57.
(3) White, W.B. and B.W.Morse. 1987. Aspenex: An expert systems interface to a geographic
information systems for Aspen management. Al Applications in Natural Resource Management
l(2):49-53.
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Comparison of soil properties in mediterranean-type
plant communities of coastal Baja California, Mexico
Franco-Vizcaino,E1*3,
R.C.Graham2, C.Montes3 and J. SosaRamirez3
^Department of Crop & Soil Sciences, Michigan State University, E.
Lansing, MI, U.S.A., ^Department of Soil & Environmental Sciences,
University of California, Riverside, CA, U.S.A., 3Departamento
de
Ecologia, Centro de Investigación Cientifica y de Educación Superior
de Ensenada (CICESE), Baja California, México.
Introduction. Conserving native coastal shrublands from encroaching urbanization and
agricultural development has become a priority in northern Baja California, Mexico, and southern
California, U.S.A. However, little information is available on the properties of soils that support
coastal sage scrub, maritime desert scrub, and mixed chaparral. Our aims were to i) compare the
chemical properties of soils and plant tissues of each of those major plant communities on two
extensive and contrasting parent materials and ii) develop hypotheses on how soil factors may
affect their distribution.
Materials and Methods. We selected 24 study sites by consulting geological and plantcommunity distribution maps (1, 2). To avoid false replication, each plant community was
sampled on two parent materials at four widely separated sites. At each site, species contribution to
plant cover was recorded along four 25-m transects. One soil sample (0-20 cm) was obtained near
the center of each transect, and the four samples from each site composited. New shoot tissue was
collected from three dominant species at each site and composited. Soils were classified in the
field. Saturation extracts of soils were prepared; pH was measured in saturated pastes and
electrical conductivity (ECse) in the extracts. Direct-current plasma spectrometry was used to
measure the concentrations of P, B, Mg, Ca, K, Na, Mn, Zn, Mo, Cu and Fe in the soil saturation
extracts and in the acid digests of plant tissues. Total (Kjeldahl) N, extractable (Olsen) P, and
organic (Walkley-Black) C were also measured in soils.
Results and Discussion. Soils that support coastal sage scrub on post-batholithic basalt are
Lithic Haploxerolls or Typic Argixerolls; but on extensive prebatholithic sedimentary rocks
(Alisitos fm.), soils are mostly Lithic Xerorthents. On prebatholithic metasedimentary rocks
(Alisitos fm.), maritime desert scrub grows on Lithic Haploxerolls and Lithic Haploxeralfs; but on
widespread Pliocene marine sediments, soils are mostly Typic Palexeralfs. On granitic (batholithic)
parent materials, mixed chaparral grows on Typic Xerochrepts, Xerorthents, Haploxeralfs, and
Haploxerolls, but on prebatholithic volcanic rocks it occurs on Lithic and Typic Argixerolls,
Xerochrepts, Xerorthents and Haploxerolls. Surface soils that support the major coastal plant
communities of Baja California are generally non-saline, and slightly to moderately acid (see table).
Judging from nutrient contents in soils and tissues (3,4), coastal sage scrub soils are low in Mn,
maritime desert scrub soils are low in Mo and some are both saline and sodic, while mixed
chaparral soils are low in K, Mg, B, Mn and markedly low in Mo. Analysis of variance revealed
that plant communities did not differ significantly in cover, species richness or diversity, but the
maritime desert scrub was significantly richer in succulent species. Communities did not differ in
soil nutrient contents; but both salinity and sodium-adsorption ratio (SAR) were significantly
higher (P <0.05), and C:N ratios lower, in the maritime desert scrub than in the coastal sage scrub
or mixed chaparral. Some parent materials differed in Na, B, and Zn in soil solution. Plant tissues
generally did not differ in nutrient contents. A strong non-linear relationship was found between
the proportion of succulents to richness of perennials in the transects and SAR (sec figure), and a
moderate one between the soil C:N ratio and SAR (r2 = 0.46). Sodium in the soil solution seems to
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Coastal Sage Scrub
Maritime Desert Scrub
Mixed Chaparral
Basalt
Sediment. Marine sediment. Metasediment. Granitic
Volcanic
Diversity (H')
Species richness
Succulence index
PH
ECse
Organic C %
Total N %
C:N
Olsen P mg/kg
SAR

I

1.2±0.4
0.9±0.2
1.1 ±0.4
1.5±0.1
11.5±3.8
9.2±2.7
13.2±2.9
15.2±2.2
0.15±0.15a 0.07±0.14a 0.38±0.14b 0.26±0.05b
6.0
6.2
5.5
6.3
0.6±0.4b
0.6±0.3ab 0.4±0.3ab
1.6±1.4b
1.6±0.2
1.1±0.9
1.3±0.2
2.2±0.5
0.17±0.05 0.11±0.01 0.10±0.05 0.11±0.01
11.9±1.9b
14.3±2.0a 14.1±1.5a
9.9±2.7b
9.4±4.3
8.0±2.2
5.5±2.4
9.7±5.0
1.8±l.la
1.3±1.6a
4.9±3.6b
10.1±4.7b

1.0±0.2 1.3±0.1
15.0±3.6 11.2±3.0
0.02±0.04a 0.0±0.0a
6.5
6.2
0.2±0.1a 0.3±0.1a
1.3±0.8 1.7±0.5
0.08±0.03 0.12±0.04
15.2±2.4a 15.4±4.0a
7.7±1.5 5.0±1.6
0.5±0.2a l.l±0.8a
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control the distribution of maritime desert scrub. None of the soil factors studied differed between
the communities of coastal sage scrub and mixed chaparral. European annuals have replaced
coastal sage scrub in many places, but the mixed chaparral has not been supplanted (1). Adaptation
to multiple nutrient deficiencies may give mixed chaparral species a competitive advantage against
invasion by exotics and help explain its resistance to changes in distribution.
Literature Cited.
(1) RA Minnich, and E Franco-Vizcaino. (In press). The Vegetation of Northern Baja California
Since European Contact. Natural History Museum of Los Angeles, Baja California Book Series.
(2) RG Gastil, RP Phillips, and EC Allison. 1975. Reconnaissance Geology of the State of Baja
California, Geological Society of America Memoir 140, Boulder CO.
(3) GR Bradford, FL Bair, and V Hunsaker. 1971. Trace and major element contents of soil
saturation extracts. Soil Science 112:225-230.
(4) HC Gauch. 1972. Inorganic Plant Nutrition. Dowden, Hutchinson & Ross, Stroudsburg, PA.

178

Commission III: Extended Summaries

Thursday, July 14

Symposium ID-25. Biological Nitrogen Fixation (BNF) for Sustainable Agriculture.

A study of genetic background of rice bacteria-associated N2 fixation using
method. P. Wu, and J.K. Ladha. (Philippines)
The interaction of herbicides and heterotrophic N2 fixation in the
grown rice. D.N. Nayak. and P.K. Mahana. (India)

N dilution
181

rhizosphere of field
183

Potentials of associative nitrogen fixation for sustainable rice cultivation. V.
Rajaramamohan, T.K. Adhya, G.K. Patnaik. and P.K. Kanungo. (India)

185

Nitrogen fixation associated with non-legumes in vegetable growing agriculture V.T.
Emtsev. (Russia)

187

Effect of management practices on biological N2 fixation: an attempt to quantify root
contribution in alley farming. N. Sanginga. S.K.A. Danso. and F. Zapata.
(Nigeria/Austria)

189

Biological nitrogen fixation and phosphorus requirements of Azolla native of Venezuela.

190

R. Gutierrez, and Y. Espinoza. (Venezuela)
Azolla biofertilizer technology for sustainable rice farming. 5. Kannaiyan. (India). . . .

192

Flood tolerant legume green manure for sustainable rice production in Sri Lanka.
S.A. Kulasooriya. G. Seneviratne. l.M. Samarakoon. and W.L. Weerakoon. (Sri Lanka). . . .
Production of Rhizobium inoculants for Phaseolus vulgaris in Cuba. G. Hernandez. A.
Gonzalez. V. Toscano. M. Sanchez, and H. Vazquez. (Cuba)

194
196

Nitrogen fixation of common bean (Phaseolus vulgaris L.). cultivars at different levels of
available phosphorus. D.P. Beck, and V.D.P. Vadez. (Colombia)

198

Biomass production and BNF responses to low phosphorus conditions by leguminous crops.
K. Fujita. J.J. Adu-Gyamfi, D. Yoshizawa. and I. Chaudhary. (Japan)

200

Influence of some herbicides on the symbiotic nitrogen-fixation in soybean. R. Donkova,
and
D. Chanova. (Bulgaria)

202

Effect of inoculation with Sinorhizobium fredii and fertilization with different forms of
mineral nitrogen upon N2 fixation and production. 5. Redzepovie, S. Tucakovic, B. Varga,
and S. Sikora. (Croatia)

204

Diazotrophs, Rhizobium promote growth of Trilicum spp. S.K. Kavimandan. A. Singh, S.K.
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N to assess the effect of phosphorus on N2 fixation and transfer in
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The fate and use efficiency of N as Sesbania rostrata green manure and urea in lowland
rice soil. T.K. Biswas, S.K. De Datta, and D.K. Das. (India)
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A Study of Genetic Background of Rice Bacteria
Associated N2 Fixation Using
15N Dilution Method
P. Wu and J. K. Ladha. So/7 and Water Sciences Division, International
Rice Research Institute, P.O. Box 933, Manila, Philippines.
Introduction. Breeding rice varieties with higher biological nitrogen fixation (BNF) ability
would enhance the process without changing current practice and without posing any edaphic,
climatic, biotic, socioeconomic, and environmental constraints. ^N isotope dilution is the most
suitable method for obtaining integrated N2 fixation estimates. The advantages and feasibility
of using the 15N dilution method for measuring N2 fixation in lowland fields have been
documented (Roger and Ladha, 1992). We studied the genetic background of rice bacteriaassociated N2 fixation and the correlation between the N fixed and soil N supply using the 15N
dilution method. However, before we can initiate a breeding effort to select for a rice variety
which can support more N2 fixation, it is required to study genetics of the rice ability.
Materials and Methods. Varieties IR42 (an indica rice with good performance on N-poor
soil and high N2-fixing ability) and Palawan (a japonica rice with low N balance and low N2fixing ability) were selected for the study. Atm 15N% excess, total plant N absorbed at
maturity (TN), and chlorophyll content of the flag leaf at heading stage (Chi) were measured in
two pot experiments and a field experiment in 1991-92. Broad-sense heritability of N2 fixation
stimulation trait and its distribution in F2 progeny were also investigated in a 1992 pot
experiment.
Results and Discussion. In both pot and field experiments, the two varieties differed
significantly in atm 15N% excess, TN, and Chi. Thirty percent of relative Ndfa (N derived
from air) of IR42 (with Palawan as reference plant) was observed in the pot experiments and
19% in the field experiment. A significant correlation was found between the variety's ability
to stimulate N2 fixation in the rhizosphere and N supply condiuon in the plants, suggesting that
N2 fixed by associative diazotrophs may be utilized by the growing crop and may play an
important role in photosynthesis. Based on the observed variances of the parents and F2
generation, 95% broad-sense heritability (h2) was found (Table). A normal distribution of the
atm 15N% excess in the F2 plants was obtained. These findings imply that ability of variety to
stimulate N2 fixation in the rhizosphere may be a quantitative trait and could be heritable.
Iyama et al. (1983), using the acetylene reduction activity method, obtained the same results.
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Table. Uiu-J sense heritability analysis for atm 15N% excess in Palawan and IR42.
Population
F2(192)i2/
Pi (Palawan) (25)
P 2 (IR42)(25)
(Pl+P2)/2

h2 [(Vp - Ve)/Vp]a/

Variance
1.48E-05(Vp)
6.38E-07
2.44E-07
4.41E-07 (Ve)

95%
a/Vp = apparent variance, Ve = environmental variance, and h2 = ratio of genetic variance to
apparent variance.
^Numbers in parentheses represent number of plants.

Literature Cited.
(1) lyama, S., Y. Sano, and I. T. Fuji. 1983. Diallel analysis of nitrogen fixation in the
rhizosphere of rice. Plant Sci. Lett. 30: 427-435.
(2) Roger P. A. and J. K. Ladha. 1992. Biological N 2 fixation in wetland rice field:
estimation and contribution to nitrogen balance. In: J. K. Ladha et al (eds.). Biological
Nitrogen Fixation for Sustainable Agriculture, pp: 41 - 56, Kluwer Academic Publishers.
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The Interaction of Herbicides and Heterotrophic N2
Fixation in the Rhizosphere of Field Grown Rice
D.N. Nayak and P.K. Mahana. P.G. Department of Botany, Ravenshaw
College, Cuttack-753 003, INDIA
Introduction.
Herbicides remain active in soil for various
periods and in certain situations as long as a year or more (1).
The duration of effectiveness depends upon the chemical, the rate
and the method of application and specific environmental
conditions. Any new herbicide used must be tested thoroughly
before recommending to the farmers.
Materials and Methods. A field experiment was conducted during
dry season (January - June) of 1992 at the Central Rice Research
Institute, Cuttack, India. In this experiment some of the
traditional herbicides i.e. pretilachor, butachlor and 2, 4-D
were tested with new herbicides argold, anilofos and benthiocarb.
The herbicides were aplied at recommended rates and the
samplings were made throughout the growth phase of the rice plant
the effect of single and mixed application of the herbicides on
bacterial population and ARA in the soil. The growth parameters
of the plants were recorded.
Results and Discussions.
Argold had no adverse effect on plant growth and yield. Further
it stimulated N„ase activity of the rhizosphere soil throughout
the growth period of the plant.
Anilofos alone was not stimulatory both at 0.4 and 0.6 Kg a.i./ha
level to the rhizosphere N_ase activity. On the otherhand both
the concentration and on adverse effect to plant growth and
yield.
Anilofos along with 2, 4-D at 0.30 + 0.40 Kg a.i/ha has
stimulated the three groups ol N_ fixers studied. The populations
of Azotobacter, Azospirillum and anaerobic N~ fixers were greatly
stimulated, as a consequence an increase in N_ase was noticed.
The combination was also suitable for plant growth and yield.
Interestingly Anilofos along with 2, 4-D at 0.40 + 0.53 Kg a.i/ha
was inhibitory to N_ase activity. The plant growth was not
satisfactory and the yield was considerably low.
The rest of the herbicides, namely pretilachor, benthiocarb and
butachlor adversely affected the N,ase activity and plant growth
at recommended concentrations.
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However these experiments need to be conducted in diverse
situations with different soils, varieties or rice and in
different agroclimatic conditions before coming to a conclusion.
Literature cited.
(1) Alexander, M. 1964. Microtilogy of pesticides and related
hydrocarbons.
Principles
and
Applications
in
Aquatic
Microbiology. Ed. Heukelekian and Dondero. John Wiley and Sons
Inc.
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Potentials of Associative Nitrogen Fixation for
Sustainable Rice Cultivation
V. Rajaramamohan Rao, T.K. Adhya, G.K. Patnaik and P.K. kanungo.
Division of Soil Science and Microbiology, Central Rice Research Institute,
Cuttack-753006, INDIA
Rice is the most important staple rood crop ot the developing
countries.
Inorder to keep pace with the population explosion, the rice
production per hectare need tobe enhanced as there is only limited scope for
further increase in the land area.
The significance and contribution of
heterotrophic, associative bacteria to the nitrogen economy of rice is of great
interest in view of various limitations and constraints for the extensive
fertilizer usage. Researches conducted at this Institute and elsewhere have
demonstrated the significance and contribution of heterotrophic associative
bacteria to the nitrogen economy for the sustainable rice production.
The
native nitrogen fixation by bacteria associated with rice soil system is
generally low, but significant considering the possible enhancement and
exploitation under the impact of judicious resource management. However, the
magnitude of nitrogen fixation by these associative bacteria is governed by
soil, environmental, cultural and plant genotypic factors.
Carbom availability and moisture stress are the major limiting factors
for nitrogen fixation associated with rice system. Addition of either complex
or simple organic substrates caused a substantial increase in nitrogen fixation
in diverse soil types under rice cultivation. On the other hand, higher levels
(beyond 60 kg N/ha) of fertilizer N, irrespective of source and form, Inhibited
nitrogen fixation as well as the proliferation of the nitrogen-fixing agents in
the soil.
Interestingly, in the presence of higher levels of organic
substrates the inhibitory effect of fertilizer N on nitrogen fixation is
alleviated.
The alternate flooded and nonflooded regimes resulted in
alterations of the nitrogenase activity in rice soils and the activity
increased several fold following a shift from nonflooded to flooded conditions.
Continuous
submergence
favoured
rhizosphere
associated
nitrogenase
in
comparison to the intermittent flooding under field conditions.
Our recent studies showed distinct variations in the rhizosphere
associated nitrogenase activity among wild species of rice.
Further, the
trisomic
rices
exhibited
higher
associative-rhizosphere
nitrogenase
in
comparison with the activity observed in normal cultivated rices. Azospirillum
sp. isolated from trisomies exhibited higher nitrogenase activity than did the
isolates from normal rice roots.
Better understanding of the mechanisms involved in the plant-bacteria
association is needed for exploiting the capabilities of these bacteria for
sustained crop performance. The associative bacteria are now considered as
more versatile than merely fixing nitrogen, for increasing the soil fertility
and crop productivity. Presently, the commercial exploitation of associative
nitrogen
fixation for
sustainable
rice
production
is rather limited.
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Integration of plant growth promoting rhizobacteria with higher plant and
exploitation of the manifested benefits through modern developments in genetics
and biotechnology could result in sustained yield improvements.
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Nitrogen Fixation Associated With Non-Legumes in
Vegetable Growing Agriculture
V.T. Emtsev. Department of Microbiology, Timirjazev Agricultural Academy,
J27550, Moscow, Russia
Introduction. Many scientitisc in various parts of the world have reported favourable responses of
non-leguminous plants to inoculation with associative bitrogen fixing bacteria. The pionner works
in this field appered a little more fifteen year ago. The practical aspect of these work is also
of great interest since plants were shown to satisfy 1/2 -1/3 of their requirements in N-, by
associative ^-fixation. Recently there has been an increased in the response of vegetable crops
to these bacteria.
We have been study associative diazotrophs got out of vegetable crops in the protected ground
conditions, nitrogenase activity and their influence on the plant growth and development.
Materials and Methods. All the associative nitrogen-fixing bacteria tested were isolated by the
spermosphere model method (4). The most active 28 strains where isolated from the rhizoplane
200 varieties and hybrids of cucumber. All the strains where maintained on Eshby's medium and
growth at 28°C. Dinitrogen fixation rates were determined with liquid cultures by acetylene
reduction method. Bacterial strains and plasmids used in the present study are listed below. For
rapid detection of plasmid DNA, crude lysates from a small volume of the bacterial culture (1,0
ml) were prepared (2). Whenever necessary large quantities of plasmid DNA were purified by
caesium-ethidium bromide (CsCl-EtBr) density gradient centrifugation (1). Plasmids where separated
on 0,7 % agarose gels following by staining with ethidium bromide (4). For separating restriction
fragments, 0,8 % agarose gels containing EtBr(lmg/ml) were run overnight. Transfer of DNA from
agarose gels onto nitrocellulose, and hibridisation, were done according to the published
procedure (3).
Inoculum preparation and inoculation of field experiments: Klebsiella planticola cell suspension
were mixed with finely sieved autoclaved sterilized peat, adjusted to pH 6,8 with CaCO-j, at a
final concentration of about 10 colony forming units per g of peat. The moisture content of the
mixture was 40 % and the inoculant was stored at room temperature in sterile polyethylene bags. At
the time of use the peat contained 10 cfu per g of peat. Control plots in all field experiments
were treated with the same amount of sterile peat. Inoculation plants of cucumber with Klebsiella
planticola was carried out in all experiments three week after plant emergence. The experiment was
carried out in the greenhouse in the protected ground conditions with 5 randomized blocks each
containing two treatments plots, each 36 m , with one inoculated with the Klebsiella inoculant and
the other (non-inoculated) control treated with the same amount of sterile carrier.
Results and Discussion. It was shown that in the associations hibrids of cucumber studied the
nitrogen-fixing activity is realized mainly through facultative anaerobic diazotrophs, among which
Klebsiella, Enterobacter and Bacillus strains dominate. Among the isolated representatives of
Klebsiella variety one strain namely TSHA-91 was identified as Kliebsiella planticola. It was
characterized by a high nitrogen-fixing activity and ability to inhibite the growth of
phytopathogenic fungi. The plasmids of invasion of Shigella sonnei (strain NR478)-pSS120::Tn5,
Shigella flexneri (strain M25-8)-pSF140::Tn5, of persistention (pOR95), of antilizocyme activity
(pAlz22110) and mycrocynoproduction were transfered to the initial rifampicin resistant strain
TSHA-91, which enabled us to observe the influence of every plasmid over the change(positive or
negative) of pathogenic potential (adhesive and penetrance activity) and resistance to the
activities of the factors of intracellular protection of the plant-host (plasmids poR95, pAlz22110
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and microcynoproduction).Of the particular interest for the following experiments are the srains
containing plasmids of persistention, which determine the potentially of prolonging its
intracellular existing and stabilisation of positive influence on the plant productivity and also
strains having plasmids with antilyzocyme activity, which are able to relieve the penetration of
the strain-carrier through heavy polysaccharides containing cover structures of plant root system.
It was shown that Klebsiella planticola TSHA-91 strain, and also the varieties constructed on its
basis are characterized by the adhesion-capability and the invasion into the plant which was for
the first time defined for the representatives the Klebsiella variety. We have shown the ability
of TSHA-91 strain and its varieties not only to penetrate inside the cell but to disseminate in
different-vegetative organs of plants. Klebsiella planticola TSHA-91 strain and its varieties,if
the existence of pathogenic factors, typical for Enterobacteria, is controlled, never show
pathogenity towards animal cells. Furthermore, the strain did not contain a plasmid with the
molecular weight from 1.0 to 140 MegaDalton, i.e. it was nit potentially able to the specific
adhesion into epiteliocites.
It is interesting to note that the inoculation of Klebsiella planticola TCHA-91 strain of cucumber
plants increased its yield to 21% - 46%.
The final aim of our studies is to create the highly effective biofertilizer for non-legume plants
which could at least partially substitute mineral nitrogen that is essential for providing
ecologically pure production in the conditions of biological agriculture.
Literature Cited.
(1) Humphreys G.O., Willshaw E.A. and Anderson E.S. 1975. A simple method for the preparetion of
large quantities of pure plasmid DNA. Biocim. Biophys. Acta. 383:457-463.
(2) Kado C.I. and Lin S.T.1981. Rapid procedure for detection and isolation of large and small
plasmids. J. Bacteriol. 145:1365-1357.
(3) Southern E.M. 1975. Detection of specific sequences among DNA fragments separated by gel
electrophoresis. J. Mol. Biol. 98:503-517.
(4) Thomas-Bauzon D., Weinhard P., Villecourt P. and Balandreau J. 1982. The spermosphere model.
1. Its use in growging, counting and isolating N-fixing bacteria from the rhizosphere of rice.
Can. J. Microbiol. 28:922-928.
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EFFECT OF MANAGEMENT PRACTICES ON BIOLOGICAL N2 FIXATION: AN
ATTEMPT TO QUANTIFY ROOT CONTRIBUTION IN ALLEY FARMING
N. Sanginga1, S.K.A. Danso2 and F. Zapata2
'International Institute of Tropical Agriculture, PMB 5320 Oyo road Ibadan, Nigeria,
international Atomic Energy Agency Soils section Joint FAO/IAEA division 5
Wagramerstrasse, A-1400, P.O. Box 100 Vienna, Austria.

Alley cropping is being widely tested in the tropics for its potential to sustain adequate food
production with low agricultural inputs, while conserving the resource base. Fast growth and
yield of nitrogen-rich foliage by hedgerow trees depend greatly on their symbiotic nitrogenfixing ability. Data on quantification of biological nitrogen fixation (BNF) by hedgerow trees
show that some tree species such as Leucaena leucocephala, Gliricidia Sepium and Acacia
mangium can derive between 134 and 274 kg N ha"1 yr' from atmospheric N2 while species
such as Faidherbia albida and A. Senegal fix less than 20 kg N ha"1 yr'. These estimates
were obtained with conventional and non conventional methods developed for annual
legumes. The long-term evaluation of the N2-fixing potential and actual amounts of N2 fixed
in a given tree however raises problems that are associated with the perennial nature of those
plants e.g. massive size, long duration of growth, great difficulty in obtaining the reference
crops, and representative sample for measuring N2 fixed. Strategies for obtaining
representative sampling (as against the whole destructive plant sampling), the selection of the
appropriate reference plant have been examined and preliminary data discussed. However,
little is known on the effect of practices such as tree cutting or pruning and residue
management on BNF and subsequent N contribution in alley farming. Our recent data using
the '5N labelling techniques have indicated that in contrast to grain legumes, some 50% or
more of the tree's nitrogen may be below ground after pruning. This may well be an
underestimate because root turnover which can be extremely high was not measured. In this
case, quantification of N2 fixed that disregards roots, nodules and crowns would result in
serious errors and the proportion of N2 fixed may be largely underestimated. Severe
prunings of L. leucocephala resulted in the death of approximately half of the nodules in
subsequent 3 weeks. Timing and severity of pruning may allow for some management of
underground transfer of fixed N2 to associated crops. Large quantities of N are harvested
with hedgerow prunings (> 300 kg N ha"1 yr1) but N contribution to crops is in the range
of 40 - 70 kg N ha"1 season. This represents about 30% of N applied as prunings. Other
sources by which N is lost and gained and are unnaccounted for in alley farming systems
include denitrification, volatilization, leaching, N retained in soil organic matter or recovered
by hedgerow trees and N contributed by root (e.g. senescence or exudates) and nodule
turnover especially after the trees have been pruned. Below ground contribution (root
turnover and nodule decay) is estimated at about 25 kg N ha"1 season'. Current research
projects based on 1SN labelling techniques or "N natural abundance are outlined. These
would lead to estimates of N2 fixation and N saving resulting from the Management of N2
fixation in alley farming.
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R. Gutierrez and Y. Espinoza. Centro Nacional de Investigaciones
Agropecuarias FONAIAP Apdo postal 4653, Maracay 2101, Venezuela.
Introduction. In Venezuela around 120,000 ha are cultivated with rice. Its
average yield is 3,800 kgha , which is enough for National consumption. To
support this yield, high amounts of fertilizer are applied into the soil. The
nitrogen is the element used in Major proportion, but only 30-40% of nitrogen
applied is taken to the crop. For that reason, it is of interest to find out ways
to decrease or replace conventional nitrogen fertilizer in Venezuelan rice.
Sources of nitrogen for lowland rice and other flooded crops include the AzollaAnabaena associations. Azoila is a small fern whose members contain a nitrogenfixing cyanobacteria, Anabaena azollae.
According to Watanabe et al (1981) and
Becking (1985), under optimal conditions the association could be producing of
300 to 600 kg N ha year ; under field conditions where Azoila was used like
green manure to rice, 25 to 50 kg N ha was estimated (Tran and Dao, 1973; Fiore
and Gutbrod, 1985). Azoila has been used as a biofertilizer in asiatic countries;
however, there are huge differences between production system and environment
conditions in these countries and the tropical ones. This points out for more
research to evaluate this kind of association be used as biofertilizer in
Venezuelan rice crops. Experiments under greenhouse conditions were carried out
to determine growth and nitrogen fixation rates and phosphorus requirements in
Azoila spp indigenous.
Materials and Methods. Since 1992, Azoila accessions were collected in poor
drainage areas, irrigations system, rice fields, rivers and ponds in Venezuela.
Observations about soil and water samples (0 to 20 cm) for chemicals analysis,
general characteristics of the area, fern color and associated vegetation were
recorded. Taxonomie identification of each collection was carried out through
study of plant morphological features and the details of the fruiting body of the
plant (Payawal and Demacale, 1991). Also, fourty six accessions were growing in
free nitrogen media during a week to obtain propagules of uniform vigor, after
that, they were planted in pots (95.033 cm in the top) containing free nitrogen
media and were located in a greenhouse under completely randomized design with
four replications. The media was renewed every 3 days. The harvest biomass was
done when surface pot area was 100% covered. Dry weight and total nitrogen was
determined. The phosphorus requirements were studied in greenhouse conditions,
where ten accessions of Azoila inoculum were grown in free-P culture medium, to
obtain uniform propagules. After 8 days, 0.5 g of fresh weight was sown in pots
containing nutritive solution without nitrogen and different levels of P supply
(0, 0.5, 2.0, 4.0, 8.0, 16.0 mg P I/1). The media was renewed every 3 days. A
randomized completely design was used, with four replications. The biomass was
harvested when one of the treatments reached 100% cover. Nitrogen, phosphorus and
chlorophyll were determined.
Results and Discussion. Fifty three accessions were collected in the whole
country. They presented a productivity ranking from 215 to 1340 kg dw ha , and
their nitrogen content were from 15 to 40 kg N ha . The found field yield was
less than the one reported by Becking (1985). The correct identification of
species has been done in 29 accessions, 25 of them belonging to A.
filiculoides
and 4 to A. mlcrophilla.
The rest of the collection has been tentatively
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identified, because under on a greenhouse conditions some Azoila accessions did
not produce sporocarp. The evaluation of growth rate, nitrogen fixation rate and
doubling time of biomass in the collected accessions showed statistical
significantly differences. When they are analyzed together using a Cluster
classification, four classes according its potentiality were found (table 1). The
phosphorus content in Azoila increased with P concentrations varing from 0 to 16
ppm in all accessions. For phosphorus level higher than 4 ppm in medium, The
growth did not increase significantly, indicating a luxury consumption of
phosphorus. Similar observations have been made by Watanabe and Ramirez (1990).
The threshold phosphorus concentration in dry matter, of A. filiculoides
and A.
microphi 1 la according to yield, nitrogen fixation and chlorophyll, appeared to
be 0,4 to 0,8% (Figure 1).
Table 1.

Classification of the potentiality of native collections
of Azoila
spp.

POTENTIALITY
CLASSES

Pifire 1:

GROWTH RATE
(mg g day )

DOUBLING TIME
(days)

NBF RATE
(mg N g'1 day"1)

HIGH

231 - 239

2.90 - 3.02

10.25 - 13.79

MEDIUM

222 - 229

3.02 - 3.12

10.00 - 13.42

LOW

213 - 221

3.13 - 3.34

9.26 - 11.71

VERY LOW

204 •- 212

3.25 - 3.4

8.85 - 12.62

Relationship between Azoila yield and P
concentration* In the media (Qroup 2)

Relationship between Azoila yield and P
concentration* In the madia (Qroup 1)

y - -0.036 •! 5I9X -2.639X * I 324X*
0.24

I
0.1»

I
;

012

0.00
0.

Literature cited.
Becking,J.(1985).Nitrogen fixation by the Azolla-Anabaena
azo 1 lae symbiosis. In
the role of isotopes in studies on nitrogen fixation and cycling by blue-green
algae and Azol la-Anabaena azollae association. IAEA TECDOC-325:9-20.
Payawal,P. and R. Demacale (1991). Population growth of selected Azoila hybrids
grown on Lahar-contaminates soil.The Philippine Agriculturist 74(4):499-501.
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Azolla Biofertilizer Technology for Sustainable Rice
Farming
S. Kannaiyan. Department of Agricultural Microbiology, Tamil Nadu
Agricultural University, Coimbatore - 641 003 Tamil Nadu, India
Introduction. Azolla is a free-floating water fern that floats in water and fixes atmospheric
nitrogen in association with the introgen fixing cyanobacterium Anabaena azollae. Azolla is used
as biofertilizer for wetland rice and it is known to contribute 40-60 kg N/ha per rice crop (2).
Within 3-4 weeks period Azolla could multiply and produce biomass ranging from 3-6% on dry weight
basis. Azolla microphvlla is tolerant to higher temperature of 38 +1°C / 25+-TC day/night cycle
and used as biofertilizer for rice (4).
Materials and Method. A simple nursery method for large scale production of Azolla in the field
has been envolved for easy adoption by the farmers. Rice field was selected for Azolla nursery and
thoroughly prepared under flooded condition and leveled uniformly. The field was divided into one
cent plots (20 x 2 m size) by provinding sulfatable funds and irrigation channels. Ten kilos of
fresh cattle dung was applied and A. microphvlla fresh phosphate at 300 g was applied as top
dressing fertilizer to Azolla. Biomass of Azolla was harvested 15-20 days after inoculation. A
newmethod for the preparation of Azolla sporocarp inoculum was also developed. Well sporulated
fronds of A. microphvla were harvested after four weeks and formed a heap with flat surface. One
hundred kilos of sporulated fresh fronds of A. microphvlla formed one heap. The heap was then
covered with a thin layer of clay soil slurry (20%) and allowed to undergo decomposition for a
period of 3 weeks. After 3 weeks the heaps were removed and dried well under shade for a week
period. The dried sporocarp incoculum was stored in gunny bags and tested for their viability.
Dried sporocarps were pre-soaked with 50 ppm GA3 for 12h and tested for germination and
fertilization. Isolation of the algal symbiont Anabaena azollae from the megasporocarp of A.
microphvlla was standardized and A. azollae was inmovilized in polyurethane foam and tested for
its ammonia exeretion. Inmobilized A. azollae was inoculated in rice seedlings and tested for its
effect on seedlings growth. Field experiments were conducted during wet season with IR-50 and CO43 rice variety and evaluated the response of rice crop to Azolla biofertilizer. Azolla species
viz A. micrphvlla. A. filiculoides and Sesbania species Viz. S. rostrata and S. aculeata were
incorporated basally at 20 t/ha with and without urea supergranulate (USG) at 100 kg N/ha.
Biofertilizaer value of Azolla and Sesbanania was assesed by recording the grain yield of rice.
Results and Discussion. The addition of cattledung to the flooded rice soil system has been
reported to increase the growth of Azolla (1). The use of cowdung and cattle shed water have shown
to increase the growth rate of Azolla during the winter season. Fresh cattle dung and split
application of single super phosphate have stimulated the growth of A. microphvla and produced
fresh biomass of 100-150 kg/plot. The decomposed and well dried frond materials with sporocarps
are called "Frond based dried spore inoculum". The sporocarps of A. micrphvlla were able to
survive for 3 years but the survial rate have gradually declined on second and third years(3).
Pre-soaking the dried frond based sporocarp inoculum in GA3 at 50 ppm have stimulated the
germination and fertilization. Pre-soaking the dried sporocarps when allowed for 12h incubation
absorbs the water content and sporocarps swells well. This state of pre-soaking generally activate
the germination of the sporocarps and the growth promoting effect of GA3 might activate the
germination. Algal symbiont Anabaena azollae was isolated and the addition of biotin and
pantothenic acid stimulated the growth and heteweyst frequency of A. azollae polyurethane foam has
served as good solid matrix for inmobilization of A.azollae. Rice seedling inoculated with
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inmobilized A.azollae have shown active and vigorous growth. Inmobilized A. azollae excretes
ammonia continuosly and thereby increasing the growth of rice seedlings. Deep placement of urea
super granule(USG) and inoculation with A. microphvlla have increased the grain yield of rice. The
use of neem-Azadirachta indica cake and Azolla application with fertilizer nitrogen increased the
nitrogen use efficiency in rice.
Acknowledgement. The financial assistance extended by the Department of Biotechnology, Ministry of
Science and Technology, New Delhi is acknowledged.
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(1) Kannaiyan, S. 1991. Azolla - Anabaena symbiosis. A potential biofertilizer for rice. Biodiget,
4(5):21-31.
(2) Kannaiyan, S. 1992. Effect of Benlate and Rhizoctonia interactions on the growth, clorophyl
content and nitrogen fixation in three species of Azolla South African J. Bot 58(4):292-295.
(3) Kannaiyan, S.and R.Shanmugasundaram. 1992. Azolla soorocarp Production technology for rice.
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Flood Tolerant Legume Green Manure for Sustainable
Rice Production in Sri Lanka
S.A. K u l a s o o r i y a l , G. Seneviratnel, I.M. S a m a r a k o o n l and W . L .
W e e r a k o o n 2 . Department of Botany, University of Peradeniya, Sri Lanka'.
Department of Wildlife Conservation, Colombo, Sri Lanka2

Introduction. With the escalation of fertilizer prices and due to the concern for environmental
pollution, the search for natural, N-rich, organic fertilizers have become imminent. This paper
reports on studies conducted in Sri Lanka on flood tolerant species of Sesbania as green manure
for sustainable, wetland rice cultivation.
Materials & Methods. Growth and nitrogen fixation of Sesbania rostrata after its initial
introduction to Sri Lanka was assessed in 2m x 3m field plots in comparison to indigenous
S.speciosa and S. aculeata, under flooded and non-flooded conditions, in the wet zone. Year
round growth of S. rostrata and S. speciosa in rice fields was studied in the dry zone where rice
is predominantly grown. Nitrogenase activity was measured by both acetylene reduction and in
situ "N dilution technique using Hibiscus esculentes as the reference plant. Decapitation of
young plants was tested as a method to overcome early flowering in S. rostrata and prolong its
vegetative biomass production. Weed suppression by S. speciosa was examined under different
planting densities during a 90-day growth period in rice fields. While decomposition of Sesbania
green manure was studied by burying litter bags in rice fields, 15N - labelled material was used
to assess N recovery by rice from soil incorporated Sesbania green manure. The effect of this
green manure on yield of rice was evaluated in 4m x 5m field plots in comparison to and in
combination with urea fertilizer.
Results and Discussion.Initial experiments in the wet zone indicated that S.rostrata showed
better growth and higher nitrogenase activity than S.speciosa, while S.aculeata performed very
poorly. All the species grew better under flooding, by the production of massive aerenchymatous
roots, but this difference became less significant in the wet season. Year round growth in the
dry zone showed that biomass production by S. rostrata and S. speciosa was higher from April
to August, when the day length is > 12 h, whereas it was much less during September to March
when the day length is < 12h.
These differences were not so pronounced in plants grown under continuous flooding in the wet
zone. Thus, results from field experiments conducted in separate locations during different times
of the year, are not strictly comparable and often lead to difficulties of interpretation. Acetylene
reducing activity by S.aculeata, S. rostrata, S. sesban and S. speciosa ranged from 832 to
17,005 /tmolC2H4 plant V with S. rostrata registering the highest values, which were 17 times
that of the other species. Ndfa values measured by the "N dilution technique were 62 & 55%
for S.speciosa and S. rostrata respectively, equivalent to 19 & 13 kgN ha'. These values are
very low compared to those reported by Pareek et al (1990) and Rarivoson and Ladha (1992),
perhaps due to the experiments being done during the short day periods of November-.December
when the plants show poor vegetative growth. Decapitating young plants that stmiuMe^mproved
biomass production and increased nitrogenase activity.
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Estimation of weed suppression by S. speciosa ranged from 10 to 88% as the planting density
was increased from 9 to 71 plants m2. While green manure biomass increased from 295 to 1395
gm2 as the planting density was increased, the leaf to stem ratio in the plants decreased from
0.38 to 0.22. Based on these data, a planting density of 30 m2 could be recommended to have
optimal weed suppression, biomass production and leaf:stem ratio. S.speciosa buried in the soil
decomposed faster than S. rostraia. Recovery of N from 1SN labelled, soil incorporated Sesbania
green manure in rice straw, was significantly higher from S. speciosa than from S. rostrata. As
5. speciosa releases its N rapidly, it promotes vegetative growth of rice when incorporated into
soil as a basal dressing. This results in higher N accumulation in the straw than in the grain.
While S. speciosa and S. rostraia green manure applied for wet zone rice resulted in grain yields
equivalent to the addition of 90 kgN na"1, S. rostrata green manure produced higher grain yields
than S. speciosa in the dry zones when applied together with moderate levels of chemical N
fertilizer.
These studies clearly show that flood tolerant legume green manure is an ideal source of natural
fertilizer adaptable to low input rice production. Synchronization studies between N-release by
Sesbania green manure and N-uptake by rice are warranted in order to formulate
recommendations for the judicious, combined use of green manure and chemical fertilizer so as
to obtain sustainable high yields.
Literature Cited.
Pareek, R.P., Ladha, J.K. & Watanabe, I. 1990. Biol. Fertil Soils 10:77-88.
Rarivoson, G. & Ladha, J.K. 1992. Biol. Fertil Soils 13:74-78.
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PRODUCTION OF RHIZOBIUM INOCULANTS FOR Phaseolus vulgaris IN
CUBA

G. Hernandez, A. Gonzalez, V. Toscano, M. Sanchez. H. Vazquez,
J. Guzman, N. Almaguer and V. Marrero
Laboratório de Rhizobiologia, Estación Experimental de Suelo
"La René", Quivican, La Habana, Cuba.

INTRODUCTION
The common bean is the principal food legume of more than 500
million people in Latin america and Africa. For more than 100
million of them it is the leading source of dietary protein (FAO,
1984). Soil fertility is a primary constraint to bean production in
many developing countries. It is estimated that 28% of the soils
planted to bean in Latin America have very low N availability
(CIAT, 1988) . Common bean is sown all through the Cuban Island, but
the more important production area is found in the western, Central
and Eastern parts of the country. Nitrogen has been found to be the
most limiting factor in bean production. The use of efficient
strains of Rhizobium for inoculant production seems to be an
alternative solution. In this study, some results are presented on
the selection and evaluation of Rhizobium strains under various
enviroment and the production of inoculants in Cuba.
MATERIALS AND METHODS
Strains were isolated from nodules and soils from different
sites of Pinar del Rio, La Habana, Matanzas, Ciego de Avila, and
Holguin. Two hundred strains were isolated. Their efficiency was
evaluated in greenhouse conditions. An experimental design with
different treatments: Without nitrogen, without inoculant (-N) ,
without inoculants and high level of N (+N) , and with Rhizobium
inoculant and 25 Kg/ha of nitrogen as starter was established
according to a random block design with 4 replicates, and it was
conducted for all (3) years in the Provinces of Pinar del Rio,
Matanzas and Holguin. Response to treatment was evaluated by
measuring nodule dry matter, above ground dry matter, and total
nitrogen during the development stage (R5). Yield was measured
according to the strains efficiency in each environment (R9) The
first two strains compared with the (+N) treatment were evaluated
in the field for 3 years. Once their efficiency was tested, the
technology for incoluant production was establisched at a pilot
plant level. Afterwards the scaling up process was carried out.
Currently sterile Cuban peat moss with 2 years of environmental
fermentation is used as support for the inoculant.
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RESULTS AND DISCUCCION
Control (-N) treatment was inferior in dry matter production,
as compared to the other treatments in all growin locations.
Nitrogen consumption followed a similar response. (See Table 1) . In
Pinar del Rio Province, yield with inoculation treatments was just
lower than that with the (+N) treatment. In Matanzas Province it
was the opposite. As for Holguin Province only Hgb and NFK strains
proved better than (+N) treatment.
Table l. Nitrogen harvest and grain yield of strains and N
treatments in three regions of Cuba in common bean cv BAT 58.
Treatment
Or Strain
PR**
M
-N
+N
R Ton
Scr
Ul
Gf
NFK
C899
CFLI

-N
+N
2bIV
6bIV
9bIV
11BIII
12BIII
C899
Ul

Harvested

N
H
-N
+N
Biol
B-3
U-l
HGB1
NFK
C899
CF1

PR
18
49
43
44
43
45
46
45
49

M
Kg/ha
26
42
46
34
38
34
36
53
38

Grairi

H

PR

12
63
51
53
53
55
39
53
49

* As compared to +N
** PR= Pinar del Rio, M= Matanzas,

0.6
1.5
1.2
1.3
1.2
1.3
1.3
1.2
1.3

Yield

M
Ton/ha
0.8
2.3
2.9
2.6
2.6
2.7
2.6
2.6
2.4

H

Relat ive Yield*
PR

M

H
%

0.8
1.7
1.7
1.2
1.3
1.9
1.7
1.5
1.6

40
100
86
92
85
82
88
80
86

34
100
125
115
113
116
115
114
107

47
100
99
70
80
110
102
91
97

H= Holguin.

The strains bringing about a higher grain yield were taken to
the field to obtain further evidence. A 13 ha area was chosen for
such purpose. In all surveyed agricultura: conditions, inoculation
treatments have been found more effective than (+N) treatments.
This speaks out for the efficiency of the strains used in the
inoculantes.
During 1988 only 3 ton of inoculant were applied to common
been, four years later, During 1992-93, 60 ton of inoculant were
used, which allowed a saving of 2.7 million dollars due to the
reduction of 16,000 ton in the use of urea.
REFERENCES
Food and

Agriculture Organization 1984. Food balance sheets, 19791981. FAO Rome.

Centro Internacional de Agricultura Tropical 1988. Bean Program
annual report, CIAT, Cali, Colombia.
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Nitrogen Fixation of Common Bean (Phaseolus vulgaris L.)
Cultivars at Different Levels of Available Phosphorus
D.P. Beck* and V. Vadez. Bean Program, CIAT, A.A. 6713, Call,

Colombia.

Introduction. Phosphorus is one of the main limiting factors for growth and N2 fixation of
common bean in Latin America (4). Development of P-efficient lines is well advanced, but
identification of lines also efficient in N2 fixation is also important as soils are frequently
deficient in both P and N. The efficiency of the bean-Rhkobium symbiosis is likely to affect
attempts to select for low P tolerance in bean lines under N-limiting conditions. The objective
of this study was to evaluate common bean genotypes with a known range of low-P tolerance
for ability to fix atmospheric N.
Materials and Methods. Experiments were conducted in the greenhouse using hydroponic
solution culture and a sand-alumina system to provide different levels of available P and in two
field soils with high P-sorbtion capacity. Twenty bean cultivars were selected with a range of
low-P tolerance, and tested for fixation (total N) under N-free conditions in greenhouse cultureand at low N in the field. Field soils, which contained very low populations of indigenous
rhizobia nodulating Phaseolus, and greenhouse hydroponic systems trials were inoculated with
a mixture of efficient rhizobia strains. N2 fixation was evaluated in the field using a difference
method with non-nodulating bean isolines as reference.
Results and Discussion. Genotypes exhibited contrasting ability to fix N2, in agreement wi h
previous findings (3,5). This was true at non-limiting levels of P as well as at low P. Some
genotypes exhibited high levels of N2 fixation, contradicting the belief that bean is a poor fixe \
Some genotypes were markedly limited in N2 fixation capacity by P deficiency. These resul'f.
emphasize the necessity to carry out selection for efficient N2 fixing genotypes under both low
and high P availability.
Genotypes differing in growth habit, phenotypic characteristics, and origin also differed
in the initiation and duration of the fixing period. Peak N2 fixation activity generally coincided
with flowering stage and remained high during pod-filling (1). Comparison with the nitrat"supplied control showed that most of the symbiotically fixed N was provided for pcd
development whereas nitrate favored vegetative growth. These results support evidence that
N2 fixation plays an important role in N supply for grain production (2).
The ability of some lines to fix increased amounts of N2 at low levels of P indicate thr.t
plant improvement to enhance N2 fixation under P-limiting conditions is possible.
Literature Cited.
(1) Hungria, N. and Neves, N.C. 1987. Partitioning of nitrogen from biological fixation ai d
fertilizer in Phaseolus vulgaris. Physiol. Planta. 69:55-63.
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(2) Kumarasinghe, K.S., Danso, S.K.A., and Zapata, F. 1992. Field evaluation of N2 fixation and
N partitioning in climbing bean (Phaseolus vulgaris L.) using 15N. Biol. Fert. Soils 13:142-146.
(3) Pereira, P.A.A. and Bliss, F.A. 1989. Selection of common bean (Phaseolus vulgaris L.) for
N2 fixation at different levels of available phosphorus under field and environmentallycontrolled conditions. Plant Soil 115:75-82.
(4) Pereira, P.A.A., Burris, R.H., and Bliss, F.A. 1989. 15N determined dinitrogen fixation
potential of genetically diverse bean lines (Phaseolus vulgaris L.). Plant Soil 120:171-179
(5) Thung, M. 1990. Phosphorus: A limiting nutrient in bean (Phaseolus vulgaris L.) production
in Latin America and field screening for efficiency and response. N. El Bassam et al., (Eds.).
Genetic aspects of plant mineral nutrition, pp. 501-521. Kluwer Academic Press, The
Netherlands.
(6) Wolyn, D.J., Attewell, J., Ludden, P.W., and Bliss, F.A. 1989. Indirect measures of N2
fixation in common bean (Phaeolus vulgaris L.) under field conditions: The role of lateral root
nodules. Plant Soil 113:181-187.
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Biomass Production and BNF Responses to Low Phosphorus
Conditions by Leguminous Crops
K. Fujita, J. J. Adu-Gyamfi*, D. Yoshizawa and I. Chaudhary. Department of

Applied Biological Science, Hiroshima University, 4-4, l-Chone, Kagamiyama,
Higashihiroshima, 724 Japan. Soil Research Institute, Academy Post Office
Kwadaso, Kumasi, Ghana.
Introduction. Since interspecific and cultivar differences in tolerance
to low phosphorus (P) conditions are known, many studies have been
concentrated on understanding the low P tolerance mechanism. The ability
of plants to tolerate low P conditions may be due to either (a) high P
absorption ability at low P concentrations and/or (b) efficient use of P
for biomass production and biological nitrogen fixation (BNF). A series
of experiments were conducted both in the field and the greenhouse to
study characteristics of low P tolerance in pigeon pea cultivar, in
terms of biomass production and BNF.
Materials and Methods. (A) Seeds of 8 pigeon pea (Cajanus cajan (L)
Millsp.) cultivars and a soybean (Glycine max (L.) Merr. cv. Tamahomare)
inoculated with appropriate Rhizobium were sown at a spacing of 25 x 50cm
in concrete frames (9.0mx5.0m) including Granite Regosol in the field
of Hiroshima University. Four P levels 5, 25, 100 and 200kg P ha"' as
superphosphate were applied prior to planting. Data on plant part dry
weight, nitrogenase activity and P contents etc. at different growth
stages were collected. Nitrogenase activity was assayed by the acetylene
reduction method (Hardy et al., 1968). P content was determined by the
spectrophotometry. (B) Similar experiment as (A), except that aluminum
phosphate and superphosphate (50kg P ha -1 ) were applied as the
treatments and a pigeon pea and soybean cultivars were used. Data on
similar parameters as in (A) and Al contents at 98 days after planting
were collected. Al content was determined by the atomic absorption
spectrophotometry (Hitachi 170-70 type). (C) A pigeon pea and soybean
cultivars were hydroponically grown with N free nutrient solution. Well
nodulated seedlings were subjected to 50ppm Al as AlsfSO^la. Fourteen
days after the treatment, similar parameters as in (B) were studied.
Results and Discussion. Cultivar differences in P uptake, accumulation
and utilization have been observed in pigeon pea. The amount of P
required to achieve maximum biomass production was less in pigeon pea
than soybean (A). In pigeon pea, biomass production varied among
maturity groups, and was correlated with P absorption ability rather
than P utilization efficiency. The low P absorption ability of the early
maturity cultivars was mainly due to poor root development.
BNF decreased with decreasing P amount applied and the extent of
the decrease varied among pigeon pea cultivars (A). The changes of BNF
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were mainly due to nodule weight than specific nodule activity. The
nodule weight was not significantly correlated with its P concentration,
however it had significant correlation with leaf weight and P
concentration. For example, at the low P rates (below 25kg P h a - 1 ) , BNF
was lower in the early than the medium and late maturity cultivars of
pigeon pea, although nodule P concentration was higher in the former.
These results suggest that the depression of BNF at the P deficient
level is mainly due to decreased photosynthates supply to nodules
through decrease in P supply to the leaf.
P is normally fixed by Al and Fe rendering it unavailable for crop
uptake under acid soil conditions. The ability of crops to absorb P from
these unavailable P forms has been suggested as one of the low P
tolerance mechanisms. BNF of pigeon pea was higher than soybean when Al
concentration of the culture solution was 50ppm (C). Pigeon pea absorbed
and accumulated higher amount of P than soybean when aluminium phosphate
was applied to the soil (B).
The efficient utilization of absorbed P is another important
characteristic of low P tolerant species. It is composed of (a)
translocation of P from roots to shoot and (b) assimilation of P in
plant tissues. 3 E P tracer experiment revealed that the medium maturity
pigeon pea cultivars translocated more P to the petioles and leaf blades
than the early maturity cultlvar under the low P conditions (2). More P
was accumulated in the stem of the early maturity cultivars. Thus the
ability of the stem to serve as a stronger sink for the translocated P
than the leaves under the low P conditions may hamper the distribution
of currently absorbed P to leaves thus reducing leaf growth and biomass
production. At low P rates, pigeon pea had higher proportion of
organic-P and lower soluble-P (mainly Pi) than soybean (1). They
suggested that pigeon pea utilized more efficiently the limited amount
of P absorbed by incorporating it into organic forms.
From these results, the following conclusions could be drawn: ®
Under the low P conditions, BNF is suppressed by Insufficient supply of
photosynthates rather than by P deficiency in nodules. © A low P
tolerance of legume can be characterized by high absorption ability of
P, its efficient translocation to leaf and incorporation into organic
forms.
Literature Cited.
(1) Adu-Gyamfi JJ, Fujita K, and Ogata S. 1990. Phosphorus fractions in
relation to growth in pigeon pea (Cajanus cajan (L) Millsp.) at various
levels of P supply. Soil Sci. Plant Nutr. 36, 531-545.
(2) Adu-Gyamfi JJ, Fujita K, and Ogata S. 1991. Competition for
phosphorus among plant parts in early and medium-duration cultivars of
pigeon pea (Cajanus cajan L.). Plant and Soil 136, 163-169.
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INFLUENCE OF SOME HERBICIDES ON THE SYMBIOTIC
NITROGEN-FIXATION IN SOYBEAN
R.Donkova*,
Bulgaria.

D.Chanova. Institute of Soil Science and Agroecology,

Sofia,

Introduction. Combined application of herbicides and bacterial preparations is
common practice in legume crops growing. In some references there are
contraversial data with respect to herbicides' effect on the symbiotic system
"bacteria-plant". The object of this study was to determine the influence of the
herbicides Agriflan, Pivot, MON 8448 on both components of the symbiotic system.
Materials and Metods. The direct effect of the Agriflan (24% trifluralin), Pivot (100
g/1 imazethapyr) and MON 8448 (840 g/1 acetochlor) on 2 Br.japonicum strains was
estimated in a laboratory experiment using the method of Dr.Bakalivanov. Four
herbicide concentrations in 10 replications were tested, coresponding to 0.4, 1.0, 2.5
and 10.0 fold doses recomended to be used in practice. Colonies' growth (their
diameter) within 7-day cultivation on yeast agar with and without herbicide were
determined.
A vegetation experiment was conducted on calcareous chernozem in pots, each one
containing 1.200 kg of air-dry soil. For all variants the background was composed of
200 mg P (as C a / r ^ P O ^ . ^ O ) and 100 mg K (as KCL) added to 1 kg of soil. S1346 cultivar was tested. Two plants in 7 replications were grown in each pot. Two
Br.japonicum strains (646 and 639) were studied. The herbicides were spread on the
surface in two doses - the one used in practice (n) and a 5-times increased one (5n)
preemergence, corresponding to n=0.79 mg/kg - Pivot, 2.37 mg/kg - Agriflan and
3.16 mg/kg - MON, and 5n=3.96 mg/kg, 11.85 mg/kg and 15.8 mg/kg respectively.
Soil moisture was maintained 60% of FWC. The soybean was harvested at full
ripeness stage. An estimate of bacteria's nodulation and nitrogen fixing activity
(C2H2 reduction metod) was made on the 30-th day after herbicide aplication.
Results and Discussion. In the tested concentrations Agriflan does not affect
negatively the growth of Br.japonicum colonies (Fig. 1).
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A negative effect of Pivot is found only at 10-fold concentration for the strain 646. At
concentration increased 2.5 times MON 8448 inhibits edonies' growth, the effect
being stronger in the 639 strain, and at 10-fold increased concentrations it inhibits
the growth completely. Under the effect of Pivot and Agriflan the strain 639 shows a
tendency for stimulation.
In normal concentration Agriflan and Pivot have no effect on the virulence,
nitrogenase activity of Br.japonicum strains, yield and protein content (Fig.2). The
increased concentrations lower, these characteristics, the negative effect being
pronounced more strongly in Agriflan. The 639 strain shows a higher resistence to
herbicide also in the symbiotic process.
Therefore, on calcareous chernozem Agriflan and Pivot do not affect negatively the
symbiotic nitrogen fixation in soybean, while use of MON 8448 proves to be
inexpedient.
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Effect of Inoculation with Sinorhizobium fredii and
Fertilization with Different Forms of Mineral Nitrogen upon
N2 Fixation and Soybean Production
S. Redzepovic*, S. Tucakovié, B. Varga and S. Sikora. Department ofMicrobiology,
Faculty ofAgriculture University of Zagreb, Croatia.
Introduction. In the last eight years, soybean has been planted in Croatia on ca 23 000 ha. An
increase of areas under soybean to 50 000 ha is planned. Being a developing country, poor in fossil
energy sources, it is of utmost importance to study the problems related to symbiotic nitrogen fixation.
Our so far investigations of these problems, which included the Hup + strains of Bradyrhizobium
japonictim indubitably point to the conclusion that the application of inoculation and low mineral
nitrogen quantities can bring about considerable economic effects. Besides, the ecological aspect of
these investigations cannot be disregarded in terms of reduced hazards due to the application of high
mineral nitrogen rates. The principal objective of these investigations is to test the efficiency of
inoculation with Sinorhizobium fredii and Bradyrhizobium japonicum (strain D344- refernce strain)
combined with the application of amide and ammonium nitrate nitrogen, as well as different
population densities and their influence on the soybean yield and yield components.
Materials and Methods. In two-year investigations, the soybean cultivar "Uskolisna-84" (PCH
Zagreb), maturing group 1, was used. A three-factorial trial was set up according to the randomized
split-block scheme with five replications and the following factors: I. inoculation of soybean seed
(check- without inoculation, Sinorhizobium fredii, Bradyrhizobium japonicum- strain D344); II.
mineral nitrogen fertilization (check - without nitrogen, 110 kg/ha amide nitrogen, 110kg/ha
ammonium nitrate nitrogen, III. population density (55 plants/m-, 80 plants/m-). During the trial,
standard methods were used to determine the number and mass of nodule dry matter, seed yield, as
well as the protein and oil contents in soybean seed
Results and Discussion. A low number of nodules per plant was determined in the first investigation
year, which seems to be a result of a long drought period. Of all the factors studied, only fertilization
with different forms of mineral nitrogen had a significant effect on this property (P=5%). Plots on
which ammonium nitrate nitrogen was applied rendered a significantly lower number of nodules per
plant. In the second investigation year, a significantly higher number of nodules was recorded in
inoculated variants relative to the check, uninoculated, variants (P=l %), whereas the differences
between inoculated plots were not statistically significant A significantly lower number of nodules per
plant was determined at the higher population density (P=l %). Significantly lowest values for the
number of nodules per plant were determined when the amide form of nitrogen was applied while no
statistically significant differences were recorded between the amonium nitrate form and the check. In
both investigation years, no investigated factor had a significant effect on the nodule dry matter mass.
However, in the first and second investigation years, the nodule dry matter mass was significantly
lower in uninoculated treatments than in the inoculated ones, in 1988, the highest values were
recorded with the application of Bradyrhizobium japonicum - strain D344, whereas in 1989 the
largest mass of nodule dry matter was determined with the Sinorhizobium fredii application. As
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regards the application of mineral nitrogen , the largest nodule dry matter mass was obtained on plots
where mineral nitrogen fertilization was omitted, which was particularly expressed in the second
investigation year. Low yields were obtained in the first investigation year A statistically significant
effect of inoculation on the yield achieved was determined at P=5%. The highest yield was achieved
by seed inoculation with Smorhizobium frcdii. The obtained yield is significantly higher only relative
to the uninoculated plots whereas the differences between inoculation with B. japotiicum (strain
D344) and S.fredii were not statistically significant Population density and fertilization with different
nitrogen forms had no significant effect on the soybean seed yield. In contrast to the first year,
inoculation did not significantly affect soybean seed yields in the second investigation year. A
significantly higher yield was achieved at the population density of 80 plants/m2 that at the density of
55 plants/m2. The highest yield was obtained with the application of the amide form of nitrogen. The
factors studied had no significant effect on the quality of soybean seed (protein and oil contents)
These results point to the conclusion that inoculation is expressly conditioned by the ecological factors
of the trial microlocation, thus confirming the fact that these investigations should be continued for
each discrete region of the Republic of Croatia so as to be able to choose the most efficient strains of
soybean symbiontes and define the mineral nitrogen fertilization.
Literature Cited.
(1) Gibson,AH. and Harper,J.E. 1985. Nitrate Effect on Nodulation of Soybean by Bradyrhizobium
japonicum. Crop Science 25:497-501
(2) Papakosta,D.K., Veresoglou,D.S 1989 Responses of soybean cultivars to inoculation and
nitrogen application in Greece in fields free of Bradyrhizobium japonicum Zeitschnft fur Acker- und
Pflanzenbau 163:275-283.
(3) Redzepovic,S., Varga,B., Sikora.S., Heneberg,R. 1990. Effect of treating the seed with
microelements and different strains of Bradyrhizobium on yield of soybean Znan.prak poljopr.tehnol
20:41-47.
(4) Semu,E., Hume,D.J. 1979.Effects of inoculation and fertilizer N levels on No fixation and yields
of soybeans in Ontario. Canadian Jour, of Plant Sciences 59:1129-1137.
(5) Strunjak,R.,Redzepovic,S., Sikora,S. 1989. First experience in bactenzation of soybean with Hup"1"
strain of Bradyrhizobium japonicum in Yugoslavia. Poljoprivredna znanstvena smotra 54:125-135
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Diazotrophs, Rhizobium Promote Growth of Triticum spp.
S. K. Kavimandan, Antaryami Singh, S.K. Shivankar, Rita Singh and
Sangeeta Shegal, Division of Microbiology, Indian Agricultural Research
Institute, New Deli 110 012, India.
Introduction.
Nitrogen fixing bacteria and their activity
is sustained by the host plant. Compatibility of the dozotroph
and the host genotype determines the benefits which can be
derived by the plant. Soil and environmental
factors do
influence these effects. Wheat - T. durum and T. aest ivum
cvs. inoculated with rhizobia and other diazotrophs were
grown in Black cotton and a sandy loam soil in field, under
irrigated and rainfed conditions at two places.
Materials and Methods. Sandy loam soil (Ustchrept), IARI,
New Delhi. Four cvs. T.aestivum - C-306, PBW-175, HYB-65,
and N-4, were inoculated with Bradyrhi zobi urn j apon icum and
Rhi zobium sp. Ci cer, were grown in field, under rainfed
conditions. Basal dressing comprised of N40, P 40 kg. per
ha. Net plot size of 15 sq.M. and the treatments were suitably
replicated. In another experiment, T. ae st ivum - HI 1077,
CPAN 3004; T. durum - R a j . 1555, HD 4633, PDW 215, PDW 234
were inoculated with rhizobia and other diazotrophs. These
diazotrophs were obtained from three carbon medium (3) seeded
with dilutions of rhizosphere soils of wheat. Six, five meter
long
lines of each cv. with uninoculated
controls were
maintained. N50, P60 kg. per ha. was applied at planting.
Yield and N content of plants was determined by standard
methods.
Black cotton
(Chromustert) soil, Akola, Four T. aestivum
cvs. HD 2189, HD 2380, MACS 2496, DWR 162 were inoculated
with B. j apon i cum and R.s_p_. Cieer. N40 (in two equal splits),
P60 and K40 kg per ha. was applied and the crop was irrigated.
Results
and
Discussions. Among
the four T.aest ivum cvs.
acclimatized to rainfed conditions, in case of wheat cv.
PBW 17 5 increase in grain yield of 22 and 28% was obtained
due
to
inoculation
with
B.
j aponicum
and
I*.sp_. Cicer
respectively over uninoculated
control. About 8% increase
in grain yield of wheat cv. C-306 was obtained due to
inoculation
with
B.j apon i cum. Under
irrigated
conditions
beneficial
effects
of
various
diazotrophs
were
evident.
Increase in grain yield of wheat cvs. PDW 234 - with two
strains of Rhizobium sp. F-7 5 and 43 Kan; R a j . 1555 - with
C-5 , R-15, HD 4633 - C-6, 8 and 25. T. aestivum cv. HI 1077
responded to seed inoculation with diazotrophs - CI,3 and
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10. Other cvs. failed to respond to bacterial inoculations.
All the four T. aest ivum cvs. grown in Black cotton soil,
favourably responded to rhizobial inoculations. B. j aponicum
strain was more effective in increasing yield (10-38%) than
R.s_p_. Cicer (7-22%) of wheat at Akola.
N content of these plants is being determined.
Among the ten T .aest ivum cvs. grown in these experiments
HYB65,
N4, CPAN3004
failed
to
respond
to
bacterial
inoculation. While all the wheat cvs. grown in Chromustert
showed positive effects of bacterization. Four T. durum cvs.
responded to inoculation with diazotrophs.
Rhizobial inoculation enhanced grain yield upto 38%. Maximum
increase in grain yield of cv. HD 4633 of 76% was obtained
due to bacterizat ion with a rhizospheric diazotroph C-8.
The results obtained in this study thus emphasize role of
plant genotype
nnd the diaztroph in harnessing atmospheric
nitrogen. Emtsev (1990) observed that hexaploid genome as
an optimum requirement for biological nitrogen fixation in
rhizosphere. However, the tetraploid wheat do derive more
benefits of such bacterizat ion, in agreement with our earlier
observations (1). Further, the results indicate possibility
of discovering new diazotrophs to meet the nitrogen needs
of wheat.
References.
1. Choudhury, A. and Kavimandan S.K. 1993. Chromosomal makeup in wheat and their response to Rhizobium. 6th Internatl.
Symp. on Biological Nitrogen fixation with Non-legumes,
Ismalia, Egypt, Sept 6-10, 1993.
2. Emtsev V.T. 1990. Effect of non-legume genotypes on
associative nitrogen fixation. Proc. 14th Internatl. Congr.
Soil Science. III. 28-33.
3. Rennie R.J. 1981. A single medium for the isolation of
acetylene reducing bacteria from soils. Can. J. Microbiol.
27: 8-14.
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The Use of 15N to Assess the Effect of Phosphorus on N2
Fixation and Transfer in Medic/Weat Crop Rotation and Mixture
Mohammed Ismaili, and K. EIAbbadi. Department of Biology, Faculte des
Sciences BP 4010 BeniMhamed, Meknes, Morocco.
Introdiction.
Crop rotation
including
legumes received
increased
interest
as it permits higher forage
and cereal
production
and
decreases inorganic N fertilizer
requirements,
thus reducing
the
cost of crop management(1).
Soil structure
is also
improved
and
erosion
reduced.
However, Phosphorus(P)
limits
production
of
legumes and its
addition
is required
to increase
biological
nitrogen fixation.
Soil N, Root development,
N mineralization
and
N immobilization
were affected
by crop rotation
systems.
Transfer
of N from legume to grass was demonstrated
. Description
of
the
isotope dilution
method and its
limitations
and problems
are
discussed
in review articles.
Our objectives
were to assess
the
effect
of P on different
cropping systems, quantify
the
beneficial
effect
of medics on subsequent wheat crop and to compare
mixtures
and rotations
of wheat and medics.
Materiels
and Methods. A greenhouse experiment was conducted in 20
1 pots filled
with well mixed silty
clay
soil
and sand in
the
P and 0.12 %N.
proportions
of 1/3 : 2/3. With 20ppm available
Before the study a wheat (1'riticxim. dxir-xim Karim) crop was grown in
60 pots in soil fertilized
with lOOg ammonium sulfate
enriched
with 10.43 atom %15N excess per 60 pots. At maturity
shoots
and
roots were harvested,
ovendried
and ground.
Total
dry
matter
collected
was 1670g and 1060g for shoots and roots
respectively.
Corresponding total N was 43.92 g (2.13 at.%15N ex.)
and 9.12 g
(1.86 at. %15N ex.) for shoot and root respectively.
The
resulting
weighted atom %15N excess of the mixed powder of root
and
shoot
was 2.08. The soils of all pots
were well mixed and the same
amount was added to each pot.
The mixed powder obtained
was
equally distributed
between all
pots
as an additional
organic
source of 15N. The study was comprised of four P
treatments(added
at each crop): PO (unfertilized),
PI (400mg P205/pot) P2 ( BOOmg
P205/pot),
and P3 (1200mg P205/pot).
Five cropping
systems
were
compared: two monocultures,
two rotations
and a 50:50
mixture.
Wheat and medic (Medic ago tx-ancatula
Jemalong)
were seeded
to
finally
get 20 plants/pot
for all cropping systems.
This
operation
was repeated for 5 crops. Wheat and medic shoots
were
harvested
for all crops.
After
each of the first
three
crops,
before
seeding,
the top 15 cm of the soil were carefuly mixed avoiding
to
displace
the root litter
of previous wheat and medic. At the end
of the 4th crop, roots were also collected,
the soil
was sampled
then well mixed with ground roots and returned to the pots.
Dry
matter yield,
total N and at.
% 15N ex.
were determined.
The
analysis
of variance was performed and LSDO.05
calculated.
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Results and
Discussion.
Table 1. Effect of P and crop systems on Medic(M) and
Wheat(W):
M/M ; W/W are continous crops, W/M ; M/W are rotations,
and 50M ;
50W are mixtures.
%Ndfa and Transfer are given in
parentheses.

TREATS.

Dry
Shoot

M/M PO
M/M P3
W/W PO
W/W P3
W/M PO
W/M P3
M/W PO
M/W P3
50M PO
50M P3
50W PO
50W P3
LSDO.05

7.80
1.68
15.63
3.43
11.15
4.16
14.98
10.27
6.14
2.15
14.90
7.30
12.92
5.09
16.56
11.29
4.83
0.85
8.25
1.34
6.69
1.74
6. 96
6.96
1.57
1.45

Table

2 . N2

Treatments

PO
}'3

Wt.
Root

fixed

TN. i 'jng]
S
R
220
390
160
170
170
370
170
200
120
190
120
230
30
and

N2 Fixed(mg)
M/M
50M
73
245

39
134

22
48
31
70
27
90
32
74
13
19
12
49
10

i

CROP 5
at.
Root
0.208
0.183
0.255
0.242
0.193
0.228
0.215
0.211
0.153
0.145
0.206
0.173
0.032

transfer
i

0.035(55)
0.044(44)
0.078
0.078
0.039(50)
0.046(41)
0.031(60)
0.038(51)
0.037(53)
0.028(64)
0.037(53)
0.028(64)
0.013
after

N
M/W
121
140

Hi 15N
Soil

65
179

Shoot
0.241(30)
0.138(56)
0.342
0.317
0.247(28)
0.174(45)
0.299
0.310
0.244(29)
0.114(64)
0.310
0.170
0.010

five

Transf(mg)
50W

CROP 1
% 15N
Shoot

ex.

0.389(60)
0.306(67)
0.973
0.921
0.366(61)
0.319(66)
0.927
0.947
0.184(80)
0.142(85)
0. 903
0. 950
0.012

crops.

M/M
171
193

Soil
N
Uptake(mg)
W/W
M/W
50M
50W
160
170

49
60

81
56

55
51

The 15N was made available
to the plants from N mineralisation
of
wheat plant material and from soil.
This allowed
uniform
and
stable label. Medic and wheat in all
cropping
systems(continous,
rotated,
and mixed) were improved by P. Competition between
medic
and wheat was affected.P
favored medic which fixed
more N2 and
took up less soil N. Wheat was improved in mixture and in
rotation
by transfer
of N from the medic. In rotation
wheat did not
affect
the following medic. In mixture, medic and wheat took up less
soil
N than continous crops, and absorbed mainly fixed
N2. The mixed
medic accumulated N in the proportion
of 50% of continous
medic.
But at P3, mixed wheat accumulated more N than continous
wheat.
Fixation was sustained,
in rotation
and mixture,
at a
higher
level,
when P was high, and at a lower level,
when P was low.
(1) Roder, W., S.C. Mason, M.D. Clegg and K.R. Kniep.
1989. Crop
root
distribution
as influenced
by grain
sorghum soybean
rotation
and fertilization.
Soil Sci. Soc. Am. J.
53:1464-1470.
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The Fate and Use Efficiency of N as Sesbania rostrata
Green Manure and Urea in Lowland Rice Soil
T.K. Biswas 1 , S.K. De Datta 2 and D.K. Das1- Indian Agricultural
Research
2
Institute, New Delhi-110 012, India,
Crop and Soil
Environmental
Sciences, Virginia Polytechnic Institute & State University, Blacksburg, VA
24061-0334, USA

Introduction. Inadequate nitrogen (N) nutrition is the major nutritional constraint to
rice production and N is the plant nutrient most limiting in rice soils throughout the
world. Fertilizer N use efficiency is very low in lowland rice ranging from 20-40 %
recovery by crop (1). Inefficient fertilizer N use, high fertilizer cost in relation to price
of rice and increased concern for long term soil productivity and ecological sustainability
have recently led researchers to identify that Sesbania rostrata (Brem.) a stem nodulating
N2 fixing legume can best be a supplement to N fertilizer for lowland rice (2). Better
understanding of fate of applied N would, therefore, lead to development of best
integrated N management practices for lowland rice - n highly sought technology by
resource-scarce Asian farmers.

Materials and Methods. Field experiments were conducted in lowland rice soils using
15
N at the International Rice Research Institute (IRRI), Manila, Philippines (fine, mixed,
isohyperthermic, Vertic Tropaquept) inl987 and without 15N at Indian Agricultural
Research Institute, New Delhi, India (Typic Ustochrept) in 1991 to study the fate and
use efficiency of N as Sesbania rostrata and prilled urea applied alone or in combination
and hand point placed urea supergranule (USG) at 90 kg N ha1. For 15N study micropiot
technique was used in the field. Labelled Sesbania (grown in phytotron for 45 days) and
urea had 4.17 % and 4.7 % 15N atom excess, respectively.

Results and Discussion. Sesbania incorporated as basal underwent rapid mineralization
with a peak value at 21 days after transplanting (DT) of rice. In general NH4*-N in
soil declined sharply from 21 DT to 35 DT. In IRRI soil, rice recovered highest amount
(69 %) of 15N from USG treated plots while that of best split urea and sesbania
incorporation gave 51 % and 32 % 15N recovery, respectively (Table 1). Rice used
64 % of 30 kg urea N ha"1 top dressed at 5 days before panicle initiation (DBPI) in
addition to basal incorporated sesbania. Residual 15N in soil was significantly higher
with sesbania and urea-sesbania combinations (31-39 %) than that with urea alone (2122 %).
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Table 1. Balance of

15

N-labelled Sesbania and urea at harvest of lowland rice (IRRI).
15

15

N treatment

N lost (%)

N recovery ( :%)

1

Plant (Grain + Straw) Soil +Roots

(90 kg N ha )
Sesbania, basal*
Prilled urea (PU) b

(unaccounted for)

32 (18 + 14)

39

29

51 (32 + 19)

21

28

2/3 Sesbania + 1/3 PU

b

41 (26 + 15)

32

27

1/2 Sesbania + 1/2 PU

b

47 (28 + 19)

36

17

1/3 Sesbania + 2/3 PU b

48 (29 + 19)

36

16

68 (40 + 29)

22

10

USG, Point placed
LSD (0.05)
CV (%)

1

7 (4

4)

5

9

10 (9

15)

10

28

' incorporated 2 days before transplanting. b 60 kg N as PU, Sesbania or Sesbania +
PU incorporated + 30 kg N as PU topdressed at 5 DBPI. c at 10 cm depth at 2 DT
N loss with urea or sesbania alone (29 %) was substantially reduced (16-17 %)
with urea-sesbania combinations. 15N losses from USG was only 10 %. Grain yield
responses to N application reveals that sesbania generally substituted for 60 kg urea N
ha"1 in lowland rice in both the sites.
Results of the present study suggest that by changing N management practices
in lowland rice from urea alone to Sesbania rostrata green manure as supplementary
source to fertilizer N and USG placement, can not only cut down costly fertilizer N input
but also substantially improve its recoveries by soil-plant system.
Literature cited.
(1)

De Datta, S.K. 1986. Improving nitrogen fertilizer efficiency in lowland rice
in tropical Asia. Fert. Res., 9 : 171-186.

(2)

Ladha, J.K., R.P. Pareek and M. Becker.
1992.
Stem-nodulating
legume-Rhizobium symbiosis and its agronomic use in lowland rice. Adv. Soil
Sci., 20 : 148-192.
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Construction and Characterisation of NIF and GLN a
Linked Mutations of the N2- Fixing Cyanobacterium
Nostoc Muscorum
Anupam Dixit, Renu Srivastava and D.V. Amla*. Plant Biotechnology
Division, National Botanical Research Institute, Lucknow-226001 India
The

filamentous,

heterocystous

cyanobacteria

capable of converting atmospheric N_ into NhL

are

unique

microorganisms,

under photoautotrophic conditions

in highly specialized cells, spaced a t regular intervals, called h e t e r o c y s t s .
produced ^

vivo

by nitrogenase or

assimilated

from

the

NH.

external medium

is

metabolized and diverted to the biosynthetic pool for amination mainly by t h e
glutamine

synthetase

(GS) and g l u t a m a t e

synthase (GOGAT) pathway which in

turn regulate the expression of nii_ and het operons except for few specific modifying agents (Haselkorn, 1986; Dixit e t al., 1989) suggesting a close genetic linkage
of nif, het and gin genes in N-,- fixing cyanobacteria. To investigate the regulatory
role of GS and to isolate the derepressed strains of het and nif_ phenotypes of
the

N--

exploit

fixing

cyanobacteria,

the photoautotrophic

we a t t e m p t e d

potential

to construct

specific

mutants

of these organisms in nitrogen

to

economy.

Strains of Nostoc muscorum with impaired GS and resistant to Nl-L

repression

for heterocyst and nitrogenase were isolated as methylamine and ethylenediamine
(EDA)-

resistant

nitrogenase

phenotypes,

activity

nitrosoguanidine

was

while strain

isolated

as

(MNNG) t r e a t m e n t

with altered

heterocyst

rifampicin-resistant

and characterized

spacing

phenotype

with respect

and

following

to

nitrogen

metabolism and regulation of nif_ and het phenotypes.
The rifampicin-resistant strain (rif)
frequency,

nitrogenase

activity,

revealed higher growth r a t e , heterocyst

phycocyanin

pigment,

photosynthetic

rate

of

+

O , evolution and higher activities of phosphoribulokinase and F d - N A D P - oxidoreductase.

The heterocyst spacing pattern in rif_

strain was a l t e r e d due to deve-

lopment of paired and multiple heterocysts and like EDA m u t a n t s , the heterocyst
development did not respond to modifying agents which otherwise affected
heterocyst spacing p a t t e r n in wild type (Dixit and Amla, 1989).

the

In methylamine

resistant (met ) strain both het and nif_ phenotypes were not repressed with NH^
supplementation.

The level of GS activity and nitrogenase in

low as compared

to wild type but not affected

and other ammonical compounds.

this

by g l u t a m a t e analogue (MSX)
Compared to the wild type,

Km values for the high and low affinity transport system for NH^
eda

mutants

was a l t e r e d .

were

The photosynthetic 0 7 evolution of the met

strain was not affected by addition of methylamine.
and

strain

Methylamine

2JL2

supplementation

to

in the met
the

cultures

showed competitive

inhibition of NH.

the rate of inhibition was faster
(Dixit et^ a h , 1991).

transport

in both the strains, although

in the wild type as compared to met

strain

Several GS impaired strains of _N. muscorum were isolated

as EDA resistant phenotypes and categorized as edal e d a l and eda 3 on the basis
of having 70, 30and

10% GS activity of wild type.

The GS activity of EDA

mutants did not respond to MSX or EDA and were able to liberate NH.
tinuously into the medium without MSX t r e a t m e n t .

During NFL

con-

uptake, percen-

tage inhibition of O - evolution and changes in fluorescence intensity were low
in EDA strains compared to wild type.

|n vivo assessment of GS protein and

quantitative PAGE suggested that loss in specific activity of GS per mg of e x t r a c t able protein in EDA strains was owing to low production of GS specific proteins
(Srivastava
of GS from
Southern,
reveal

and

Amla,

1993).

Biochemical

and

immunological

EDA strains showed some modification
Northern

significant

blot

difference

characteristics

in enzyme molecule while

analysis with homologous GS probe (gin A) did not
except

(Srivastava and Amla, 1992, 1993).

for

low production of GS specific

mRNA

The genetical analysis of these phenotypes

acertained that gin A linked mutations in N ? - fixing cyanobacteria

are involved

in generation of regulatory mutants for N~ fixation (Gussin et_ a h , 1986).
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Recombinant DNA Approaches to Optimize the Nitrogen
Biofertilizer Potential of Cyanobacteria in Stress Situations
S. K. Apte. Molecular Biology & Agriculture Division, Bhabha Atomic Research
Centre, Bombay~400085, India.
ïncroduction. Many of the photosynthetic cyanobacteria (blue
green algae) are capable of aerobic nitrogen fixation. They are
naturally abundant in tropical rice fields and provide a nitrogen
biofertilizer derived from solar energy at practically no energy
cost to mankind. In general, they tolerate a variety of
environmental stresses, including soil salinity, drought and
pesticides, which are today the major agronomic deterrents of
crop productivity globally. Approaches undertaken by our
laboratory and aimed at maximizing, the biofertilizer efficiency
of cyanobacteria in stressful environments are discussed.
Materials and Methods. Strains
of the
heterocystous
cyanobacterium Anabaena
isolated in this laboratory were used
under axenic conditions. Growth, stress tolerance and nitrogenase
activity were measured as described earlier (4,7). Stress-induced
proteins were detected by in vivo
Stmethionine] radiolabel1 ing
and electrophoresis onto 5-14% polyacrylamide-SDS gradient gels,
followed by autoradiography (2,6). Construction of genomic
library and subtractive RNA hybridization techniques have been
described earlier (3). Reclamation of saline 'Kharland' soils was
attempted in clay pots containing 20 Kg soil mixtures for 5 weeks
under field conditions. Na + uptake and accumulation was estimated
using radiotracer
NaCl (5). Soil analyses were carried out by
the Rashtriya Chemicals and Fertilizers, Ltd., Bombay.
Results and Discussion. Based on the suggestion 4 decades ago (8)
that cyanobacteria accumulate high levels of Na and immobilize
it into an organic form, attempts have been made to use these
microbes for reclamation of saline soils. Our studies using
radiotracer
Na , however showed that (i) cyanobacteria do not
accumulate Na (ii) most of the cell-bound Na + is retained by
extracellular mucopolysaccharides, and (iii) intracellular trace
levels of
N a + present are osmotically active and are not
immobilised in any way (5,9). Nitrogen fixation and extracellular
release of N is also reduced during salt stress. Thus, although
cyanobacterial application offers some relief by chelating Na +
and rendering it temporarily unavailable to crops, it offers no
permanent solution to the problem of soil salinity.
Nitrogen fixation, in most diazotrophs is sensitive to
salt stress. Salt sensitivity of cyanobacterial nitrogen fixation
has been shown to be due to the ionic, and not the osmotic,
component of salinity (1,7). Diversion of cellular energy to
efficient efflux of Na seems to be a major cause of such salt
sensitivity. Conditions which either do not cause such diversion
or prevent it, enhance nitrogen fixation. In conformity with
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this, cyanobacterial nitrogen fixation is severely inhibited by
salt stress (ionic+osmotic) but is insensitive to or enhanced by
osmotic stress ( 7 ) . Curtailment of N a + influx and efficient
efflux of Na
appear to be the major m e c h a n i s m s p r o t e c t i n g
cyanobacterial N2 fixation during salt stress (4,5).
We recently
showed that cyanobacterial tolerances to salinity or drought are
facilitated by d i s t i n c t independent m e c h a n i s m s ( 1 , 7 ) . Salt
t o l e r a n c e is c o n s e q u e n t to p r e v e n t i o n of
intracellular
accumulation of N a + while osmoto1erance is brought about by
synthesis of certain osmotic stress proteins, or OSPs. Selection
of cyanobacterial bioferti1izers for applications in saline or
drought situations has, therefore, to be persued independently.
We have also shown that the inherent tolerance of c e r t a i n
cyanobacteria to salinity or osmotic stress can be modified by
environmental factors that modulate Na
fluxes or expression of
OSPs. Thus, alkaline external pH and high external K , which
strongly inhibit Na
influx, enhance nitrogen fixation during
salt stress ( 4 ) . Similarly initial addition of nitrate, which
inhibits Na
influx and induces O S P s , r e m a r k a b l y e n h a n c e s
cyanobacterial tolerance to salinity as well as osmotic stress.
M o l e c u l a r g e n e t i c studies have been initiated to
understand regulation of nitrogen fixation during stress as well
as to identify g e n e s r e s p o n s i b l e for stress t o l e r a n c e in
cyanobacteria (1).. Salinity and osmotic stresses induce synthesis
of certain stress proteins by transcriptional activation (2,6) of
certain genes. A. subtractive RNA hybridization technique was
devised to isolate most of the salt stress-induced genes from a
halotolerant nitrogen-fixing cyanobacter ium Ana.bae.na.
torulosa
(3). Possible role(s) of these genes in salt tolerance is being
characterized. We have also cloned the major nitrogen fixation
(nif)
gene cluster from A. torulosa
(1) wherein the nif genes are
found to be physically linked to some of the salt stress-induced
genes. The significance of such linkage, if any, to the relative
insensitivity of nitrogen fixation
in this strain to salt stress
remains to be seen. Attempts are also being made to isolate
salt/osmotic stress-induced promoters from cyanobacteria. Gene(s)
and proteins involved in degradation of the insecticide "lindane"
a
have b e e n c h a r a c t e r i z e d from Sphingomonas
paucimobi1is,
bacterium isolated from paddy soils by CRRI, Cuttack, India.
Cloning of these desirable genes and their promoters have opened
avenues for their transfer to stress-sensitive cyanobacterial
strains and for their s e l e c t i v e e x p r e s s i o n in stressful 1
environments.
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Enhancement of BNF (Biological Nitrogen
Fixation) in Tropical Soils by Vam Fungi
Ahmad, M.H., Daniels-Hylton, K., Thiagarajan, T.R
and
Lemonius, I. Biotechnology Centre, University of the West Indies, Mona,
Kingston 7, Jamaica
The effect of vesicular arbuscular mycorrhizal (VAM) fungi on the nodulation, nitrogen
fixation and growth of three varieties of red kidney bean {Phaseolus vulgaris L.) was examined
in an acidic (pH 5.6) soil.

Experiments were conducted under greenhouse conditions, in

sterilized and non-sterilized soils and the bean plants were dual inoculated with each combination
of four strains of Rhizobium leguminosarum biovar phaseoli (B17, B36, T2 and CIAT652) and
three species of VAM fungi (Glomus pallidum, Glomus aggregatum and Sclerocystis
microcarpa). In sterilized soil, the nodulation and nitrogen fixation ability of rhizobial strain
CIAT652 was enhanced by the presence of any of the three VAM fungi for bean varieties Miss
Kelly and Portland Red. While, in non-sterilized soil study, rhizobial strains B17 and B36
improved the nitrogen fixation and growth of cv Miss Kelly and Portland red, when inoculated
with G. pallidum or G. aggregatum. However for cv Round Red, the rhizobial strain T2 with
any of the three VAM fungi was the most effective combination. Our results from greenhouse
trials were confirmed under field conditions which suggest that inoculation of VAM fungus and
rhizobia enhances the nitrogen content and growth responses of red kidney beans in tropical
stressed soils.
We also examined the effect of dual inoculation of VAM fungus (G. pallidum)
Azotobaaer on the growth and nitrogen content of coffee (Coffea arabica) seedlings at nursery
level.
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In Vitro Selection of Plant Genotypes and Bacterial
Strains to use in the field for Improving Biological
Nitrogen Fixation in Rice.
M. Rahman (*)*, M. Kabir (D, T, Heulin (2) and J, Balandreau (2>.
(^Department of Soil Science, University of Dhaka, Dhaka-1000, Bangladesh, and
Q)CPB-CNRS, B-P:5, 54501, Vandoeuvre, FRANCE.
Introduction:
In spite of many claim, it is not easy to describe precisely the nitrogen fixation microflora
associated with non-leguminous plants. To circumvent this difficulty Thomas Bauzon et al 1982
proposed a new procedure for counting and isolating nitrogen Fixing Bacteria. Considering the
current lack of available criteria for selecting bacterial strains and plant genotypes for subsiqucnt
field use, we further investigated the possibility to generaize the use of'The spcrmosphcrc model"
as proposed by Thomas bauzon ct al to chose optimal combination of rice and bacterial genotyps
in the laboratory before field inoculation trials.
Materials a-id Methods.
(1) Soils: Brahmaputra & Ganges flood plain soils were used to grow plants.
(2) Plants: rice cultivar Nizcrshil was used for isolating nitrogen fixing bacteria and cullivars
Chandina (BRI), Biplob(BR3), Mukta (BR11), Gaji (BR14) Niamat (BR21) and Kuan (BR 22)
were then compared for their efficiency rate of C2H4 evolution.
(3) Bacterial strain: Representative Nitrogen Fixing bacteria were isolated from Ganges &
Brahmaputra flood plain rice-field rhizosphcrc soils. Strain MRB16 was used for the selection of
rice genotypes.
(4) 'The spcrmosphcrc model" is the name given by Thomas Banzon is our gonobiolic model for
chossing bacterial strain and rice plant genotypes.
(5) Media: A carbon nitrogen free media, which wv^ first used by Weaver et al (1975), for our
experiment we have modified this medium and has u-c following composition:
-Slution A(mg/L): Zn S04,7H 2 0 430; M11SO4, H 2 0 1300; NaMo04, 2H 2 0 750; H3BO3, 2800;
CUSO4,7H20 26; COSO4,7H20 70; Distilled water 1000 ml;
-Solution B (mg/L): MgS0 4 , 7H 2 0 2000; CaCl2, 2H 2 0 2000; FeS0 4 , 7H 2 0 440; EDTA 400;
Solution A 20ml; Distilled water 1000ml.
-Solution C: KH3PO 40 g; K3HPO4 60g; Distilled water 1000ml.
Solution B and C were sterilized separately to avoid a prccipition of the medium. Final solution
was prepared by addding 50 ml of solution B and 15 ml of solution C to one liter distilled water.
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Result & Discussion:
Using the axenic rice plantlets as a selective medium a large collection of nitrogen fixing bacterial
strains were isolated from the rhizosphcrc of rice cultivated on the Brahmaputra and Ganges flood
plain of two Bangladeshi soils. The most abundant nitrogen fixing bacteria isolated using our
procedure belonged to Azospirillum lipofcrum and Pseudomonas like.
We first compared 18 strains representative of different members of the dominant nitrogen fixing
microflora. For the sake of comparison we include strain 4B as described earlier by Charyalu et
al(1985). Large difference appeared between suains and Azospirillum lipotcrum MRB16 being the
most active.
The comparison of plant genotypes was made difficult, exhibited large differences in nitrogen
fixation support. Acetylene reduction activities of Six Bangladeshi rice eultivers were complied
with the most efficient strain MRB16 of Azospirillum lipofcrum. The nitrogen fixation support
phonotype docs not depend on the strain used and the most active cultivars are BR 14 & BR11 for
the Boro and Aman rice seasons respectively.
Conclusion:
The most efficient strains MRB16 and Most supportive rice genotypes Brl4 or BR11 can then be
associated in the field through inoculation of seeds as described by Heulin cl al 1991.
In many instances, inoculation trials have been done on cereals using bacterial strians from
international collections. Little consideration has been given to the origin of these strains. The
choice of a bacterial species appears as a prejudice without experimental or rational basis.
Our approach of inoculation is different: lis first principle is to look for strains to inoculate among
bacteria abunadant in the rhizosphcrc of an actively fixing plant graowing on the soil to be used.
The second principal is to chose the optimal plant-bacterium combination in priliminary laboratory
studies.
Literature Cited:
(1) Charyulu.P.B.B.N.; Fourcassic,F.; Barbouchc.A.K.; Rondro Harisoa, L. ; Omar.A.M.N.;
Weinhard.P.; Maric.R. and Balandrcau, J.
(2) Heulin ,T.; Rahman, M.; Omar, A.N.M.; and Balandrcau, J.; 1991: BNF Associated with
Rice Production, DUTTA. S. K. & SLOGER Edited; Oxford & IBH Publishing Co. Pvt.
Ltd. 221-227.
(3) Thomas Bauzon, D; Wcinhard, P; Villecourt, P and Balandrcau, J. (1982). Can. J.
Microbiol. 28,922-928.
(4) Weaver, P. K.; Wall, J. D; and Gesl, H. (1975). Arch. Microbiol. 105, 207-216.
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Nitrogen Fixing
Communities

and

Phosphate

Solubilizing

Bacteria

in Mangrove

Gerardo Toledo**, Yoav Bashan5, Gina Holguin*' Patricia Vazquez-Correa*
and Alejandro Lopez-Cortes5 ^Department of Microbiology. The Center
for Biological Research (CIB^. La Paz. B.C.S.. P.O Box. 128. Mexico
23000, and ^Department of Experimental Biology. Interdisciplinary
Center for Marine Sciences (CICIMAR). Terrenos del Conchalito. La Paz.
B.C.S. Mexico 23000.
Introduction. Coastal lagoons colonized by mangrove trees are one of
the most important ecosystems in the marine environment. The mangrove
trees provide organic matter to the ecosystem and to adjacent waters
in the form of detritus which is used as food for many marine animals
of commercial interest like oysters, shrimps and fish. Thus mangroves,
by providing detritus to the system, support an extensive food chain.
They also serve as a breeding refuge for many valuable marine and
terrestrial species.
The arid climate of the Baja California peninsula, (Mexico) does
not produce enough run-off to bring terrestrial nutrients to the
lagoons, thus concentrations of soluble nitrogenous compounds are low.
Nevertheless, the mangrove forests look "jungle-like" and show no
signs of nitrogen deficiency, indicating the possibility of
diazotrophic activity in this environment. Two species of new
diazotrophic bacteria known as fish pathogens, were identified in the
roots of mangrove seedlings (Holguin et al. 1992) . Additionally, three
unidentified nitrogen fixing bacteria were isolated from the
rhizosphere of several mangrove species.
Phosphate rock deposits are common in southern Baja California,
but the phosphate must first be solubilized before it is available to
the mangrove plants. After a bacterial enrichment process, twelve
phosphate solubilizing bacteria and two phosphate solubilizing fungi
were isolated and purified from the rhizosphere of black mangrove
seedlings after bacterial enrichment. Several isolates solubilized the
rock through the production of acids, while the others operated via
an unidentified mechanism(s).
Materials and Methods. Nitrogen fixing and phosphate solubilizing
bacteria were isolated from Balandra bay, 25 Km north of La Paz, Baja
California Sur.
Results and Discussion. The rhizosphere of mangrove plants is composed
of a large variety of bacteria. Several morphotypes of these bacteria
were isolated and purified. One of these isolates, Staphylococcus sp,
(apparently a new species) enhanced the nitrogen fixing capacity of
several species of nitrogen-fixing bacteria from either mangrove
rhizosphere (Holguin et al. 1992) or from terrestrial origin like
Azospirillum (Holguin et at. 1993).
Cyanobacteria were observed growing epiphytically over exposed
surfaces of the red, white and black mangroves. Phototrophic
diazotrophs (purple and green sulfur bacteria) were observed to be
growing on submerged sections of aerial roots (pneumatophores) and in
the sediments. On the aerial roots of the black mangrove, three cm
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above the sediment, we consistently observed communities of the
cyanobacteria Lvnqbva sp. and Oscillatoria sp. Between three and seven
cm above the sediment, we found Microcoleus sp. and above that,
Aphanothece sp.. This distribution pattern was consistent, as confirmed
by phase contrast and epifluorescence microscopy over a five month
period. A biofilm composed of 99% cyanobacteria Anabaena sp. grew on
the surrounding sediment. In situ experiments on cyanobacterial
attachment to glass, wood and root surfaces showed preference to
aerial roots.
In field measurements, we determined overall nitrogen fixing
activity of the mangrove cyanobacterial populations on intact and
excised pneumatophores . Our results showed that nitrogen-fixation on
the pneumatophores, either intact or excised, occurs mainly during
daytime with two activity peaks: one in the morning and the other in
the afternoon when light intensity in the swamp is relatively low (40D
/JE m'2 Sec"1) . At midday, with light intensities reaching as high as
1800 pE m'2 Sec"1, the nitrogen fixation activity decreased. The lowest
values were monitored at midnight; however, an increase in nitrogen
fixation
began
during
the
pre-dawn
hours, which
suggests
cyanobacterial anticipation of the light energy.
Black mangrove pneumatophores are exposed many hours a day to dry
conditions since the plants are in the outer zone of the mangrove
community and only occasionally submerged. Nevertheless, this does not
affect the nitrogen-fixing activity of the cyanobacteria, which
occurred regardless of the tide cycle, water temperature, salinity or
Ph. Thus, as the bacteria are attached to the pneumatophores,
nitrogenous compounds can essentially diffuse from the bacteria to the
plant and not be diluted or washed away by the tides. These results
indicate that cyanobacteria associated with the black mangrove
pneumatophores may contribute nitrogen to the mangrove plants.
To evaluate diazotrophic activity in pure and mixed culture, we
isolated one strain of Microcoleus sp., five heterotrophic bacteria
associated to the pneumatophores of the black mangrove, and a strain
of Anabaena sp. from the biofilm on the surrounding sediment. Nitrogen
fixing activity of these strains is currently being compared to field
experimental data to evaluate their total nitrogen contribution to the
mangrove ecosystem.
We propose that nitrogen-fixing and phosphate-solubilizing
microorganisms may contribute macro-nutrients to the mangrove
community and in so doing, contribute to the well being of this
ecosystem.
Literature cited
Holguin, G. , M.A. Guzman, and Y. Bashan. 1992. Two new nitrogenfixing bacteria from the rhizosphere of mangrove trees: Their
isolation, identification and in vitro interaction with
rhizosphere Staphylococcus sp. FEMS Microbiol. Ecol. 101:207216.
Holguin, G. , and Y. Bashan. 1993. Increasing the nitrogen-fixing
activity of Azospirillum by mixed culturing with Staphylococcus
sp. In: New Horizons in Nitrogen fixation, (eds). R. Palacios,
J. Mora, W.E. Newton. Kluwer Academic Pub. The Netherlands, p.
726.
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Bioremediation of Pesticide Contaminated Soils
R.G. Burns', and I. McGhee. Research School of Biosciences, Biological
Laboratory, University of Kent, Canterbury, Kent CT2 7NJ, England.
Introduction. The need to reclaim polluted soil for agricultural, recreational and
commercial purposes has promoted research in soil bioremediation (1,2). For this purpose,
the isolation of natural species and the directed mutation or genetic manipulation of novel
species has provided a number of strains capable of degrading recalcitrant pesticides. In
general, these strains have been assessed in vitro and there has been comparatively little work
carried out with regard to their survival and expression of biodegradative activity in the soil.
Successful bioremediation strategies must take account of the many physical, chemical and
biological barriers to inoculant establishment in soil as well as the concentration of the target
pesticide, which may be either toxic or inadequate to support microbial growth. Even if the
concentration is appropriate, adsorption to clay minerals and complexing to humates may
reduce the bioavailability of the pesticide. In addition, contaminated soils frequently contain
a mixture of organic pollutants and the biodegradation of all these compounds is likely to
require an interactive community of microbial species. The competent species may be
indigenous to the treated soils and respond when changes in, for example, texture or moisture
content are made (biostimulation). Alteratively, it may be necessary to introduce bacteria
and fungi (bioaugmentation) that have been acclimated and evaluated in the laboratory. In
practice, many heavily polluted soils are on factory sites and are compacted and inaccessible.
All these factors suggest that the total bioremediation of a soil will require cultivation,
aeration, irrigation and nutrient amendments and probably the use of multiple inoculations
using mixed cultures.
Materials and Methods. Three Gram-negative bacterial isolates (SB5, SB9 and SA2) were
inoculated (1 x 10' g') into an uncontaminated soil (41% sand, 31% clay, 28% silt; pH 5.7)
spiked with 17 mg kg"1 of 2,4-dichlorophenoxyacetic acid (2,4-D) and 60 mg kg"' of 2methyl-4-chlorophenoxyacetic acid (MCPA) and incubated at 12.5 ± 2.5°C, 60% MHC for
28 days. The disappearance of 2,4-D and MCPA was monitored by gas chromatograph/mass
spectrophotometry (GC-MS) following soxhlet extraction and methylation. A second
experiment used a chronically-contaminated soil (37% sand, 25% clay, 38% silt; pH 6.7)
collected from a factory site and containing 16.9 mg kg"1 2,4-D and 14.2 mg kg"' MCPA
(plus other pesticide residues). Soil was inoculated with SB5 or treated with NPK (14 g kg')
or lime (225 g kg"1) to raise the pH value to 7.5.
Results and Discussion. Degradation was rapid in the inoculated
up to 98% MCPA (isolate SB9) and 78% 2,4-D (SB5) had been
with an average or 25% degradation in the non-inoculated soils.
90% of 2,4-D and MCPA had been degraded in both treatments
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spiked soils and at day 14
removed. This compared
However, by day 28 over
and controls. Clearly the

pesticide additions stimulated enrichment or acclimation of the indigenous microbes which
brought about rapid degradation between day 14 and day 28.
The results from the second experiment were more variable but show that in the inoculated
soils at day 14, 28% of the 2,4-D and 58% of the MCPA had been degraded compared with
15% and 21%, respectively in the non-inoculated soils. By day 28 the comparable figures
were 48% vs 35% (2,4-D) and 61% vs 70% (MCPA). The effectiveness of the indigenous
herbicide degraders was enhanced by NPK treatment and 75% (2,4-D) and 84% (MCPA)
was degraded by day 28. Subsequent experiments identified N and P availability was critical
in the biosti mulation of contaminated soil. Liming the soil reduced both the rate and extent
of herbicide degradation even though pH 7.5 was optimum for SB5 growth in pure culture.
The significance of these experiments for large scale soil bioremediation will be discussed.
Field trials are difficult to conduct because of site accessibility and topology, the physical
heterogeneity of the soils, and the discontinuous distribution of the pesticides. Inoculum
density, preparation (3) and movement from the surface layers to the subsoil needs further
investigation as does the efficacy of pumping contaminated ground water and distributing it
over the surface of an enriched soil. Finally the success of the remediation process should
be evaluated with regard to the recovery of the biological capacity of the soil using such
indices as microbial biomass and enzyme activities.
Literature cited.
(1)
Bewley, R.J.F. 1992. Bioremediation of contaminated ground. In Contaminated
Land Treatment (Rees, J.F. ed.), pp. 270-284. Elsevier, London.
(2)
Bollag, J-M. 1992. Decontaminating soil with enzymes. Environmental Science and
Technology 26: 1876-18991.
(3)
Comeau, Y., Greer, C.W. and Samson, R. 1993. Role of inoculum preparation and
density on the bioremediation of 2,4-D contaminated soil by bioaugmentation.
Applied and Environmental Microbiology 38: 681-687.
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Bioremediation of Seleniferous Soils
with Selected Plants
G.S. Banuelos^ S. Zambrzuski, S. Akohoue, and S. Downey,
Uater Management Research Laboratory,

USDA-ARS,

2021 S. Peach Avenue, Fresno, CA 93727, USA.

Introduction. Agricultural soils with excessively high levels of selenium (Se) are
common in the westside of central California's San Joaquin Valley. Inefficient
irrigation practices on these alkaline soils naturally high in Se have contributed
significantly to the solubilization of Se to mobile species of Se, i . e . selenate.
Adsorption, desorption, and movement of such inorganic oxyanions in soil with or
without the help of water involves ligand exchange reaction or surface complexation.
Excessively high Se concentrations in agricultural effluent have severely impacted
some biological ecosystems in California. One recent proposal for managing the
movement of Se through the soil uses the high Se-uptake ability of certain plants and
thus reduces the soil Se level. In this paper we report on the ability of 8 selected
plants to lower Se levels in the soil by plant uptake and/or volatilization.
Methods/Materials. Experiment I. Selenium uptake was investigated under greenhouse
conditions in the following plant species: Astragalus incanus (no common name), creeping
saltbush (Atriplex semibaccata), Old Man saltbush (A nummularia), Indian mustard (Brassica
juncea Czern L . ) , and tall fescue (Festuca arundinacea Schreb L . ) . The plants were
grown in two different soils to which 3.5 mg Se kg" 1 soil was added as Na SeO or as
Na 2 Se0 3 , respectively.
Experiment II. Selenium uptake was investigated under field conditions in the following
plant species: Indian mustard, birdsfoot trefoil (Lotus corniculatus L . ) , and kenaf
(Hibiscus cannabinus L.), grown in a soil with a natural Se level of almost 1 mg Se kg" 1
soil.
Experiment III. Selenium uptake was investigated under field conditions for two years
in tall fescue grown in a soil with a natural Se level of >1 mg Se kg" 1 soil.
Experiment IV. Plant volatilization of Se was investigated in soils to which 2 mg Se kg" 1
soil was added as Na SeO under greenhouse conditions in the following: Se-laden soil
without plants, kenaf, Indian mustard, and cotton (Gossypium hirsutum L . ) . Potted
plants were periodically placed for 4 d inside volatile Se collection chambers containing
activated charcoal as the Se absorbent.
For all experiments, Se in plant tissue and soil, and volatile Se (attached to activated
charcoal) were determined by atomic absorption with continuous hydride generation
after wet digestion of samples with HNO /H O /HC1.
Results and Discussion. Soil Se levels were reduced in all experiments by all the
different plant species tested (Tables 1-3). Under our test conditions the selected
plant species lowered levels of soluble Se in the soil and consequently might reduce
the effects that Se exerts on the agriculture ecosystem. Plants can lower Se levels
by both plant uptake and volatilization of Se. Plants used in the bio-remediation
strategy of Se may be harvested and then used as a Se supplement for animal feed
grown in Se-deficient regions or the plant material may be added to Se-deficient soils
supporting forage crops like alfalfa (alfalfa will absorb Se). Using crop and irrigation
management in Se-laden soils is necessary to sustain irrigated agriculture in some
soils in central California.
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Table 1. Changes of selenium in the soil during the cropped period of different plant species and the
accumulation of selenium in the plant tissue (Experiment I and Experiment II).
Measured
parameter
of Se

Speelea
Control
(no plants)

Indian
mustard

Tall
fescue

Astragalus Creeping
incanus
salt-brush
(mg Se)

Old Han
saltbrush

Birdsfoot
trefoil

Kenaf

Experiment 1
Total soil Se at :
Preplant
Harvest

3.50
3.23n

Plant Se in :
Shoots
Roots
Total soil Se at :
Preplant
Harvest

3.50
3.40n

Plant Se in :
Shoots
Roots

3 50

1.09

3.50..
2.19

3 50
- ..
2.70

3.50
1.97

3.50.
2.06

1.29
0.15

0.30
0.05

0.14
0.04

0.40
0.06

0.77
0.08

3 50
- ..
2.73

3 50
- ..
2.82

3.50
3.15M

3.50v
2.78'

3.50.
2.80*

- ..

0.18
<0.01

0.08
«0.01

0.01
<0.01

0.08
<0.01

0.09
<0.01

Experiment 2C
Total soil Se at:
Preplant
Harvest

0.94
0.90n

Plant Se in:
Shoots
Roots

0.86
0.72'

0.92
0.73

0.89.
0.60

0.08
<0.01

0.14
<0.01

0.10
<0.01

Added as selenate.
Added as selenite.
Values are expressed as mg Se leg
Boil or dry matter.
ns
Not significant
Significant difference at the P>0.05 level.
C

Table 3. Rate of selenium volatilization by cotton,
kenaf, and Indian mustard
(Experiment IV).

Table 2. Changes of selenium in the soil during the
cropped period of tall fescue and the
accumulation of selenium in the plant
tissue (Experiment III).
Measured
parameter
of Se

1992
1993
(mg S« *g >

Soil at:
Preplant
Control
b
Harvest

1 .17
1 .OS"8
0 .82

**

0.87
0.8lni
0.65

Plant at:
Clipping I
Clipping II
Clipping III

Se concentration at different
stages of growth :

Year of study

0.12
0.27
0.29

0.20
0.17
0.15

Plots contained no plants, Se measured at harvest.
Concentration of Se measured after third clipping.
Not significant
Significant difference at the P>0.05 level.

Species

Control
(no plant)

1st

2nd

3rd
4th
1
it"3 Se pot" )

5th

6th

4

4

5

4

5

Cotton

14

16

16

15

18

20

Kenaf

18

17

19

18

22

24

Indian
Mustard

26

30

33

32

35

38

3

values represent the mean from six replicatons.
Samples were taken every 7 d beginning at day 45 for
cotton and kenaf and day 30 for Indian mustard.
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Immobilized enzymes as a tool for soil bioremediation
L. Gianfreda and J.-M. Bollag, Dipartimento
di Scienze
Agrarie, Universita di Napoli "Federico ƒƒ", ITALY
and
of Soil Biochemistry,
The Pennsylvania
State University,
Park, PA, U.S.A.

ChimicoLaboratory
University

Introduction. Bioremediation of contaminated soils has great potential for environmental pollution
control. Biological treatments utilizing microorganisms or purified enzymes constitute a viable,
promising technology for the decontamination of polluted soils (1). Moreover, applaying
immobilized enzymes may overcome several operational problems often associated with the use of
free enzymes or microorganisms and may represent an innovative and useful tool for soil
decontamination.
We investigated the efficiencies of two phenoloxidases (a laccase and a peroxidase),
immobilized on natural supports, to detoxify a phenolic compound, 2,4-dichlorophenol (2,4-DCP),
in the presence of various soils.
Materials and Methods. A laccase (EC 1.10.3.2. purified from Trametes versicolor) and a
peroxidase (EC 1.11.1.7. a purified commercial preparation from horseradish) were covalently
immobilized on glass beads, montmorillonite and kaolinite as described (2). The efficiencies of both
free and immobilized enzymes in removing 2,4-DCP at 25 °C and at pH 6.0 were evaluated by
HPLC analyses. Activity assays were also performed in the presence of an HCI-washed sand, three
soils (Morrison, Hagerwston An and Hagerwston Bi) which differed in their physico-chemical
properties, and sand/soil mixtures. The reusability of immobilized enzymes was monitored by
repeated 2,4-DCP applications in the absence and presence of soil.
Results. All three supports were more efficient in immobilizing laccase than peroxidase: 56, 71 and
64% of the applied laccase were immobilized on glass beads, montmorillonite and kaolinite,
respectively, whereas only 17,43 and 23% of the applied peroxidase were immobilized on the same
supports. Both enzymes retained a high residual specific activity upon immobilization (on average
90%). The amount of 2,4-DCP transformed by free and immobilized laccase and peroxidase
increased rapidly in the first period of incubation (5 h for laccase and 20 min for peroxidase), then it
remained almost unchanged during further incubation. Peroxidase immobilized on glass beads and
kaolinite showed a greater efficiency in 2,4-DCP removal than laccase immobilized on the same
supports, whereas laccase immobilized on montmorillonite was more efficient.
Sand and soils affected the activity of free and immobilized laccase and peroxidase
differently. Sand had almost no effect, while in the presence of 100 mg of Hagerstown Ap soil,
laccase activity was inhibited by 27% if the enzyme was immobilized on glass beads and by 50% if
it was immobilized on montmorillonite; he inhibition increased up to 100% for peroxidase
immobilized on kaolinite. The nature and properties of soils were responsible for this inhibition
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effect. When both enzymes were tested in the presence of the three soils, which contained different
amounts of organic matter (8.9, 2.5 and 0.8% for Morrison, Hagerstown Ap and Hagerstown B i ,
respectively), the soils with the highest organic matter content had the greater inhibition effect
(Figure 1).
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Figure 1 Effect of organic matter on the activity of free and immobilized laccase (L) and
peroxidase (P). Immobilization on montmorillonite (M)
When the activity of immobilized enzymes was assayed by replacing fresh substrate in
repeated incubation cycles, the inhibition of 2,4-DCP transformation effected by the addition of the
soils significantly decreased after each incubation cycle. This clearly indicates that soluble soil
components were involved, at least partially, in the inhibition phenomenon. This hypothesis was
confirmed by activity assays performed with washed soils and soil extracts.
Our findings demonstrate that immobilized enzymes can be utilized in soil environments;
however, the relationships between their catalytic behaviour and soil nature and properties still
deserve thorough investigations.
Literature cited.
(1) Bollag J.-M., and Liu S.-Y. 1990 Biological transformation processes of pesticides in H.H.
Cheng (ed.) Pesticides in the soil environment: Processes, impacts, and modeling. SSSA Book Sen
2, Madison, Wl, pp. 169-211.
(2) Gianfreda L., and Bollag J.-M. 1993 Effects of soils on the behaviour of immobilized enzymes.
(Submitted for publication)

227

Utilisation de différentes formes d'amendements
organiques pour la restauration de sols
volcaniques degrades par erosion anthropique
au El Salvador (Amérique Centrale)
J. Collinet. Programme d'Aménagement Intégré des Ressources Naturelles, Centre
Agronomique Tropical de Recherche et d'Enseignement (CATIE), 7170 Turrialba,
Costa Rica.
Introduction. Le concept de "sustainability" reste encore souvent une abstraction en de nombreux
pays d'Amérique Centrale qui connaissent ainsi de graves problèmes de degradation des milieux.
On présentera dans ce papier une operation de recherche expérimentale entrant dans le cadre d'un
programme plus general de rehabilitation d'un bassin versant dont les eaux alimentent un grand
barrage hydroélectrique dans le nord du El Salvador, et dans lequel on observe une érosion
généralisée liée a une surexploitation d'un milieu déja vulnerable en son état naturel. Parmi la
série des mesures prises pour réhabiliter le milieu (reforestation, correction de torrents, fossés
d'infïltration, actions sociales), 1'on exposera ici une reconstruction de sols a partir de quasi nonsols recevant des amendements organiques.
Dispositif et Methode. La methode consiste (i) en un suivi de 1'evolution des cultures de
1'association traditionnelle maïs + haricots en analysant les stades phénologiques et le rendement,
(ii) en un suivi des sols sur 7 parcelles expérimentales de 40üm2 installées en 1991 en milieu
paysan. Deux parcelles servent de témoins (TEST = testigo), deux regoivent du fumier de poule
(ESTI = estiércol), deux autres, des fragments de Gliricidia sepium (plante arborescente
légumineuse fixatrice d'azote) enfouis par le labour (MVFE = material vegetal fresco enterrado),
enfin, une parcelle re^oit les mêmes fragments épandus en surface après les semis (MVFS =
material vegetal fresco superficial). Le milieu experimental a été retenu parmi la zone la plus
dégradée du bassin. Il comporte en effet, sur des pentes de 20 a 35%, une majorité de Regosols
eutriques (taxonomie FAO) ou Ustorthents (Taxonomie USDA) ou Sols peu évolués d'érosion
(taxonomie franchise) sur des cendres, ponces volcaniques et parfois sur des horizons organiques
enterrés légèrements indurés. Tous sont cultivées en billons isohypses obtenus par traction
animale. Les caractéristiques initiales des sols étaient les suivantes (valeurs médianes sur 0/10cm
et 20/30cm): argiles (<0,002mm) de 14 a 16%, carbone organique de 4,64 a 2,90 mgC g"1,
capacité d'échange cationique (CEC) de 7,5 a 9,0 cmol(+) kg"1, le Phosphore (methode Olsen)
de 13 a 5ppm. L'objectif est une amelioration espérée en trois étapes: (a) au court terme portant
sur la fertilité chimique, (b) au moyen terme pour reconstruire un complexe d'échange, (c) au
long terme pour la restauration d'une structure done pour une amelioration hydrodrodynamiques
des sols.
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Résultats et discussions. Les premiers résultats concernent 1992 et 1993:
a) Les effets a court terme s'inscrivent dans les rendements et 1'érosion. Sur les parcelles ESTI
le rendement du maïs augmente de 50%, cette amelioration est liée a une montaison plus rapide
allongeant d'autant le temps de maturation avant la saison sèche. Sur ces mêmes parcelles ESTI,
on note 7 a 8 fois moins de mobilisation de terres en interbillons grace a une protection plus
rapide du couvert végétal.
b) Les effets a moyen terme concernent plus strictement une evolution des sols qui est, cette fois,
analysée en suivant les taux de matière organique (MO) et les variations de la capacité d'échange
cationique (CEC). On note sur les parcelles MVFE et ESTI des taux de MO respectivement de
1,2 a 1,6 fois plus élevés que sur les parcelles témoins TEST en début de cycle du maïs, l'on
remarque cependant, en fin de cycle, une degradation plus rapide de cette MO par mineralisation
sur les parcelles ESTI, par contre, on note une augmentation des taux par humification sur les
parcelles MVFE. Le remaniement textural, resultant du labour, a évidemment un effet positif sur
la CEC de ces sols tres sableux en surface. Si l'on isole eet effet des colloïdes argileux, l'on note
encore un effet positif de 1'enfouissement du fumier (ESTI) sur la CEC mais l'on constate par
contre un effet négatif sur cette même CEC des résidus de Gliricidia sepium enfouis (MVFE).
Ceci mérite d'etre confirmé pendant les 2 autres cycles prévus. Cette difference de comportement
s'interprète comme une saturation des sites minéraux d'échange par des composes humiques
précurseurs sur les parcelles oü l'on apporte du materiel végétal frais (MVFE) alors qu'il se
construirait un complexe organo-minéral augmentant les sites d'échange avec des composes
humiques plus évolués dans les parcelles oü l'on fournit du fumier (situation ESTI).
c) Les effets a long terme ne sont pas encore tous explorables, cependant des determinations
structurales codifiées montrent un développement préférentiel d'agrégats d'origine biologique
dans les situations MVFE et MVFS.
Dans un bilan oü l'on considère, de facon concomitante, les effets (bénéfiques, neutres, négatifs),
la faisabilité et le coüt actuel en milieu paysan salvadorien de ces différents traitements, l'on
obtient finalement le classement d'amélioration suivant:
MVFE1 > ESTI2 > ESTI1 > MVFE2 > MVFS2 > TEST1 = TEST2.
.. ce qui, dans 1'état actuel de notre information, nous amène a opter pour le traitement
"matériaux végétaux frais enfouis" (MVFE) pour recontruii- des sols sur ces pentes érodées.
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