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Wheat Crop Response to One Irrigation
in the Yaqui Valley, Sonora, México
M.A. Camacho* and J . E . Ortiz.
Centro de Investigaciones
Agricolas
del
Noroeste (CIANO). Apartado Postal 515, Cd. Obregón 85000, Son., México.

Introduction. Wheat is the third most important cereal crop in México where the state of
Sonora adds close to 40% of the country's annual production. In this state wheat is the most
extensively grown cereal, and it occupies 40% of the cultivated land in the Yaqui Valley where
the average attainable yield is around the 5.0 ton/ha. According to previous research results (1,
2 and 3), it appears that most wheat farmers in the Yaqui Valley where the area planted to wheat
is limited to a greater extent by water availability could attain economically acceptable grain
yields using less irrigation water than they actually do. The scarcity of water and the possibility
of increasing its use efficiency with no reduction in grain yield, make it necessary to continue
obtaining information for producing wheat with less water in this area. The objective of the
present study was to investigate on the most critical crop growth stage where the application of
only one irrigation would allow the crop to attain the highest grain yield.
Materials and Methods. The study was conducted over a two year period at the Yaqui Valley,
Sonora Agricultural Experiment Station (CEVY-CIANO), in northwest México. During the
1990-91 growing season, after germination irrigation was applied, the effect of one extra
irrigation on grain yield at jointing, booting or heading stage of development was tested using
the bread wheat Bacanora T88. In the 1992-93 experiment a check consisting of the germination
irrigation only and one irrigation at tillering were added to the experiment. Two different
varieties were also used: Rayon F89 and Aconchi C89, a bread and durum wheat, respectively.
Treatments were planted on eight-bed plots. Furrow irrigation was practiced. Beds were 92 cm
wide, 100 m long, and each consisted of two wheat rows 30 cm apart. Each treatment (1990-91)
or treatment combination (1992-93) was sampled four time!., therefore, a nested or hierarchal
classification was used for the analysis of data. Both the amount of water applied and the
available soil moisture prior to irrigation were assessed for each treatment plot. Based on a
previously calculated inflow rate, 1.5"-diameter syphon tubes were used for delivering water.
Variables measured were: grain yield (GY), one-thousand kernel weight (TKW), test weight
(TW), plant height (PH), biomass (BMS), spike length (SL), kernels per spike (KS), spikes per
square meter (SSM) and amount of water delivered (AWA). All variables were statistically
analyzed using both the analysis of variance and correlation analysis methods.
Results and Discussion. The analysis of variance for GY data detected significant differences
among irrigation treatments in the 1990-91 experiment. Results indicate that the best GY, 3756
kg/ha, was attained when a lay out of 28.7 cm of water was delivered at heading (84 days after
germination irrigation). This treatment showed an efficiency of 1.309 kg of grain/m3 of water
applied. One irrigation at booting yielded 3167 kg/ha, with an efficiency of 1.310 kg of grain
per m3 of water, The lowest GY and water use efficiency, 3149 kg/ha and 1.173 kg of grain/m3
of water applied, respectively, were obtained when the only irrigation was performed at tillering.
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The highest values for TKW and TW were observed when the crop was irrigated at heading.
Although the crop received 114.8 mm of water as rain, 87% of this occurred prior to the
beginning of tillering, and no rain was present during the booting, heading, and grain filling
stages.
The ANOVA for the 1992-93 experiment showed all sources of variation relevant to the
experiment were statistically significant. In spite of its statistical significance, variation due to
the interaction of irrigation treatments and varieties was the least important as it only accounted
for 6% of the total variation, while the main effects accounted for 88%. Comparing irrigation
treatments shows that the highest GY, 4184 kg/ha with an efficiency of 1.567 kg of grain/m3 of
water was obtained when 26.7 cm of water were delivered at the beginning of heading (88 days
after germination irrigation). The second best GY , 3519 kg/ha, was obtained when the crop was
irrigated at booting. The lowest GY, 3150 kg/ha, was observed when irrigation was applied at
tillering.
The comparison between varieties showed that Rayon F89 was the highest yielding variety
with 4070 kg/ha, clearly outyielding the 3243 kg/ha of Aconchi C89. Although the no extra
irrigation (check) treatment was more efficient in producing grain per volume of water applied,
it is worth mentioning that this was likely the resulting effect of the 108.8 mm that rained
throughout the growing season.
Similarly to the 1990-91 experiment, the other variables such as TKW, TW, SL and KS
showed the highest values when the only irrigation was applied at heading. Plant height was not
affected by the irrigation treatment. All yield components were superior in Rayon F89 than in
Aconchi C89. Variables like PH, SSM had a positive correlation with GY.
Results obtained in this two-year study agree with those presented in (2), in that reduction
in grain yield was greatest when irrigation was postponed after heading. Differences were
obtained with respect to results presented by authors in (1), who report that water stress at
jointing had the most detrimental effect on grain yield and yield components. However, these
differences are expected because their experiments where conducted under sandy loam soils
which have a lower field capacity and moisture retention than the clay soils we used in our
experiments.
Literature Cited.
1. Day, A.D. and Suhbawatr I. 1970. Some Effects of Soil Moisture Stress on the Growth of
Wheat {Triticum aestivum L. em Thell.). Agron. J. 62:27-29.
2. Robins, J.S. and Domingo, C.E. 1962. Moisture and Nitrogen Effects on Irrigated Spring
Wheat. Agron. J. 54:135-138.
3. Singh, S.D. 1981. Moisture-Sensitive Growth Stages of Dwarf Wheat and Optimal
Sequencing of Evapotranspiration Deficits. Agron. J. 73:387-391.
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RESPONSE OF COTTON (Gossypium hirsutum L) YIELD
TO PLANTING DATE AND TO IRRIGATION IN THE
YAQUI VALLEY, SONORA. MEXICO.
A. Hernandez* and J. E. Ortiz. Cotton, and Water Use and Management Programs, respectively. Campo Experimental Valle del YaquL (CIANO). A. Postal
515. Cd. Obregón, Son. México 85000.
Introduction. Cotton is of great economic and social importance in the south of the state of
Sonora. High production costs and low cotton price in the international market present a serious
limitation to make it attractive for planting. New varieties are of great importance if we want to
increase yield and productivity. It is necessary to develop the most effective agronomic package
to attain our goals. The cotton breeding program at CIANO released three new varieties recently
(Hernandez & Perez, 1993), with improved yield and earliness characteristics. This experiment
was conducted to define the best planting date and the most effective irrigation calendar,
considering that two of those varieties have contrasting fruiting cycle.
MATERIALS AND METHODS. This experiment was established at the Yaqui Valley
Experiment Station (CIANO), in the 1993 spring-summer season. We evaluated: four planting
dates (D), January 23, march 6 and 19, and april 4, three irrigation treatments (I), and two new
varieties (V): CIANO ALAMOS-92, CIANO COCORIM-92, and the check CIANO
YAQUIMI-86. The main criteria to define the irrigation treatments, was the date of the first
irrigation after planting: 1) at seedling stage (6-7 knots), 2) onset of squaring phase, and 3)
beginning of blooming period. Subsequent irrigations were given when water content in the soil
reached 25%. A hierarchical arrangement (strip-split test) was used, where, dates, irrigation
treatments, and varieties, were main, intermediate, and small plots, respectively; within each
variety four samples were taken to estimate yield, yield components, and other boll and fiber
characteristics (from two-1 m rows, each). Statistical analysis was carried out using the SAS
program, the hypothesis of no differences was tested at the 0.05 and 0.01 probability level. Only
Lint yield will be discussed in this paper.
RESULTS AND DISCUSSION. Significant differences were detected for the D, I, and V main
effects. The DxV, IxV, and Dxl. first order interactions were highly significant too, with DxV
interaction being the one of a greater magnitude. The second order interaction was not
significant.
Planting Date. The highest lint production was obtained in march 6 (optimum planting
date), outyielding the early and late plantings (January 23, march 19, and april 4), by 16.5, 12.5
and 45.3%, respectively, confirming results of Hernandez & Perez (1990).
Irrigation. Yield response was higher when the date of first irrigation was at the onset of
the squaring stage, 1,939 kg/ha, outyielding the other two treatments: seedling and blooming
stage, by 16.5 and 2.6%, respectively, being the first difference highly significant. Square and
blooming stage treatments required 88 and 65 cm of water, 8 and 6 irrigations, respectively. In
other words, the blooming stage treatment was more effective, this results confirm recent results
Ortiz, 1992), and the actual recommendation for the Yaqui Valley (1). The most disturbing fact
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is that most commercial farmers in the Valley apply the first irrigation at the seedling stage,
inflicting to themselves a net lint yield loss. On the other hand, early irrigation induces a delay in
maturity that increases the risk of yield losses in rainy seasons.
As it was mentioned earlier, the FxV interaction was the most significant, existing
information (Hernandez & Perez, 1990), points out that the response of cotton to planting date,
follows normal trend, with a peak (optimum), at the first week of march. In this trial, CIANO
ALAMOS-92 the least yielding in average, in the march 6 date (Fig. 1), obtained the highest of
the test, outyielding marginally, the other two varieties. On the other hand CIANO
COCORIM-92, which was the most productive in the other three dates, in the last one, april 4,
its differences increased significantly in comparison with the other two.

In the Dxl interaction, the highest production was observed in the march 6 date, but yield
response was most variable in the treatment were the first irrigation was applied at the onset of
the squaring stage (Fig 2); in early and late plantings (January and april), this treatment tends to
produce less that the blooming stage treatment. The lesser yields were observed in early and late
plantings (January, march 19, and april 4), when the date of the first irrigation was at the
seedling stage.
In the IxV interaction, all varieties had the highest yield when the first irrigation was
applied at the onset of the square stage, but the response was different for CIANO
COCORIM-92 and CIANO YAQUIMI-86, while the former one was affected negatively when
the first irrigation was applied at the seedling or at the blooming stage (Fig. 3), YAQUIMI-86
showed a positive response, obtaining the highest yield with the blooming stage treatment. The
different response may be because COCORIM-92 is of determinate cycle (with a more strict
humidity regime), while YAQUIMI-86 is indeterminate, this results comply with the findings of
Ortiz (1992).
Literature Cited
(1) Hernandez, A. y Pérez, L. 1993. CIANO COCORIM-92, CIANO ALAMOS-92, y CIANO
TAJIMAROA-92, nuevas variedades de algodonero. Folleto Técnico No. 18. CEVYCIRNO-INIFAP.
(1) Hernandez, A. y Pérez, L. 1990. Efecto de la Fecha de Siembra y Densidad de Población en
seis genotipos de algodonero (ler. ano). Ciclo PV 1990. Rcporte Técnico.
CEVY-CIFAPSON.
(2) Hernandez, A. et al. 1988. Guia para producir algodón en el Sur de Sonora. Folleto para
Productores Num. 17. Enero 1988. CEVY-CIFAPSON.
(3) Ortiz, J. 1992. Retraso del primer riego de auxilio en algodonero: variedad CIANO
YAQUIMI-86, bajo suelos de barrial, Ciclo PV 1991. Reporte Técnico. CEVY-CIFAPSON.
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RESPONSE OF COTTON (Gossvpium hirsutum. L.) TO
THE DATE OF APPLICATION OF FIRST IRRIGATION
IN THE YAQUI VALLEY, SONORA, MEXICO.
J.E. Ortiz* and A. Hernandez. Centro de Investigaciones Agricolas del Noroeste (CIANO). A. Postal 515, Cd. Obregón, Sonora, México.
INTRODUCTION. In the Yaqui Valley, cotton area depends on the water availability in the
regional dams, as well as the price in the international market. Cotton area has varied from 3,500
to 40,000 has in the last five years. About its use consumptive, this crop is included into the three
most consuming, with 60% of its demand during the hotter months of the year (march to July).
The amount of water applied by farmers is 122 cm (8 to 9 irrigations) with 64% efficiency. The
objective of this study was to define the plant stage where the first irrigation must be applied, to
improve efficiency in the use of water, and concomitantly increase yield and productivity.
MATERIALS AND METHODS. This study was conducted in the Yaqui Valley Experimental
Station (CIANO), during two years: 1992 and 1993, in a clay soil with compaction problems, 1%
organic matter, pH 8.2, without salts and bulk density equal to 1.2 gr/cm3. We evaluated six
irrigation treatments in 1992; the treatments were: 1) first irrigation 35 days after preplant
irrigation, 2) 45 days, 3) 55 days, 4) 65 days, 5) 75 days, and 6) 85 days; subsequent irrigations
were applied when the available humidity in the soil was 30%; the seeding date was 24 of March.
During 1993 four treatment were evaluated, according to the phenology of the crop: 1) first
irrigation in seedling stage (six to seven branches), 2) first squares, 3) first blooms, and 4) first
green bolls (second week of blooming); subsequent irrigation where applied when the available
humidity in the soil was 25%; in 1993 the seeding date was march 19. In both years CIANO
YAQUIMI-86 and CIANO COCORIM-92 were the cultivars planted, a hierarchical experimental
design was used, every treatment had 8 furrows 100 cm wide and 100 m in length, with four
replicates. Treatments were applied with surface irrigation with pipes 1.5" in diameter, the
amount of water was measured to compare efficiencies. Seedcotton yield (kg/ha), lint percent,
boll size (gr), and earliness (yield at first pick), were measured and submitted to statistical
analysis.
RESULTS AND DISCUSSION. Highly significant differences were detected among irrigation
treatments in the analysis of variance for 1992 seedcotton yield, on the other hand cultivar yields
were statistically equal. In regard to irrigation treatments, the only significant difference was
between the treatment that involved the application of the first irrigation at 85 days after the
preplant irrigation (second week of blooming), (3,585 kg/ha), and all the other treatments
(ranging from 4,367 - 5,033 kg/ha). Ortiz (1991) found that it was not significantly different to
apply the first irrigation 35 to 75 days after the preplant one for CIANO YAQUIMI-86 in the end
of febraary seeding date, even when CIANO YAQUIMI-86 has started blooming already. It is
very important to stress that in 1992 CIANO COCORIM-92 had one or two bolls, while CIANO
YAQUIMI-86 had none in the 85 days treatment. In relation to cultivar yields, CIANO
COCORIM-92 and CIANO YAQUIMI-86 had 4,472 and 4,464 kg/ha, respectively.
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Fiber characteristics like length, or strength, or micronaire index, was not influenced by
the date of first irrigation, either if it was applied too early or too late. Yield at first pick and lint
percent were highly correlated with scedcotton yield.
Highly significant differences were detected among the irrigation treatments in the 1993
seedcotton yield analysis. The highest yield, 5,105 kg/ha, was obtained when the first irrigation
was applied at the first week of squares, being statistically equal to the treatment of first blooms,
4,843 kg/ha (5% less than the former one). It is very important to remark that the treatment of
first bolls had a yield of 4,436 kg/ha, 13% lesser than the best treatment, but with 30 cm less
water use, and with only 5 irrigations. On the other hand, the lowest yield was obtained when the
first irrigation was applied at the seedling stage (4,397 k/ha, with eight irrigations and 88.6 cm of
water), and it was significantly different to the first squares and first blooms treatments. The
results of 1992 and 1993 agree with those of Palomo £t §J_ (1974), who reported that first
irrigation at 60 days after planting (first blooms), increased yield. In our experiments, the most
efficient treatment was the first bolls treatment, with 0.753 kg of seedcotton/m 3 of water, and the
less efficient was the one when the first irrigation was applied at the seedling stage, with 0.496
kg of seedcotton.
Lint percent and seed index were not affected by the irrigation treatments. Boll size was
higher when the first irrigation was applied at first squares and first blooms. Micronaire index
varied from 4.8 to 5.0, and were not influenced by the irrigation treatments also.
Finally, these results point out the anomaly found as a common practice of the Yaqui
Valley farmers who apply the first irrigation on plant at the seedling stage. Our results indicate
that it is possible to reduce the amount of water applied to cotton, because our results show that it
is feasible to obtain high yields with 52.9 - 75.7 cm, in opposition to the 122 cm that the regional
farmers apply.
LITERATURE CITED
1.- ORTIZ, E.J.E., Y GANDARA, R.E. 1988. Evaluación de cuatro genotipos de algodonero
(Gossypium hirsutum, L.) bajo dos metodos de sicmbra y seis niveles de humedad en el Valle del Yaqui, Sonora, IV Congreso Nacional de Irrigación. Memorias 1988. p. 220-221.
2.- ORTIZ, E.J.E. 1992. Retraso del primer riego de auxilio en algodonero: variedad CIANOYAQUIMI 86, bajo suelos de barria. Ciclo P.V. 1991. Reporte Técnico. CEVY-CIFAPSON.
3.- PALOMO, G.A. 1974. Efecto de la población de plantas, numero de riegos e intervalos al
primer riego de auxilio sobre la fenolog ia del algodonero, rendimiento y calidad de fibra en:
algodonero 1974. Informe de Investigación Agricola en la Comarca Lagunera. CLANEINIA-SAG. p. 181-202.
4.- SALTER, J.P. and GOODE, E.J. 1967. Miscellaneous seed, flower and fibre Crops. Cotton
Crop, response to water al different stages of growth. Common-wealth Agricultural Bureau,
p. 72-78.
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Soils and Irrigation Waters Pollution at Tizayuca, Hgo.
(México)
E. Robledo S*., L. Corlay Ch., J. Pineda P. and A. Vazquez A. Department
of Soil Science, Universidad Autónoma Chapingo, 56230 Chapingo,
Méx.,
México.
Introduction. Continous and inappropiate use of medium and low level quality of irrigation
waters usually causes soil salinization, sodification and/or pollution, therefore soil productivity
and crop quality decrease. Irrigation waters contain several amounts of soluble salts. The water
quality is specified mainly by the kind and level of salts.
Wastewaters derived from domestic and industrial discharges can contain Nitrates, Phosphates,
Ammonium and some heavy metals like Cr, Pb, Cd, Ni, etc. Hazardous elements to plants and
plant consumers tend to acummulate in soils, if these waters are used for soil irrigation.
Neighboring farmers from dairy production center area of influence at Tizayuca, Hgo. irrigate
their lands with wastewaters from Las Avenidas river. The river receives discharges
wastewaters from Tizayuca city, dairy production center and industrial city "Nueva Tizayuca"2.
These three waters present different chemical composition. The waters mixture produces a low
quality water and it is affecting soils and crop productivity. In the present work is studied the
water pollution level and its effects to some soil chemical properties throught the time.
Materials and Methods. This study was carried out in the municipality of Tizayuca, Hgo. and
Sn. Bartolo, Méx. Waters samples were collected at 7 sites: domestic (D), dairy production
center (DPC), industrial (I) discharges, and its mixtures, at different seasons (rainy and dry)
and times (morning, afternoon and night). Moreover, the soil sampling (upper and 0-15 cm
depth) were performed at different sites (non irrigated and 5 & 10 years irrigated). Soil and
water samples were analysed for pH, EC, soluble cations and anions, Sodium adsorption ratio
(SAR) and Boron, furthermore N, P, K were determined for soil3.
Results and Discussion. According to parameters', table 1 shows that the water from Las
Avenidas river mixed with domestic discharges (R+D) (samples 1-3) has bad quality because
it presents high EC and high levels of HC03', Na+, CI" and Boron. The water from DPC has
a good quality (samples 4-6) but the mixture R+D+DPC (samples 7-9) keeps a bad water
quality. This mixture is used at ejido Tizayuca, Hgo. The highest values of EC, Na\ and SAR
belong to the industrial water (samples 10-12), therefore the mixture R+D+DPC+I (samples
13-15) has the worst quality level and it is used for irrigate land in ejido San Bartolo, Méx.
The soil affectation is evident, even if N, P, K levels are increased, their levels of EC and Na+
are increased too (table 2). The most affected soils belong to ejido Sn Bartolo, because they
have been irrigated with the lowest quality water.
Conclusions. The high levels of EC, Na+, HC03" and B do not permit use the wastewaters for
irrigation. The water analysed cannot be used without a previous treatment. Evidently, there
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is a degradative process into the soils studied.

Table 1. Chemical analysis of wastewaters from Tizayuca, Hgo.
Sanrole

DH

EC

Na*

HCO,

dSm"1

1
2
3
4

7.1
7.7
7.5
8.6

3.82
4.53
4.04
2.94

9.6
10.6
9.1
. 8.6

38.4
44.6
45.2
28.2

5
6

8.9
7.9

2.48
2.01

13.2
8.1

23.6
19.8

B

CV

meqV 1

SAR

ppm
8.5

3.55

4.17

10.0

3.99

4.36

11.0

4.03

3.95

6.0

2.75

3.74

5.0

2.71

6.60

4.5

1.85

4.05

7

8.4

3.25

9.8

32.0

7.5

2.94

4.43

8
9

7.7
7.7

3.01
3.84

9.1
15.9

29.2
31.8

8.0

2.91

4.11

6.0

3.45

7.04

10

7.5

6.05

64.6

10.4

5.0

1.08

33.14

11
12
13
14
15

7.0
7.4
7.9
7.7
7.9

9.79
5.74
4.16
3.75
3 42

94.5
54.7
23.4
18.4
13 7

8.4
8.0
24.2
32.4
32.4

4.0

1.40

47.85

9.0

1.05

26.08

7.0

2.38

10.46

5.0

3.19

8.39

7.0

3.62

6.32

1-3 = R (morning, afternoon, night), 4-6 = UPC' (morning, afternoon, night), 7-9 = R + UPC (morning, afternoon, night), 10-12 = 1 (morning, afternoon,
night), 13-15 =• R+D + DPC + I = (morning, afternoon, night).

Table 2. Chemical analysis of soils
soil

depth

PH

N

P

%

ppm

K

EC

Na*

K*

Ca?"

dSirr1

Mq?*

HCO,"

cr

SO/

meal'

a

7.8

0.06

5

383

0.29

0.48

0.43

1.56

0.57

3.2

1.0

0.03

b

7.7

0.05

4

370

0.49

1.56

0.41

7.74

1.03

3.2

1.5

0.28

a

8.0

0.20

33

2914

1.62

6.37

2.52

6.38

1.75

4.8

9.5

0.37

b

7.8

0.16

23

2158

1.670

7.41

1.95

8.04

2.08

3.8

10.0

0.42

T2

a

7.9

0.22

85

2702

1.47

5.07

2.91

5.29

1.60

6.6

10.0

0.58

b

7.3

0.17

73

2833

1.02

5.59

2.41

3.22

0.88

6.6

10.0

0.33

SB1

a

7.4

0.17

129

3319

4.13

23.22

5.91

14.69

4.71

3.6

6.0

2.29

b

7.3

0.14

130

2894

2.15

15.91

4.20

7.72

2.63

2.6

2.5

1.62

SB2

a

7.6

0.26

203

2082

3.97

17.40

5.61

16.43

6.55

2.0

3.5

2.24

6.6
1.63
b
0.20
199
1888
: control, '1' = Tizayuca, SB = Sn Bartolo. a = upper, b

8.06

2.94

5.09

2.03

; 4

1 0

0.95

C

Tl
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Pitcher Irrigation - A Technique to Grow Vegetable
Crops With Highly Saline Water
S.K. Dubey and S.K. Gupta. Central Soil Salinity Research Institute, Karnal132001, India

Introduction. Improved irrigation technique could provide water at the right place, at the right
time and in right amounts for optimun plant growth and without invoking salinity hazard to the
soil. The best alternative to date has been the drip or trickle irrigatin which is costly,
technologically complex and replaces labour. Therefore, this system of irrigation is unsuitable
for many developing countries due to non availability of hard cash with the users and availability
of family labour in plenty. A new low cost technology referred to as "Pitcher irrigation" has ben
developed at CSSR1, Karnal, which incorporates the feature of drip irrigation and a semi permeable
lining betwen the water source and the soil. This paper discusses this technique in detail for
growing of vegetable crops with high saline water.
Materials and Methods. The above mentioned technique was tested in various field experiments
during 8 years from 1986 to 1993. The experimental site was located at CSSRI, Karnal, India with
an annual rainfall of 750 mm and a average open pan evaporation 1610 mm, the climate of the area
was semi arid. Major portion of the rainfall (75-80 %) occurs in the four months fron June to
September. This situation is beneficial for pitcher irrigation because it helps in leaching of
accumulated salts.
Pitcher Irrigation. It consists of burying baked earthen pitchers in soil upto the neck (Fig 1).
For this hemispherical pits of 90 cm diameter and 60 cm deep were dug. The soil brought out from
the pit was mixed with 7.5 kg farmyard manure before filling. The pit was filled upto the 30 cm
depth initially. The pitchers were replace in the centre of pit and pit was refilled so as to bury
the pitcher upto it neck. Water is filled in pitchers, and there is natural seepage through their
porous walls. The water spreads laterally maintaining 15-20 per cent moisture around the pitcher
to allow at least 4 plants of any major vegetable to grow. Water is replenished at pre-determined
intervals in the pitchers.
The Experiments. Pitchers used in various studies were of 7 litre capacity. In the laboratory
the parameters such ascapacity, surface areas, total porosity, depth capacityrelationship etc.
were measure. Column studies were carried out to find out the effect of hydraulic head on water
loss through the pitchers. In the field trial, water loss was measured through the pitchers buried
in the soil as well as from those which were kept at the soil surface. The water loss was measured
by refilling the pitchers once a day. once every alternate and once every third day. Five
qualities of water (EC 0.4, 4, 8, 12, 15 dS/m) were used for this study . Healthy seedlings of
vegetable crops were transplanted. Once the seedlings established, only four plants were retained
around each pitcher. The urea was applied through pitcher water. The information on soil salinity,
water used & yiels were collected during growth period of various vegetable crops.
Results and Discussion.
Crop perfomance. The crop which were grown are pumpkin, bottle gourd, watermelon, muskmelon,
spinach, knolkhol, tomato, bittergourd, radish, onion, cauliflower, brinjal and ridgegourd.
Performance of all these crops has been excellent. The yields of crops clearly reveal that normal
or in some cases above normal yields could be obtained with the pitcher irrigation system.
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Use of saline water. Various vegetables crops shown comparatively higher yields with the use of
highly saline water. Watermelon and muskmelon both were found quite tolerant to salinity upto 12
dS/m through at this level some adverse effects of germination was noticed. Tomato could yield
almost 29 t/ha (5000 pitchers) at 12 dS/m. Brinjal was found tolerant upto 8 dS/m. Net weight of
cauliflower had also increased with the increase of salinity. It has been observed that this
technique allows use of high salinity waters than what is normally tolerable in other surface
irrigation techniques. For most of the vegetable crops normally 60-80 cm/ha water is required for
irrigation by surface irrigation methods. In this system we can get normal yield of 12-18 cm/ha
application of water. Thus the water requirement in this method is only l/5th of the water
required in surface irrigation methods,
Applicability of the Technique.
Pitcher irrigation is the most effective technique for
conservation of irrigation water and for utilization of saline water resource, Specifically, this
method of irrigation is most suited to the following conditions:
- Water is either scarce or expensive.
- Soils are difficult to level such as under undulating terrain.
- Soils are very light with high infiltration rate which can not be successfully irrigated by
surface methods of irrigation.
- Water is highly saline and can not be normally used with surface methods of irrigation.
Econmics. Pitchers irrigation is superior to surface, drip and prinkler methods of irrigation. A
fixed cost of 2,500 pitchers omes Rs. 1580 per season and another investment of Rs. 1000 in ash
fetches profits of about Rs. 8000 with various vegetable rops. The profit could be increased by
nincreasing the numer of itchers.
It is concluded that the improved irrigation technique developed has large potential of
application in many developing countries particularly when some arrangements are made to semi
automate the filling operator
Refilling point
Place seedling here

/

Mojs!

zone
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Optimization of Water use Efficiency on Sorghum Production
Systems
G. Briones S*. and A. Rodriguez G. Departament of Irrigation and Drainage

Programa de Graduados UAAAN, 25315 Buenavista Saltillo, Coah., México.
Introduction • In the northern region of the Coahuila state the
springs
water is usually divided by users among themselves
programming a rotation where the hours-water assigned per turn are
scheduled to each user. The streamflow conducted by unlining open
channels to the farm lands is distributed by turns up to complete a
rotation in 15, 17 or 30 days; being more common a 15-days rotation
with a concession of 12 hours-water (4).
On a cultivated field the quantity of water received determines the
irrigated surface by turn but the water sometimes is applied to the
crops although those don't need it. To increase the irrigated
surface by concession, the farmer have developed some agricultural
production systems which combine the delivery fixed intervals of
rotation system with a staggered seedtimes pattern (1) and to
evaluate the productivity and water use efficiency expected in such
a cropping systems a field experiment was conducted in 1991 for
sorghum.
Materials and Methods
from
T h e s o r g hum seedtimes in Coahuila is
March to June,
the growth season last four months with a
evapotranspiration of about 750 mm, the climate is desertie with a
rainfall of 100-200 mm during sorghum season and free evaporation
near to 750 mm/season. The soils are heavy clay loam and the spring
waters have good quality for irrigation.
Four production systems were settled distributing eight turns of a
water concession scheduled at 15-days intervals to irrigate: two,
two, three and four plots staggeringly sow in systems A,B,C and D
respectively; applying four, four, three and two irrigations at the
frequencies shown in Table 1.
Table 1. Irrigation frequencies and seedtimes matched to make
use of eight turns in sorghum production systems
System

A
B
C
D

Applied
irrigation
4
4
3
2

Frequency
at
after
sedtimes
0-45-75-90
0-30-60-90
0-45-90
0-60

Settleid
plots

Staggered
plotl

TWO
TWO
THREE
FOUR

March
March
March
March

plot2
28
28
28
28

April
April
April
April

seedtimes
plot3
12
12
12 Apr.27
12 Apr.27

A surface of 4 ha is generally irrigated with a 12
turn managing by gravity a flow from 150-250 lt/sec.
nearer to a spring receive more water than the last
delivery losses in channels are increased with advanced
15

good
for:
plot4

Mayl2

hours-water
The farmers
because the
distance.

The
grain yield for plots 1 and 2 was evaluated on July 29 and
the plots 3 and 4 were harvested on August 28; the experimental
unit had a surface of 48 square meters with six furrows spaced at
80 cm and a 10-m length studying the four treatments under a
randomized blocks design with four replicates. A water volume of
7 cubic meters were applied per plot each irrigation.
Results and Discussion . The average yield per plot was observed
in a range from 2328 to 4858 kg/ha in response to the treatments,
founding the best results in the system C which gave more high
water use efficiency, more total production and promised the
greater net income than the others one as can be seen in Table 2.
Table 2.

Cropping
system
A
B

c
D

Production, water use efficiency and net income achieved
with four sorghum production systems.
Yie Id per plot (kg/ha)
plotl

plot2

3900
4241
4858
3490

3647
3389
4685
3366

plot3

4317
3035

plot4

2328

Total
production
(kg/farm)
7547
7630
13860
12219

Net

Water use
efficiency
(kg/m*m*m)
0.489
0.493
0.831
0.682

<N$)
4
4
10
5

551
669
385
082

The seedtime delay decreased the sorghum yield response and with
respect to the irrigation by turns the yield per plot showed the
typical behaviour of a production function (2,3) and the same
tendency was observed for the total production per farm which was
maximized with system C; in others studies the irrigation deficit
by turns has suboptimized the wheat yield per plot but maximized
the yield per farm (1).
The net income was estimated as: gross income attained by sorghum
sales minus the production costs. As was beforehand said the
system C gave higher productivity and better efficiency than
the systems A,B and D.
Literature Cited
(1) Briones S. G. 1989. Productivity of a crop pattern irrigated
under a water distribution system by turns Terra 7 (1) : 64-70
(2) Hernéndez R. P. 1986. Efecto de deficiencias de humedad sobre
el comportamiento del sorgo forrajero en el norte de Coahuila.
Tesis licenciatura Universidad Autonoma Chapingo, Mexico. 20
(3) Montenegro H. F. J. 1985. Respuesta del sorgo de grano al
deficit progresivo de humedad. Tesis licenciatura Universidad
Antonio Narro Saltillo, Coah. Mexico.
(4) Rodriguez G. A. 1986. Respuesta del
sorgo de grano a
diferentes contenidos de humedad en el suelo en dos etapas de
desarrollo Memorias XVIII Congreso Nacional de la Ciencia del
Suelo Colima Mexico 45p.
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Water Balance in irrigated maize plots
Neira Seijo, X. and Paz Gonzalez, A. Universidade de Santiago de
Compostela. E.T.S.I.A. de Lugo. 27.002 LUGO. Spain
Introduction. Although annual precipitation in northern Spain is high, a number of
studies have shown that supplementary irrigation may be beneficial. Currently, however,
irrigation tends to be inefficient, which can largely be attributed to poor irrigation systen
design and to the low cost of water to the farmer. In the River Mino watershead in Lugo
province, for example, an area of 52 500 ha is currently irrigated, with total consumption
estimated at 475 hm3per annum. Over the next years the water authority envisages a
doubling of the irrigated area coupled with a reduction of total consumption (2). In the
present study we compared maize yield and soil water balance in for plots which received
different total irrigation inputs over the growing season. We used our data to assess the
validity of an empirical model (3) for the prediction of optimum irrigation imputs.
Material and Methods. Experimental procedure. The experiments were carried out in
1990, in the Terra Cha region. The soil is a Gleyic Cambisol, with a organic coarsetextured Ap horizpn followed by a medium-textured Bw and a fine-textured 2Btg mineral
horizons. It is notheworthy the very low available water capacity of the mineral horizons
(36 mm from 30 to 100 cm depth) as against that of the organic horizon (48 mm from 0
to 30 cm depth). Four 15 x 15 m plots were marked out and sown with maize on 8 may.
Plots were irrigated six times over the growing season; total irrigation imputs to each plot
are listed in Table 1. Irrigation was with a tractor-towed big gun sprinkler up to day 223,
and from then on with a fixed position sprinkler. Soil water profiles were monitored with
a neutron probe (CPN model 501) to a maximum of 120 cm. Tensiometers were used to
confirm that there was not significant deep drainage during the study period. The crop
was harvested on 10 October. Potential evapotranspiration - ETp, estimated by the
Penman-Monteith equation, as modified by Allen et al. (1) - over the growing season was
431.4 mm and total precipitation 122.1 mm.
Empirical model. The model ISAREG (3) is designed to predict optimum irrigation
amounts on the basis of climatic, edaphic and agronomic data. The model requires a)
daily potential evapotranspiration, b) daily precipitacion c) depth of each soil horizon, d)
available water capacity at each horizon, f) crop coefficients for each stage of
development and g) rooting depth.
Results and Discussion. Total water comsumption over the study period (i. e. actual
evapotranspiration, ETa) was highest in plot 1 (which received the most irrigation) and
lowest in plot 3 (which received the least irrigation), as shown in Table 1. However,
water consumption in plot 4 was higher than in plot 2 (which received more irrigation),
since irrigation input to plot 4 was better timed. Crop yield increased with increased
irrigation amount (Table 1).
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The maximum possible irrigation with the big gun sprinkler
was 14 mm. Our results indicate that imputs around this
Irrigation (mm)
147.0 128.0 63.0 96.0
value were generally retained
ETa(mm)
265.0 245.2 218.8 251.5
in the top 20 cm of the soil and
Yield (g p. plant)
230.8 170.2 93.3 58.8
rapidly lost by evaporation.
Observed ETa/ETp 0.61 0.56 0.50 0.58
The fixed-position sprinkler
Predicted ETa/ETp 0.67 0.63 0.50 0.57
allowed larger irrigation
amounts to be applied, so that
Table 1.-Total irrigation amount, Actual ET (ETa) over the wetting front extended deeper and wetting of the top hothe study period, corn yield, observed and predicted
rizon was more homogeneous.
ETa : ETp ratiafor the four experimental plots.
Plot 1 Plot 2 Plot 3 Plot 4

Total ETa : ETp ratios predited by
the model ISAREG show good
agreement with those calculated
from our experimental data using
the water ballance equation (Table
1). The difference between observed and predicted ETa over the
study period in no cas exceeded
30mm. Simulated changes in available water content over the study
period are shown in Fig. 1. Water
deficit occured in all plots during
260
280
300
180
200
220
240
120
140
180
the critical early period of plant
Day of year
growth (when irrigation was applied by the big gun sprinkler),
though the severity of the deficit
Fig.1. Available water time evolution
differed, being greatest in plot 3.
In conclusion, our results confirm for this study area that supplementary irrigation leads
to increased maize yields. Both experimental data and the outcome of the simulation
model ISAREG suggest that small irrigation imputs ( < 15 mm ) are not efficiently
utilized by the crop.
Literature cited
(1) Allen,R., Monteith, J.L., Perrier, A., Santos Pereira, L. and Segeren, A. 1991.
Report on the expert consultation on procedures for revision of FAO Guidelines for
prediction of crop water requirements. FAO. Rome. 54pp.
(2)MOPT. 1992. Plan Hidrológico Norte I. Tomo II. Propuesta de directrices.
Confederación HidrograTica del Norte 127 pp
(3) Teixeira, J.L. and Pereira, L.S. 1990. ISAREG, an irrigation scheduling simulation
model. In: Workshop on crop water models. ICID. Rio de Janeiro.
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Effects of Drip Irrigation Intervals on Distribution and Utilization
of Soil Moisture in a Tomato (Lycopersicon esculentum, Mill)
J.R. Kadam. Interfacuity Department of Irrigation Water Management (PGI),
Mahatma Phule Agricultural University, Rahuri 413 722 (Maharashtra State) India.
Introduction. Drip irrigation has introduced in the last few years
into a growing variety of existing or newly planted vegetables. The
soil moisture content In a drip irrigation is highest beneath the
plants and decrease laterally.
The surface layer of the soil,
beginning at some distance away from the trickier line, remains
usually dry down to a 5-15 cm depth. In this work, the effect of
trickle
irrigation Intervals on the soil moisture regime,
distribution and salinity were examined in an established tomato
crop, together with their effect on water use efficiency as
examplified by tomato yields.
Materials and Methods. The above mentioned variables were tested
in a field experiment during 2 years from 1989 to 1990. The
experimental site was located in Mahatma Phule Agricultural
University, Rahuri, India. Previously, the tomato was irrigated.
The seedlings were planted In 60 x 75 x .45 cm distance In clayey
soil. The soil having 60 cm depthand pH 8.0, field capacity
3
and permanent wilting point 18.5 per cent. The
1.25 g/cm
experiment was arranged in a sample plot technique with seven
replications. Three irrigation interval treatments were applied
during rabi season: daily, alternate and three days interval. Soil
moisture was determined In the row by tenslometer techniques
Salinity was determined in these samples in terms of the
conductivity of the saturation extract.
Results and Discussion.
Profile moisture distribution
The number of irrigation applied
were 120, 60 and 40 under ID , ID
and ID
treatments,
respectively. The available soil moisture was nearly to the field
capacity in all treatments. The soil moisture content range before
irrigation was from 34.5 to 32.5 per cent under IU1, ID and ID
treatments. The available soil moisture fluctuations in black soil
under drip irrigation system were reported by several workers
3
(2&3).
The moisture content at the surface layer was 0.11 cm
—3
3
—3
cm
which had increased to the extent of 0.32 cm cm
at the soil
depth of 45 to 60 cm soil moisture content. The wetting front
advanced to a distance of 20 cm on either side of micro tube and 60
cm below the micro tube after 72 hours and before the execution of
next turn of water application.
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Sol) pH. There was no much difference In pH values under drip
Irrigation methods, eventhough the variable water quantity was
applied at different CPE.
EC. The initial EC values of surface soil samples did not change
significantly due to irrigation treatments but there was slightly
increased in the salt status.
Moisture regime and utilization. It appears from the moisture
content profiles that the main achive root zone is limited to a
strip of about 50 cm radius and 60 cm deep beneath the rows. The
relative efficiency of applied water use production was increase
with shortened irrigation intervals. This result is accomplished
without increasing overall irrigation duties and is effected
partly by available water otherwise lost to deeper soil layer (1).
The concept of drip irrigation was to meet the depleted
available soil moisture on dally, alternate and three days. The
consumptive use in the case of drip irrigation was 155 mm and
180 mm in the year 1989 and 1990, respectively. The water use
efficiency values were highest in the case of drip irrigation
systems, exhibiting the range of 29.0 to 29.9 kg/ha -mm. The
water saving was to the extent of 54% when compared with control.
The following mathematical equations were developed.
Y = 50.9 - 0.053 Cu, where Y =2yield, t/ha, Cu = Consumptive
use, mm R =0.84
Y = 0.64 + 0.014 DM, where y = leaf area index, DM = dry matter
2
per plant, g. R =0.78
Y = -6.97 + 0.81 X

where X = leaf area, dm - 2 Y = Yield, t/ha
R 2 = 0.98

Y = 1.98 + 0.65 X,

where X = Number of fruits per plant,
Y = yield, t/ha R 2 = 0.97

Literature cited
(1) Bafana, A.M. 1988. Nitrogen use efficiency ( N) in tomato
as influenced by surface and drip irrigation. Ph.D.
thesis, M.P.K.V. Rahuri (M.S.), India.
(2) Karmarkar, S.V. 1985. Application of synthetic saline water
applied through drip irrigation for tomato in black
soil (Vertisol) M.Sc.(Agri) thesis, MPKV, Rahuri (MS)
India.
(3) Magar, S.S., Bhoi, P.G., Dahiwalkar, S.D., Firake, N.N. and
J.R. Kadam, 1989. Design operation and maintenance
of drip irrigation system, MPAU, Rahuri, Pub. No.55.
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A Recipe for Continuos Arable crop Production in the
Humid Tropics
Akinola A. Agboola. Department
Nigeria.

of Agronomy

University

of Ibadan,

Ibadan -

Soil productivity maintenance is one of the major constraints in food crop production in the humid
tropics. In the past the slash and bur agriculture was sustainable, but it is no more due to increase
pressure on land arising from increase in population and other pressing competitors for land,
A search for replacement to slash and burn agriculture, which started after the World War 1(19141918) has produced such technologies as green manuring, planted grassfallow, continuos sole
cropping with organic and inorganic fertilizers, organic mulching, modified green manuring (live
mulch and in situ mulch) zero, minimum and partial tillage methods, and of late agro forestry (alley
cropping and alley farming).
After three decades of active research and contributing to the development of the above
technologies, It can be stated that:
With conventional agricultural practices sole cropping with inorganic fertilizer crop yield of the
4th of 5th crop is reduced to less than 25% of the first crop. However with judicious use of 5
t ha-1 of farmyard manure applied once in years in addition to inorganic fertilizer, the yield is
reduced to about 70%.
Due to the sandy nature of the soils they have low water and nutrient retension capacity with low
CEC. The soils are prone to soil erosion on exposure. Since the soils are highly weathered and
ahve limited capacities for supplying plant nutrients the only source of nutrient supply is soil
organic matter.
Local farmers farm under a form of Agroforestry and the reduction of shade casted by tail erosion
to the bearest has been effective in reducing soil erosion to the bearest minimum without adverse
effect on crop yield. Multiple cropping can also reduce soil loss to about 5%.
The local farmers practice all or two of the following tillage practices, zero, partial or minimum
tillage. Under traditional cropping system grains like maize are planted into partially burnt sod,
having some scattered tress without tillage cutlass is used for slashing the weeds. The unburnt
residue act as mat layer. Under such a system maize was cultivated continuously with inorganic
fertilizer banded for a growing seasons. The yield of the 9th crop was 83% if flat of the 1st crop.
The use of organic mulch has been reported as one of the best ways of maintaining soil fertility but
one of the major obstacles in the high cost of labour. The use of in situ mulch secured by killing
weeds with herbicides seem to be one of the ways of overcoming the problem. Another method is
the use of live mulch. Again chemicals have to be used to prevent the chocking up of the crop.
Apart from high cost of chemicals, both technology provide hide out for small animals and pests.
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Alley farming and alley cropping which are the latest have some success, because they are
consistent with the traditional farming system. Despite their similarity, alley cropping alone cannot
be sustainable because of the nature, and density of the planted trees. It can therefore be concluded
that not one of the already developed technologies can replace slash and burn agriculture, but a
combination of a far of the technologies and must include the use of organic and inorganic
fertilizers, crop rotation multiple cropping and a modyied form of alley farming.
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Water table management in temporary flooded areas for
food production in tropical Mexico
C. Olguin and A. Asiain. Colegio de Postgraduados - CRECIDATH, Apartado
Postal 421, Veracruz, Ver., MEXICO.
Introduction. Wet lowlands of tropical areas are one of the ecosystems of highest primary
productivity on earth. However, under the traditional technological approach, they are
considered to hinder agricultural development Few products for man and his domestic animals
are produced in such lands. Attempts to make them productive have been made by using general
drainage systems. However, at the plot level there is no drainage ditches thus fields continue to
flood during the rainy season. On the other hand, during the dry season water table level may
move three or more meters below soil surface producing drought conditions to plants A simple
technique to make lowlands of temporary flooding productive is described in this paper, especially
the production of specific plants that thrive well in high moisture environments such as Taro
(Colocasia esculenta) and water spinach (Ipomoea aquaticd). The technique uses no fossil fuels
to pump water, but water table management instead, to sub-irrigate Taro and produce the
appropriate conditions for water spinach growth all year-round.
Materials and Methods. The system was developed and evaluated from 1986 till 1992 in a
temporary flooded area located within the fields of CRECIDATH (Research and Training Center
for Tropical Agricultural Development) in central Veracruz, Mexico Field facilities consisted of
a four hectares plot with two drainage ditches surrounding it. Two 1.5 m high, 6 m long , 0.25
m wide concrete walls were placed across the ditches in the lowest edge of the field Water level
was controlled by raising or lowering six flexible pipes attached to the bottom of the wall
Seventeen piezometers were arranged on the plot in a net of 20 x 20 m. During the dry season
(January-May, 1986) readings of water level depth were taken three times a week Main chemical
and physical properties of soil were analyzed. Agronomical evaluation of four Taro varieties
(Criolla, Islena rosada Mayajigua, Islena rosada Jibacoa, Islena Japonesa) was carried out. Water
spinach production was also measured.
Results and Discussion. According to laboratory results the soil presented alkaline reaction
and very high clay and organic matter content. Nutrient content may be considered low in
phosphorous, potassium and calcium. Infiltration rate in upper soil layers was too low (0.35 cm
h"1). Field capacity and permanent wilting point were close to 65% and 43%, respectively. These
features are common in soils with continuous water level fluctuations Water level was easily
manipulated to place it close to the soil surface thus providing it with high moisture conditions
necessary for Taro plants production. It also provided an adequate environment for water spinach
production in the drains. Equivalent yield of Taro plants varied from 28 to 32 MT ha-1 year'.
Equivalent water spinach yield reached 950 Kg ha"1 day"1.
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Soil and water management with simple control structures was possible in a low wetland
otherwise underexploited. Organic matter conservation is expected by using this system since
aerobic conditions can be manipulated.
Finally, subutilized drains may become profitable
structures that allow increased land productivity on a low energy income basis. Since the
proposed agrotechnology is well adapted to the environmental conditions by using the appropriate
economic crops and structures, it could be considered as a low impact technique.
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The Soil of The Chinampas, a Threatened Resource
Sommer-Cervantes, I. and Bautista-Zuniga, F. Environmental Analysis
Laboratory. Geography Institute, UNAM. Mexico.
by the
The traditional agriculture has been characterized
efficient use of the biological energy and the intensive
utilization of the labor. Nowadays, millions of farmers continue
using these methods. These methods were considered primitive and
obsolete but it has been demonstrated that the production is high
and sustained.
An area covered by chinampas in the Valley of Mexico is a
testimony of one of the most efficient traditional prehispanic
agricultural systems known.
The word chinampa derives from Nahuatl "chinamitl", hedge or cane
fence and "pan", above or on top of. (l)."The chinampa is an
agricultural, livestock supporting and forestal production system.
It includes fishing in the channels, planting trees on the sides
of the parcel, livestock kept in pens and fed with stubble, weeds
and crop remains". (2)
The chinampas are systems adapted to flooded land. By adding
organic matter and mud the land is raised above the water level.
This is achieved in the following way: by locating the shallowest
sites of the channel and pointing the limits of the ground with
stakes. Amounts of organic matter and mud are added until the
ground is raised to 20 to 25 cm above the water level. Ahuejotes
(Salix bompladiana) saplings are planted every 4 or 5 meters along
the perimeter of the chinampa and then it is ready to be
cultivated. The chinampa can also be made on dry land by digging
artificial channels that define it. The height is controlled by
addition of organic matter and mud. (3)
The plant nursery is made separately with mud of the channels in
square forms. Once the mud is dry small cubes , called "chapines",
are cut. Its size depends on the length of the plants' roots. This
practice allows: the selection of young plants, the saving of time
and space by planning the transplant and the assurance of the
further development of the plant.
Both the soil and the water sustain this system. The water quality
must be good and its supply abundant. This way the irrigation
frequency is reduced and the amount of rain does not play an
important role on the plant development. The changes in the water
amount (potable water supply to Mexico City and avoidance of
floods) and quality (drainage water with secondary treatment)
observed since 1940 have introduced important modifications to the
whole system.
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The soils of the chinampas' sites are of anthropic origin. The
most important facts are not the particular attributes of the
water or the soil, but the close relation among these elements.
The chinampas' soil act like sponge and a continuous capillary
flux of water is established. This effect is due to the
combination
of evapotranspiration
and the huge
amount of
micropores in the soil. The changes that the water sources have
suffered have generated serious salt pollution problems. Precisely
because of the capillary water flux, salts are accumulated on the
soils' surface and the rain water cannot remove them because of
the soils' low permeability.
Up to date very few parcels do not have this problem, i.e. San
Gregorio
Atlapulco,
D.F.
Its
soils
have
the
following
characteristics: Organic Matter 15-40 %, pH 5-6.9, low densities,
C.E.C 9-40 meq/100g, exchangeable Na lower than 7 meq/100g and
E.C. lower than 4 mmhos (5).
Most of the chinampas area is affected by a moderated salinity or
sodicity problem. The characteristics of its soils are as follows:
Organic Matter 21 %, pH 8.2, low densities, C.E.C 58 meq/100g,
exchangeable Na 38 meq/100g and E.C. 14 mmhos (6)
In the worst salinity or sodicity problems, i.e. The Ciénagas
zone, the values are the following: very high Organic Matter, pH
9-9.5, low densities, C.E.C 50 meq/100g, exchangeable Na up to
46 meq/100g and E.C. 3 6 mmhos (7).
Literature Cited:
(1) Castillo-Amezcua, G. 1993. Rehabilitación de suelos de
chinampa a nivel invernadero, paraje Texhuilo Xochimilco, D.F.
Tesis, Fac. de Ciencias, UNAM, México.
(2) Jiménez-Osornio, J. y Gomez-Pompa, A. 1987. Las chinampas
mexicanas. Department of Botany and Plant Science, Univ. of
California, Riverside. U.S.A.
(3)Ibidem.
(5) Bautista-Züniga, F. 1988. Algunos estudios edafológicos en San
Gregorio Atlapulco Xochimilco, D.F. Tesis Fac. de Ciencias. UNAM.
México.
(6) Bautista-Züniga, F. y Castillo-Amezcua, G. 1990. Manejo
intensivo de especies hortlcolas en la zona chinampera de
Xochimilco. Informe interno, Fac. de Ciencias, UNAM. México.
(7) Trejo, C.A. (1984). Estudios edafológicos del ejido grande
Xochimilco. Tesis Biologla. Fac. de Ciencias UNAM.
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HORTICULTURAL DEVELOPMENT UNDER ORGANOPONIC
CONDITIONS IN CIEGO DE AVILA, CUBA AND MEXICO
F. Ruiz F. , L. Pulido D., E. Leal S., Soils Department, UACH, Chapingo, Mexico, ISACA
Ciego de Avila, Republic of Cuba.
Introduction. Given the critical conditions of agriculture and the economy of both countries
the search of viable alternatives for food production demands priority in research for the
development of techniques that can fit to the sustainability concept as is the case of organic
agriculture. Organoponics in Cuba or Biointensive Beds in Mexico (cropping over organic
substrates), guarantees the supply of fresh noncontaminated horticultural produce to small
populations. Based on Mexico-Cuba agreements through UACH-ISACA, the techniques that
have been developed focus on: Understanding the behavior of the different horticultural species
on different organic substrates, physical and chemical characterization and evaluation of the
organic substrates, development of the agroeconomical analyses of this technology.
Method. For Mexico, the biointensive beds were set over "tepetates" (meaning in nahuatl.
hard bed) of 6 meters long, 1.50 m wide and .30 m deep. For the Cuban organoponics, these
were established over ashlers built over rubble work of 4 m long. 1.10 wide and .30 m high.
For the Cuban case the following trials were made:
Crop
Onion seedling (Allium fistulosum L:)

Cabbage (Brassica olevaceae)

Onion (Allium cepa)

Garlic (Allium sativum L)

Organic Substrates
100% molass
50% bovine manure
100% bovine manure
50% earth worm humus
Witness (ferruginous soil)
50% Ovine manure
60% molass
100% molass
Witness (ferruginous soil)
50% molass
100% molass
Witness (ferruginous soil)
50% bovine manure
100% bovine manure
Witness (ferruginous soi)

After the ashlers were placed, they were damped manually and planting was made (in the
optimal time) using the principles of the biointensive method. Soil and the different substrates
were chemically characterized as well as the phenology of the crops and their respective yields.
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Results and discussion. Tables I and 2 the chemical analyses of substrates and yields are
show for each crop.
T a b l e I . C h e m i c a l analyses of t h e substrates used
Substrate type
50% molass
60% molass
100% molass
50% bovine manure
100% bovine manure
50% ovine manure
50% earth worm humus

Ph
(KCI)
6.9
6.9
6.8
6.9
6.9
7.0
7.1

p2os
mg/IOOgr
40
40
40
40
40
40
40

K20
Meq/100 gr
218
219
455
138
257
198
118

Org. Matt.

%
6.5
6.8
10.6
6.5
11.2
7.7
5.6

T a b l e 2. A v e r a g e yield of t h e crops g r o w n on different organic substrates
O r g a n i c Substrate
Onion
Seedling
50% molass
50% molass
100% molass
50% bovine manure
100% bovine manure
50% ovine manure
50% earth worm humus
witness

6.8
5.5
6.8

Crops Yields ( K g / m 2 L
Onion
Cabbage

-

8.2

7
7

-

-

7

-

5.1

5.4
4.1

-

-

4.2

4.1

Garlic

I.I
3.1

2.6

-

Yield results in Table 2 indicate that onion seedling performed best in all of the 100% organic
trials, ever better than on the earth worm humus and all of them have higher yields than of the
witness. For cabbage, the best substrate is molass as compared to ovine manure although there
appears to be a certain toxic effect over this substrate if the crop's phenology is observed.
Wallace J. 1980. Onion responds very well on organic matter doubling its yield as compared
with the witness. Greater doses will noticeably damage the bulb. Guenkov 1969.
Conclusions. Use of this technology is justificable because of the edafic and physiological
demands of the trial crops and the yields attained. On the other hand, the use of organic
fertilizers can replace chemicals on argillaceous ferruginous soils.
Bibliography.
Guenlov G. 1969. Fundamentos de horticultura cubana, ISACA, Cuba.
Wallace J. 1980. Las deficiencias minerales de las plantas. Editorial Ariel, Barcelona.
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Relations Between Hydric Behaviour and Management of
Vertisoils in Cauto Valley, Cuba
G. Cid, Y. M. Cabidoche and J. Herrera. Institute of Researchs on Irrigation
and Drainage, Apdo. 6090, Ciudad Habana, Cuba. Agripedoclimatological Station
of the Caribbean Zone. INRA BP 1232. 97184 Pointe-d-Pitre Cedex GuadaloupeFrance.
Introduction. The Analysis of the processes of shrinkage in soils with swelling clays is very
important because of the great impact they have in the chemical-physical behaviour and in the
potential use of these soils. However, there _are different problems preventing the study
mainly due to the scale factor and the effect of the load of the upper soil layers at evaluating
those processes with isolated aggregates, which has recently motivated the use of methods of study
in field conditions that make possible to explain, fast and accurately,
aspects of their
management.
Methods and Materials. Researchs were conducted on Vertisoils of Monte Alto, province of Holguin,
Cuba. The situation of the hydric reserves and crackirsg (shrinkage curves) were establi- shed
upon the measurements of soil vertical movements with Vertical Displacement Captors of the type
T.H.E.R.E.S.A.(l), supported by the hypothesis of isotropy (2).
Results and Discussion. In clay soils the soil system swells and shrinks continuosly in close
relation with changes in moisture content. This swelling and shrinkage results in opening
and closing of cracks and change in thickness of soil layers. Therefore, calculation of
moisture transport in clay soils cannot adequately be done on basis of the hydraulic conductivity
and the water retention curve only. In clay soils a third relationship is needed: the
shrinkage characteristic.
Hydric behaviour was evaluated considering the shrinkage curves in field conditions given tha
movements registered with Vertical Displacement Captors, the principle of performance of which is
supported on the hypothesis of isotropy, that is also consisted with the experimental results
recently demostrated regrding the accuracy and funtionability of these dispositives (2,3).
The selection of these dispositives was made considering the fact in natural conditions soil
aggregates are subjected to the pressures and forces of the different layers, which has great
influence in the shrinking-swelling process. However, the samples treated in the laboratary,
althought undisturbed, are face of thease pressures. Therefore, we can just know from them
whether them whether the shrinkage processes occur or not, without accurately determinig their
real dimension.
This, was evidenced when comparing the results obtained in this work with Captors and those
reported for samples with aggregates treated in the laboratory for these very same soils (4).
It was observed that although there are certain similarities regarding the general behaviour of
the shrinkage phenomenon, their direction and dimension present marked differences due to the
scale factor used in volume measures. This is due to the fact that while Captors take into
account the whole poral spectrum, including cracks, aggregates do not permit to evaluate this
macrofissure.
Experimental results showed that the shrinkage process in the 15-45 cm layer was characterized by
the formation of separated big cracks and equivalent subsidence in the horizontal component,
which could be definerd by the isotropic model. In the 45-75 cm layer, fissure was not accompanied
by the emergence of a porosity at the slickensides level that avoided soil subsidence. This
phenomen was evidenced in the shrinkage curve with a separation between experimentaly obtained
data and the isotropic model. Despite the differential behaviour in the layers explored by
Captors, the srinkage curves in both of them showed that soil suffers modifications in its poral
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geometry as it is driying, thuss producing an additional porosity as a consequence of the
emergence of small fissured in the structural aggregates and big cracks between soil massives
which constitute the preferential wals for water circulation Meanwhile there remains a
microporosity in the soil matrix through which flow is restricted.
In these soils, due to the trimodal behaviour of porosity and the low diffusivity through the
matrix, it results impossible to apply the concept of field capacity. Therefore, it is suggested
to consider irrigation management criteria, considering as the available water content (AWC)
upper limit, the fissural air intake point (or swelling limits) determined by the shrinkage
curves where the water contained in the tubular pores has drained without apparently causing
any movement of soil solids
On the other hand,
the hydric cuts made show the heterogeneity existing in moisture
redistribution due to estructural changes induced by the emergence of different porosities. It
made that soil water infiltration was characterized by a double dynamics which goes from a fast
percolation through the fissural macroporosity (fisures and cracks) to a very slow diffusion
inside the structural elements of a thin porosity in the soil matrix.
The transformations the soil pores organization experiences constitute a basic element to cosider
in the integral management of soils, mainly in the aspects refered to the election of the moment
to apply irrigation and the preparation works.
Literature Cited.
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Capteurs de Deplacements Verticaux de Sols Argileux "T.H.E.R.E.S.A". Doc. interne INRA No
8711063.
(2) Voltz, M. et Cabidoche, Y.M. 1987. Variations isotropes de volume en sols argileux heterogenes
1. Modelisation. Seminaire du Departement de Science du Sol INRA sur les phenomenes de transfert
dans les milieux poreux deformables. L'isle sur Sorgue. pp 127 - 142.
(3) Cabidoche, Y.M. and Ozier-Lafontaine, H. 1992. Gestion Agricole de 1'eau a la parcelle et
systemes de culture irrigues dans la zone Caraibe. Sixieme Journees Hydrologiques de
L'ORSTOM. "Usage Agricole de 1'eau". Ed. de L'ORSTOM. Paris.
(4) Cid, G. 1992. Efecto de la contracción-dilatación sobre las transferencias de agua y aire en
suelos con arcillas dilatables del Valle del Cauto. Cuba. Tesis presentada en opción al grado de
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An Influence of Soil Water Management on Some Soil Formation
processes and Environment
Yuri Nikolski*. Hydrocience Center, Postgraduate College, México.

Introduction
The agrochemical properties of soils and solar energy consumption
for the soil formation processes depend on hydrotermical local
conditions. The soil water regime is one of the easily managed and
has a strong influence on plants and soils.
A microbiological activity, temperature, gas content, chemical
processes in scils have tight connection with a water content and
water flow in soils. A soil water content and deep percolation of
soil moisture determine a plant growth, water consumption and an
amount of removed chemical and organic matters as well.
Materials and Methods
Available experimental data of different authors (1,2,3,etc) and
personal (4,5,etc) from different climatical zones have been
analyzed to generalize and investigate the regularities of the
influence of soil water regime on plants, soil and some
environmental aspects. The soil water regime was expressed with
two basic characteristics: the soil moisture content and the water
table depth. These characteristics determine a direction and
intensity of water flux through the soil profile and they have
very much influence on a plant, soil, water consumption and on
toxic matters outflow from agricultural lands. The soil moisture
content W and
the depth of water table A are expressed as
dimensionless values:
W=W/Ws ,
A=A/(i// + zo/2), where Ws is
moisture content when the soil is saturated, i// is a capillary head
of soil water which gives a maximum crop yield (very often this
value of \jj takes place when W=0.7Ws), zo is a root zone depth.
Results and Discussion
The generalized diagrams of
some physical, chemical_ and
biological soil processes change as a function of W and A are
presented at the Fig.1. The vertical axis expresses a change of
such factors as: crop yield, root biomass, content of air in the
soil, soil salinity, nutrients percolation into deep soil layers
out of the root zone, soil microbiological activity, value of pH,
content of soil macroorganisms (like worms) in the soil profile
lm depth inside a unit of soil surface, outflow of toxic soil
salts
and
pesticides
from
the
agricultural
lands, water
consumption for irrigation. The microbiological activity is
presented with an intensity of; nitrification (N03) , amonification
(NHi), fixation of nitrogen (N T ), total production of N03 and NH4,
formation ( + ) and decomposition (-) of humus. A content of soil
macroorganisms is one of the parameters of soil fertility. A root
biomass is a greatest source of soil organic matter supply and
reflects the plant activity as well. An air content reflects soil
aerobic conditions. The painted intervals of W and A, which are
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Figure 1. The generalized
diagrams of
soil
water
management
influence
on
plant
growth,
some processes
in
soil
and on some environmental
aspects.
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SOIL FUNCTIONS IN AN ECOSYSTEM
A.S.Kershentsev. Institute of Soil Science and Photosynthesis, Russian Academy of
Sciences, Pushchino, Moscow Region, Russia

Introduction. Modern soil science uses three definitions of soil simultaneously: (a) an object of
labour and a production means; (b) a unique body of nature; (c) a component of the biosphere (ecosystem).
Each of them is a paradigm of a definite stage in the development of soil science.
At early stages it was quite enough to differentiate soils to light, heavy, grey, red, black, forest, rice,
tea, etc.
The second stage started with V.Dokuchaev's discovery of the genetic profile of soil as a feature of
the peculiar body of nature. This formed the basis for a new inventory of the soil resourses of the
Earth, and made it possible to determine the area of virgin soils, territories of the lost last, and to
determine the laws of soil changeability in space.
The third dates back to the X ISSS summit in Moscow (1974) at which soil was determined as a
component of the biosphere. The idea of such a difinition was put forward by V.Kovda, who also
predicted the change of the priorities in soil science from the description of the soil structure (anatomy) to the studies of its functions (physiology).
A new definition of the object of investigations needs new attributes: parametres, evaluation criteria,
classification, diagnosis, measuring methods, and evaluation of the state of soil as a dynamic component of an ecosystem fulfilling an important ecological function.
The main ecological function of soil in the ecosystem is catabolism, i.e. the dissimilation of dead
biomass to simple mineral substances which are again involved in new cycle of matter.
Catabolism is performed by the three functional soil "units": a) accumulation which consists of the
dead organic matter of the ecosystem or necromass (leaf fall, leaf litter, humus); b) dissimilation
which consists of the heterotrophic biota participating in the necromass decomposition: c) translocation or migration, which consists of mineral substanses participating in the biological turnover in the
form of gases, salts, colloids.
Materials and methods. The work was done using the method of mathematical modelling of the
organic matter transformation in soil. The model identification was done according to the data on
soddy podzolic soil and typical chernozyom of the Central Russia. The basic parametres of the
model are: thickness of soil horizons, resourses of organic matter in horizons, mass of annual leaf
and root fall in horizons.
Each soil horizon is a pecular "black box" having one inlet and three outlets. The first is the annual
mass of litter, the latter three are the loss of mineral substances formed during the necromass decomposition from soil to atmosphere (gases), hydrosphere (salt, colloids), and phytomass (nutrients).
With these data, the model made it possible to calculate the time of a complete renovation of organic
matter in each horizon of soddy podzolic soil and chernozyom.
Result and discussion. The soddy podzolic soil substantially differs from chernozyom by the mass
of organic matter and its distribution within the horizons of the profile. Still more distinctions are in
the renovation time (characteristic period) of organic matter in the horizons of these soils (Table).
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Table
Values of the mass of organic matter (M, t/hexyear) and calculated renovation
time (T, years) of the soddy podzolic soil and chernozyom
AO

Al

AB

Bl

Profile

6C

Soil, Horizons
M

T

M

T

M

T

M

T

M

T

M

T

Soddy podzolic soil

30

20

52

60

23

80

16

80

12

80

133

80

Chernozyom

15

4

160

80

200

120

300

220

150

350

825

350

At the annual litter mass of 5.5 tons per nectar of the above parametres each soil profile is characterized by a peculiar combination of horizons. The quantitative evaluation of dynamic parameters
makes possible an object quantitative classification and diagnostics of soil. This allows the measuring of soil changeability with time as well as daily, weekly, and seasonal fluctuations of soil processes.
The study on the regime of soil functioning under different hydrothermal conditions gives the possibility of formulating the law of soil variability with time which is adequate to the law of natural zonality, and allows the development of the theory for managing the functions of natural systems.
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A n Evaluation of Sustainable Land Management in the Cimanuk
Watershed, Java, Indonesia
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Service P.O. Box 2890 Washington D.C. 20013 and
Center for Soils and Agroclimatic
Research, H. Juanda No. 98
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Introduction.
The island of Java, Indonesia has one of the
highest human population densities in the world with a 1990
population of nearly 108 million.
Where population is high,
agricultural land is often highly stressed. To meet demands for
food and fuel, people are often forced to use marginal lands.
These lands are often highly susceptible to degradation caused by
intensive land uses. Utilization of sustainable land management
practices is vital in attempting tc maintain the future viability
of current agricultural lands. The identification of the spatial
distribution of constraints to sustainability becomes important
in order to focus implementation of sustainable technologies to
areas having the greatest need.
The Cimanuk watershed is located in West Java, comprises
approximately 425,000 ha and has a tropical climate.
The
original soil survey was done in 1976 by the Food and Agriculture
Organization and the Soil Research Institute of Bogor, Indonesia
(CSAR, 1976).
The objectives of
this study are to evaluate the spatial
distribution of constraints to sustainable agriculture for the
Cimanuk watershed area. Soil conditions are also matched to crop
performance in order to recommend areas for specific crops, and
an assessment of land use for the area is performed to aid in
land use policy decisions.
Materials and Methods.
The soil map of the watershed at
1:100,000 scale was digitized using Geographic Resource Analysis
Support System (GRASS) geographic information system (GIS). The
digitized map has 622 polygons made up of 158 different map
units. Attribute data for each map unit was entered into a data
base management system to facilitate data base queries.
The
following data was available for each map unit:
USDA Soil
Taxonomy classification to the subgroup level, slope, depth,
texture, coarse fragments, drainage, base saturation, cation
exchange capacity, available P, exchangeable K, and pH.
Results and Discussion.
Maps identifying soil classification,
slope, soil depth, texture, drainage, pH, and
available
phosphorus were produced.
Based on some of these soil
properties, a map showing the biophysical constraints to
sustainable agriculture was also developed.
Four biophysical
constraint classes were defined:
unsustainable, moderate, and
few.
A map unit was classified as unsustainable if: the slope
was steep or very steep, or the depth was shallow, or the coarse
fragment was skeletal, or the pH was very acid or very alkaline.
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Maps were then developed
showing potentials
for growing
particular crops.
Crop potentials were identified using three
classes:
high, medium, and low.
The two most important soil
properties that influence each crop were identified and were used
to create the crop potential classes.
Maps were produced identifying potentials for traditional crops
and include:
paddy rice, upland rice, coconut, bananas and
papaya.
Maps identifying potentials for
nontraditional crops
were also developed and include: cocoa, rosella, jute, oilpalm,
and rubber.
One reason for identifying these nontraditional
crops is that they could possibly provide added economic
stability to the area while maintaining the sustainability of the
land.
Validation of the methods used in making these interpretations
was not performed. Future study of this area to gather more data
is necessary for a more comprehensive assessment. Crop selection
and land use options are largely determined by the prevailing
socioeconomic conditions occurring at a locality.
Therefore,
demographic data is crucial in forming
a valid assessment of
land use options and crop potentials.
Table 1.

Area occupied by different soils

Soil Order
Alfisols
Andisols
Entisols
Inceptisols
Mollisols
Ultisols
Vertisols
Water
TOTAL
Table 2.

Area fHa)
84,174
75,163
26,232
110,120
5,623
98,559
10,732
520
411,123

Percent
20.5
18.3
6.4
26.8
1.4
24.0
2.5
0.1
100.0

Biophysical constraints to sustainable agriculture

Constraint Class
Unsustainable
Many
Moderate
Few
Water
TOTAL

Area fHa)
131,690
179,830
91,584
7,500
520
411,123

Percent
32.1
43.7
22.3
1.8
0.1
100.0

Reference
CSAR, 1976. Detailed reconnaissance land resource survey of the
Cimanuk Watershed Area (West Java).
Publ. Center for Soil and
Agroclimatic Research, Bogor, Indonesia.
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Los Suelos de las Principales Areas Agricolas de
Venezuela, Investigaciones para su Manejo Bajo el
Enfoque de Sistema y con Criterio de
Sostenibilidad de la Agricultura.
A. Sanchez. FondoNational de Investigationes
Agropccuarias
(FONAIAP). CENIAP-IIRA. Aptdo 4653, Maracay. Venezuela.
Resumen. El trabajo discute un planteamiento sobre el enfoque
interdisciplinario de la investigación en manejo y conservacion de suelos, que
presupone una integración entre los niveles cientificos mas basicos hasta los
tecnologicos de mayor concreción o especificidad; teniendo como marco los
lineamientos del Programa de Recursos Naturales del FONAIAP cuyo obietivo
central es: generar conocimientos y tecnologias sobre los recursos suelos y
clima para dar base a la sostenibilidad de los sistemas de producción y a la
conservacion de las tierras agricolas. Bajo este contexto y tomando en
consideracion los requerimientos de tecnologias de los sistemas de producción
en areas agroecológicas de relativa homogeneidad, se proponen
investigaciones operativas para la validación, ajuste o innovaciones practicas
de manejo y conservacion de suelos e interaccion con investigaciones mas
basicas que buscan llenar los vacïos de conocimiento que puedan demandar
las investigaciones adaptativas.
Summary. This paper describes an interdisciplinary approach for the
research of soil management and conservation, including and integrating
basic and applied lines, all within the philosophy of the Program of Natural
Research of FONAIAP. Its central goal is to generate knowledge and inputs on
soil and climate to give support to sustenaible farming system. Under these
principles, and considering the technologies required for the farming system
of homogeneous agroecological areas. We propose lines of research for the
validation and adjustment of soil management and conservation together with
more basic research that cover tha gaps of these applied research.
Bibüografia,
CABRERA, E.; BRAVO DE GUENNI, L. y F. OVALLES. 1992. Proyecto: Evaluación
de Instrumentos de Transferencia de Tecnologia para Agricultura de
Secano. Archivo de Proyectos del FONAIAP.
CASTILLO, J. 1992. Experiencias de la aplicación del enfoque de sistema y el
marco metodológico de la Investigacion/Desarrollo en Venezuela. Revista
Investigación y Desarrollo para America Latina. FONAIAP-<TRAD. Venezuela
(l):59-67.
COMERMA, I . y R . PAREDES. 1978. Principales limitaciones y potencial de las
tierras de Venezuela. Agronomia Tropical 28(2):71-85.
FAO. 1985. Directivas. Evaluación de Tierras para la agricultura de secano.
Boletin de suelos NQ 52. Roma. 289p.
GIL, L. 1992. Proposition de proyecto sobre Estudio de practicas de manejo y
Sistemas de uso de las sabanas orientales venezolanas. Archivo de
Proyectos del FONAIAP. Maracay, Venezuela.
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Environmental Impacts of Dryland No-Tillage Residue
Management Systems in the U.S. Southern Great Plains
O. R. Jones, L. M. Southwick, S. J. Smith, and H. V. Eek,
USDAAgriculturalResearch
Service, P. O. Drawer 10, Bushland, Texas, U.S.A., 79012

Introduction. Adoption of no-tillage on dryland semiarid areas of the southern Great Plains,
with water-limited crop and residue yields, has resulted in increased soil crusting and increased
runoff in comparison to mulch-till. However, due to reduced evaporation, total soil water
storage and overall water conservation were enhanced with no-tillage (1). Increased use of
agricultural chemicals with no-tillage can negatively impact the environment through chemical
or nutrient loss in runoff or by leaching below the root zone which may contaminate
groundwater.
Materials and Methods. We measured runoff volume and sediment, nutrient (NO3-N, Total
N, Bioavailable P, Total P) and herbicide (atrazine, propazine) concentrations in runoff from
field-sized (2-4 ha) graded terraced watersheds cropped in a dryland winter wheat-grain
sorghum-fallow sequence with stubblemulch (SM) or no-tillage (NT). We also took soil cores
on the watersheds and incrementally analyzed to a 6-m depth for NO3-N and to a 3-m depth for
atrazine and propazine content.
Results and Discussion. Annual precipitation averaged 517 mm yr , about 51 mm greater than
normal for the 9-yr research period. Storm runoff averaged 20 mm yr from SM and 44 mm
yr from NT. Most runoff and erosion occurred during the two 11-mo fallow periods involved
in the 36-mo WSF sequence. Sediment loss (water erosion) averaged 1310 kg ha for SM
compared to 600 kg ha yr for NT. Thus, NT reduced erosion to less than one-half of that
from SM. These farm-sized fields are graded terraced and contour farmed; thus, total sediment
losses were expected to be low. Maximum erosion losses observed from individual fields were
6860 kg ha from SM and 3530 kg ha from NT for the 11-mo fallow period after sorghum
in 1984, which experienced 93 mm of runoff.
Total nutrient loss in runoff was very low from these unfertilized watersheds (Table 1) although
maximum concentration in runoff water sometimes exceeded EPA guidelines. NO3-N
concentration averaged 13.8 mg 1 for the 11-mo fallow period after sorghum in 1984.
Maximum concentration of bioavailable phosphorus (Bio-P), the primary contributor to surface
water eutrophication, was 1.6 mg 1 observed on SM during the 11-mo fallow period after
wheat in 1991.
Atrazine, applied at 3.3 kg ha immediately after wheat harvest on NT, had very low loss with
the maximum seasonal loss being only 0.06% of total application. Maximum loss of propazine,
applied at 1.1 kg ha"' to both NT and SM sorghum, was 1.51% of application with greatest loss
observed on SM because of greater sediment loss. Highest concentrations of pesticide in runoff
water were observed when runoff occurred within a few days after pesticide application.
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Improved conservation of precipitation with NT resulted in movement of accumulated NOj-N
to depths below the root zone as shown in Fig. 1. Fortunately, the water table at this location
is at a 70-m depth so contamination of ground water with nitrates in percolated water is not
expected to occur in this dry climate. However, the research shows that no-tillage during fallowincreases the potential for percolation of water containing substantial amounts of NO3-N to
depths below the root zone. Soil samples for atrazine and propazine content by depth have been
taken but analysis will not be completed until January 1994.
In conclusion, adoption of no-tillage management on dryland resulted in increased runoff due
to soil crusting in comparison to stubblemulch tillage; however, NT improved water conservation
because of reduced evaporation. No-tillage reduced erosion by one-half. Water quality of storm
runoff from both NT and SM was excellent and does not appear to contribute substantially to
non-point source pollution of surface water. Increased deep percolation with NT may cause
groundwater contamination with NO3-N where water tables are shallow.
Literature cited.
(1) Jones, O. R., Hauser, V. L., and Popham, T. W. 1993. No-tillage effects on infiltration,
runoff, and water conservation on dryland. Trans. Am. Soc. Agric. Engr. (in press)
(2) Eck, H. V. and Jones, O. R. 1992. Soil nitrogen status as affected by tillage, crops, and
crop sequences. Agron. J. 84:660-668.
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Table 1. Average annual mean nutrient loss in storm
runoff 1984-1992 from wheat-sorghum-fallow on dryland.

o

o No Till

• — •

Annual Nutrient Loss
NOj-N

TXN

BIO-P

Total P

Stubblemulch

0.94

2 54

0.18

0.74

rin (Bui

0.59

1.45

0.11

0-50

Stubble Mulch

E
-C
Q
0>
Q

'5
00

20

40

60

80

100

N03 - N, k g / h a
Flf. 1. Effects of tillage system on depth profiles of sou NOj-N.
Wheal sorghum-fallow sequence and nearby virgin sod. March
1990. The horizontal error bars for the measured values
represent ± one standard deviation. Source (2)

40

The contribution of critical state soil mechanics to
sustainable agriculture
J.M. Kirby*
CSIRO Division of Soils, GPO Box 639, Canberra ACT 2601, Australia

Introduction. Agriculture makes a huge investment of time and energy in compacting soil,
thereby providing an unfavourable environment for root growth. A similar investment is made
in tillage to remove the compaction and re-establish a favourable environment for root
growth. Sustainable agriculture will require management systems that do not lead to
permanent compaction damage and minimise energy inputs. Critical state soil mechanics has
proven particularly useful in understanding the behaviour of agricultural soils in compaction
and tillage, in developing practical soil management procedures and in understanding the
mechanics of root/soil interaction. Critical state soil mechanics therefore has a large
contribution to make to developing systems for sustainable agriculture.
Critical state soil mechanics. Whereas classical tillage soil mechanics models consider only
shear deformation and compaction models consider only volume change, the critical state
concept provides a unified description of shear deformation and volume change. The critical
state concept can be used to decide whether soil will compress permanently or not (for
compaction damage), expand on shear (tillage) or compress on shear (preparation of rice
paddy soils, but also in poorly performed tillage which results in ploughpans) (1). The change
in permeability and structure can also be predicted from the deformation regime (2). The
critical state concept has also been applied to root/soil interactions (3).
Thus, the critical state model provides a comprehensive description of the mechanical
behaviour of agricultural soils and the interaction with structure and permeability, and also the
manner in which strength limits root growth.
Development of rules for sustainable agriculture. There have been a number of examples
where rules for sustainable agriculture have been developed using critical state soil mechanics.
Soil compaction is minimised when the stress imposed by vehicles is lower than the preconsolidation stress (1). The pre-consolidation stress is dependent on moisture content and at
moisture contents drier than the plastic limit, cracking clay soils are generally strong enough
to withstand the pressure imposed by agricultural vehicles. Since shearing can lead to further
compaction, minimising wheelslip is important.
Rules for tillage management also follow from the critical state concept. Most forms of tillage
involve shearing the soil, and desirably this should be accompanied by expansion. This occurs
when the pre-consolidation stress is large, which implies soil that is fairly dry. Deeper tillage
clearly involves higher stresses so the pre-consolidation stress must increase (and
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substantially) with depth if expansion is to occur at all depths. If the pre-consolidation stress
does not increase sufficiently with depth then the soil will expand at the surface but compress
at depth resulting in a ploughpan. The transition from expansion to compression is called the
critical depth for tillage. Shallow leading tine technology which was developed to avoid
compacting deeper soil was based on the critical state concept (4).
Tillage windows (ie, times when the soil is in a condition suitable for tillage) can be explained
by the critical state concept (5, 1). In particular, the wider range of soil moisture in the tillage
window of lighter soils follows from the wider range of stresses in which there is an increase
of permeability when soil is sheared. It should also be clear that when soil is not in a condition
suitable for tillage, then other forms of management that avoid tillage are favoured.
Rice soils are puddled or tilled to decrease water use by reducing the permeability. The
mechanical properties of rice soils are explained by the critical state concept (6). Puddling
should take place in the compressive regime, which requires that the pre-consolidation stress
should be small. This implies that the soil should be wet
Bed systems separate the traffic lane from the seedbed, and offer a sustainable alternative to
conventional cropping. In the traffic lane, the pre-consolidation stress is large and the soil can
withstand large shear stresses without compaction; this makes it more suitable as a roadway.
In the bed, on the other hand, the pre-consolidation stress is small and the soil is therefore
weak. The soil presents fewer restrictions to root growth and requires less energy for tillage.
Conclusions. The critical state concept provides a powerful unified description of the
mechanical behaviour of agricultural soils and the interaction with structure and permeability.
It provides a sound basis for the development of practical soil management rules for
sustainable agriculture under a wide variety of cropping systems.
References
(1) Kirby, J.M., 1991. Strength and deformation of agricultural soil - measurement and
practical significance. Soil Use and Management 7: 223-229.
(2) Kirby, J.M., and Blunden, B.G., 1991. Interactions of soil deformations, structure and
permeability. Australian Journal of Soil Research 29: 391-404.
(3) Hettiaratchi D.R.P. 1990. Soil compaction and plant root growth. Phil. Trans. R. Soc.
London B329: 343-355.
(4) Spoor, G. & Godwin, R.J. 1978. An experimental investigation into the deep loosening
of soil by rigid tines. Journal of Agricultural Engineering Research 23: 243-58.
(5) Hettiaratchi, D.R.P. 1987. A critical state soil mechanics model for agricultural soils. Soil
Use and Management 3: 94-105.
(6) Blunden, B.G., Kirby, J.M., Humphries, E., and Muirhead, W.A., 1993. Mechanical
properties of a rice soil. Soil and Tillage Research 26: 55-67.
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No-Tillage System as a Means to Sustainability of Tropical
Oxisols of "Cerrados" in Center-West Brazil
P. L. de Freitas*, Ph. Blancaneaux, A. M. de Carvalho, and J. R. Correia.
EMBRAPA-CNPS - Centro-Oeste, C P- 10125, 74021-970, Goiania (GO), Brazil.
Introduction. Around 20 % of Brazil's Territory is occupied by the Bioma "Cerrados", located mainly
in the Center-West Region of the Country. At least 50 million ha have potential for intensively
mechanized agriculture, once overcome their chemical and physical limitations. Characterized by the
climate (average annual precipitation of 1500 mm, with 150 days of continuous drought and rains with
intensities of more than 100 mm/hr in the wet season), the "Cerrado" presents a large diversity of
vegetation and soils, with predomination of Oxisols occurring in 45 % of its area. The average texture
of these soils is clay and very clay with high infiltration capacity, due to the strong microaggregation,
deep, moderate susceptibility to erosion and low natural fertility. However, after a few years of
continuous cropping, these soils quickly loose their productive capacity, especially under the intensive
tillage with conventional systems using heavy disk implements in non-optimal moisture conditions.
The main reason for this decline in productivity is the decrease of organic matter content and the
deterioration of soil physical properties, mainly the structural condition, which result in compaction and
are the main cause of the acceleration of erosive processes. These phenomena affect water and nutrient
availability and uptake in the soil as well as root system development and crop growth and yield.
The no-tillage system, as a part of integrated agroecological management, has evolved as an
excellent means of controlling erosion and conserving soil under the unfavorable conditions of
"Cerrados". The long term success of this new system depends on the adoption of associated fanning
practices, such as crop rotation, green manure and cover crop management, disease and insect integrated
control, etc. The research program developed by the National Soil Research Center (EMBRAPACNPS), conducted in cooperation with the ORSTOM-France, is diverted towards with the sustainability
of agricultural production in the "Cerrados" of Center-West Brazil (1). The main objective is to produce
technical recommendations ofalternative practices to maintain and increase soil productivity, supported
by the detailed study of its structure under natural and antropic conditions, in order to understand the
relationships between soil structural conditions, root growth, crop yield and return to farmers and to the
society.
Materials and Methods. The study was conducted on experimental stations and farm sites where
alternative and conventional systems of soil tillage and crop planting were tested. The sites were located
in the State of Goias, in clayey Oxisols (Dark Red Latosols), under "Cerrado" vegetation.
For the detailed morphological analysis of the soil under different tillage systems, an adaptation of
the "cultural profile" technique was utilized (2,3), complemented by physical, chemical and biological
determinations, using advanced techniques, such as micromorphology/image analysis, electronic
microscopy, mercury intrusion and retraction analysis. Particular attention was given to the dynamics
of organic matter, biological activity, water, air and nutrient dynamics and microscopical organization
of soil structure.
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Results and Discussion. Morphological analysis of the soil structure, after applying different systems
(conventional, with heavy disc harrow, and recently introduced alternative, with deep moldboard or
disk plows, scarification and no-tillage) allowed us to show that, with the chemical deficiencies of
Oxisols amended, the utilization of the no-tillage system generates many advantages under the
conditions present in the "Cerrado" area; maintenance of favorable soil structural condition, including
high porosity, good pore-size distribution and internal drainage, were observed. Extremely high
biological activity and variety of soil fauna were observed, favoring the deep incorporation of organic
matter and root penetration. Also observed were an effective water and wind erosion control and a
decrease in the susceptibility to compaction and crusting. The following comparison ofthe performance
o f each system showed a minimization ofpesticide, fuel and fertilizerutilizationunderno-tillage system
and a higher income for different cash crops such as soybeans, corn, beans or rice.
Literature Cited.
(1) Blancaneaux et al. 1993. Le zérotillage et les methodes alternatives comme pratique de
conservation des sols sous vegetation de "cerrados" du Goias. Cahiers ORSTOM, s. Pédologie,
spécial Erosion, Montpellier, 1993 [printing].
(2) Gautronneau, Y. & Manichon, H. 1987. Guide méthodique duprofilcultural. Paris, Geara et Ceref.
71 p.
(3) Blancaneaux etal. 1991. Sistematizacao e adaptacao da metodologia para caracterizacao do perfil
cultural. In: Reuniao de trabalho para correlacao dos estudos de perfil cultural. Londrina (PR),
Brasil.
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Soil changes in afforested farmland
A. Alriksson & M.T. Olsson, Department of Forest Soils, Swedish
University of Agricultural Sciences, P.O.Box 7001, S-750 07 Uppsala,
Sweden
Introduction. The aim of the studies was to test the hypothesis that afforestation changes
the content and distribution of soil organic carbon, nutrients and pH in the A-horizon of
land previously used in agriculture and that such soil changes depend on stand
development and tree species. Due to agricultural policy about 800 000 ha of agricultural
land in Sweden may be available to different land use, for example forest plantation and
there is an interest to investigate environmental effects of changing land use. The poster
will present effects on soil changes caused by different tree species, but results presented in
this abstract only deal with soil changes in different age classes of Norway spruce.
Materials and methods. Study sites were located in soutern Sweden. The tree plantations
were commercially established on former agricultural fields and planted with different tree
species (Picea abies, Populus sp.and Betula sp.). The plantations were of different age,
ranging from 20-60 years. The sites were afforested within a ten to fifteen year period after
abandonment. Samples from the litter layer were collected with 0.04 m2 square steel
frames. Since the O-horizon was thin or absent, sampling underneath the litter layer was by
depth increments. Litter weights and mineral soil bulk densities (<2mm) were used to
convert values for soil properties from a weight basis to an areal basis. All laboratory
investigations were carried out on soil soil particles < 2mm. pH was measured in the
supernatant of suspensions with deionized water and by 0.01 M CaCl2. Exchangeable
cations in litter and soil were determined by atom absorption spectroscopy in 1 M NH4C1
extract (Ca, Mg, K, Na) and titrimetically in 1 M KC1 extract (H, Al). Total organic carbon
and total nitrogen were determined by an elemental analyzer (Carlo- Erba NA 1500 series
2). Cation exchange capacity (CEC) was calculated as the sum of exchangable cations and
acidity. Base saturation percent (BS) was determined as the ratio of base cations to CEC.
In an attempt to quantify the carbon accumulated (Ca) in the soil since afforestation, the
layer 15-20 cm was regarded as a reference layer with a carbon content equal to that of the
Ap horizon during the previous agricultural land use. During the agricultural land use the
soil was ploughed and homogenized to approximately 20-25 cm depth. By subtraction of
the carbon content (g dm"3) in the reference layer( 15-20 cm) from that of overlying layers
and with corrections for depths of the soil layers and addition of carbon in the litter layer,
an estimation was obtained of the carbon accumulated since planting of the trees.
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Results and discussion. In the study of soil changes in different age classes (20 years
(Y20), 40 years (Y40) and 55 years (Y55)) of Norway spruce on afforested farmland the
total amount of carbon (Ct), in litter plus 0-15 cm soil, increased with stand age, although
differences were not significant between Y40 and Y55. Carbon accumulated since
afforestation (C„) was about 10 tonnes ha"1 in Y20 and about 19 tonnes ha"1 in the older
treatments. Of C, about 20 % was found in the litter layer, 50 % in 0-5 cm and 30 % in 515 cm. Soil pH did not differ significantly between treatments in the top 5 cm but was
about 0.1-0.2 units lower in the older age classes in the bottom part of the horizon. Cation
exchange capacity and base saturation were about twice as high in Y40 and Y55 compared
to Y20. Despite a longer time of litter input from the canopies and roots in Y55 compared
to Y40, there were no significant differences in C„ among these age classes. This is
probably due to differences in litter fall and decomposition rates created by heavier
thinning in Y55. According to literature (4) the conditions for decomposition improves
when stands are thinned. Theorethical calculations (1), based on short-term litter-bag
decomposition experiments, indicated that Norway spruce may accumulate about 50
tonnes of C ha"1 in the L+O layers in 50 years. However, there are reasons to believe that
decomposition rates and accumulation of organic matter are different in old forest soils
compared to soils previously used in agriculure. An empirical model (2) from an old-field
of loblolly pine indicated that the decline in pH with time resulted largely from the
reduction in base saturation of the exchange complex. The proposed correlation is
inconsistent with results from this study where base saturation generally increased with
stand age but pH decreased somewhat with age. The increase of organic matter in the
horizon may have caused this pH trend. Studies (3) show that organic horizons have a
lower pH compared to mineral soil at the same BS. Our results indicate that afforestation
of agricultural soil may cause substantial changes in ecosystem biogeochemistry. However
research in replicated plantations would be desirable to improve the understanding of the
effects on soils of different texture and effects of different tree species on agricultural soils.
Literature cited.
(1) Berg B 1992 Under vilka tradslag bildas humus. Skogsfakta Nr 10. SLU-Info, Uppsala. (In Swedish).
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(3) Hallbacken L & Popovic B 1985 Markkemiska effekter av skogsmarkskalkning. Revision av skogliga
kalkningsförsök. Report PM 1880, National Swedish Environment Protection Board, Solna, 240 pp. (In
Swedish with English summary).
(4) Miles J 1985 The pedogenic effects of different species and vegetation types and the implications of
succession. J. Soil Sci 36, 571-584.

46

A Rational Approach to Agro-Ecological Zonation
Pro A.R. Subramaniam. Dept. of Met. & Ocean., Andhra
Visakhapattnam 530003, (A.P.), India

University,

Abstract
Several Agro-ecological zonation s t u d i e s were mace e a r l i e r
(Murthy,R.S. and Pandey, 3 . 1978, Panabokke, C.R. 1979 and o t h e r s ) .
In t h e s e s t u d i e s the authors p r i m a r i l y depended upon r a i n f a l l
alone f o r the e v a l u a t i o n of moisture s t a t u s of a region, while
i n t h i s study t h e index of moisture adequacy (I ma) which i s a
r a t i o of a c t u a l - e v a p o t r a n s p i r a t i o n to p o t e n t i a l - e v a g o t r a n s p i r a t i o n as obtained from Thornthwaites, C..-J. and Mather, X./l. (1955)
method i s u t i l i z e d , i n s t e a d of mere r a i n f a l l and s i x moisture
adequacy regimes are c l a s s i f e d . Data of 160 meteorological
s t a t i o n s in I n d i a are taken for a n a l y s i s and moisture adequacy
regimes were demarcated. The s o i l s of I n d i a were c l a s s i f e d f o l l owing ï'AO-UNilSCO Scheme (1974) and s i x s o i l regions demarcated,
and t h e s e are then super imposed on the moisture adequacy regime
map. The r e s u l t a n t a g r o - e c o l o g i c a l zones are i d e n t i f i e d and
demarcated. I t i s found t h a t t h e r e are 29 d i f f e r e n t types of
a g r o - e c o l o g i c a l zones of the p o s s i b l e 36 combinations. Six
groupings of zones have been made for a p p r o p r i a t e t r a n s f e r of
agro-technology. The p a t t e r n of crops grown i n each a g r o - e c o l o g i c a l zone under d i f f e r e n t groups have been broadly c l a s s i f i e d
and t h e a g r o - e c o l o g i c a l zones f a l l i n g under each group are
notes.
Thornthwaite C.rf and Mather R. d. (1955) : The Water 3alance
Publ. i n Clim. Drexl I n s t , of Tech., Baltimore J.N. U.S.A.
Note No.8
Murthy R»S. and Pandey, 3 : Delineation of Agro-Scological
Regions of I n d i a . Natnl.Bur. of Soil Survey & Land Use Planning
(ICAR) New Delhi, 1978.
Pannabokke, C.R. : Agro-Scological Zones of South & 3outh-3ast
Asia. ?A0 Regional Office for Asia and the i?ar East, Bangkok,
Thailand 1979.
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Green Manure Technology: Potential, Use, Limitations
M. Becker and J.K. Ladha. West Africa Rice Development Association
(WARDA), B.P. 2551, Bouaké, Cöte d Ivoire and International Rice Research
Institute (IRRI), P.O. Box 933, Manila, Philippines.
Introduction. The benefits of using legumes to improve soil has been debated for many years.
With growing concerns about sustainability, there is a need to thoroughly assess the role of soilimproving legumes in agricultural systems. We reviewed recent progress, potential, and
limitations of green manure (GM) technology, using lowland rice cropping systems as an
example.
Major GM species and their N2fixationpotential
Only a few legume species are used as GM in the pre-rice niche in lowlands. Sesbania
cannabina is the most widely used GM in the warm tropics of Africa and Asia while Astragalus
sinicus is common in the cool tropics. Stem-nodulating S. rostrata has been most prominently
used in recent research. Fast-growing, pre-rice GM legumes show high N accumulation (80-100
kg N ha-1 in 45-60 days of growth), about 80% of which is derived from biological N2 fixation.
Average amounts of N accumulated by these GMs can entirely substitute for mineral fertilizer N
at current application rates. With similar N use efficiencies, N from GM is less prone to loss
mechanisms than is N mineral from fertilizers and can therefore have long-term residual effects
on soil productivity.
Green manure use
Inspite of this high potential and the positive effects on soil physical and chemical parameters,
the use of GM legumes for lowland rice production has dramatically declined during the past 30
years. The relatively low price of urea N (about US$380 Mg~l of N) is probably the main
factor in this reduction. The unreliability of GM performance, unavailability of seeds, and
labor-intensive operations are agronomic constraints that can easily be overcome by
multidisciplinary research efforts. An unfavorable economic comparison of GM with urea use
requires recognition, holistic evaluation, and extrapolation of socioeconomic and biophysical
niches where GM has comparative advantage over mineral N fertilizer.
When socioeconomic conditions are favorable and legume seeds are available, hydrology
seems to determine the competitiveness of GM with mineral N fertilizers. Repeated soil drying
and wetting cycles during rice growth increase mineral N losses by denitrification and leaching.
Consequently, GM may be preferred over mineral N fertilizers in many unfavorable rainfed
situations. Soil texture seems to be another important factor that determines GM use. As sand
content of soil increases, urea N use efficiency decreases. Soil texture, however, only slightly
affects GM N use efficiency. Niches for pre-rice GM use are generally characterized by a
relatively short time span available for GM growth and a moisture regime that is unfavorable for
cash crop growth (rainfed lowlands with coarse-textured soils).
Constraints in GM adoption
Use of GM technology in rice production is affected by the following developments: (1) Rice
production systems have been intensified and commercialized during the past two decades.
Because farmers look for multiple benefits from their investments, systems using GM will have
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to provide multiple-use solutions to be acceptable. Green manure technology providing direct
economic benefits will be the key in most situations. (2) Green manure technology must be
adapted to well-defined niches within specific cropping system. The niches where single-purpose
GMs fits, will be limited to conditions where alternative crops are not competitive or where GM
provides benefits other than just N, (such as, increased soil waterholding capacity, alleviation of
soil toxicities). These environments are often marginal for lowland rice production.
Cost of labor and price of mineral N fertilizer ultimately determine the cost-effectiveness —
and thereby, farmers' adoption - of sustainable pre-rice GM technology.
Conclusion. The importance of agronomic issues in the adaptation of green manure
production systems stands in striking contrast to the large gaps in knowledge and technology.
Only a targeted research initiative on agronomic aspects of green manure production systems can
address these issues in a systems framework. The critical issues of seed production, crop
establishment, and pest management are the major areas on which research efforts will have to
concentrate. In green manure technology, like in any systems evaluation, farmers participation is
critical. Anthropologists and agronomists, backed by economic evaluation, need to work as a
team.
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EFFECTS OF SOYBEAN RESIDUES AND TILLAGE
SYSTEMS ON SOIL PHYSICAL AND CHEMICAL
PROPERTIES OF OXISOLS FROM CERRADOS REGION
IN BRAZIL
DIMAS V. S. RESCK* AND ANTONIO C. GOMES. EMBRAPA/CPACCerrados Agricultural Research Center, Brasilia-DF, Brazil.
In the Cerrados region the majority (46%) of soils are represented by Oxisols
(Latosols) typically chemically poor and with low activity clays. Available water,
comprehended between -6 kPa and -100 kPa water potential, which is about 10% by
volume, is hold by soil structure under natural conditions.
To increase soil water availability to the crops soil structure has to be improved.
Cation exchange capacity contribution from soil organic matter is a very important factor
in forming soil structure. It can be up to 80%, depending on soil management system
applied, i.e., liming and fertilization, besides soil tillage systems.
The effects of different tillage systems, such as: disk plowing (DP), moldboard
plowing (MP), chisel plowing (CP) and no-tillage (NT) were tested on field cultivated with
soybean from 1981 (after two years of cultivating rice) to 1988, including three years of
fallow period, from 1983 to 1985
Soils samples were taken at 0-5, 5-10, 10-20, 20-30 and 30-40cm depth under those
different tillage systems in a clayey dark-red latosol before sowing soybean (period 1,
October 86), before harvesting (period 2, May 87) and again in 1987 (period 3, October
1987) and in 1988 (period 4, May 1988). Soils were analysed for organic matter,
Ca+Mg, water-holding capacity at -6 kPa, -10 kPa, -33 kPa, -100 kPa and -1500 kPa
water potential, total porosity, macroporosity (pores > 24 \xm) and micropores (pores <
24 urn).
After the fallow period, in the period 1, it was established a difference in organic
matter content among the tillage systems. NT had 3.96%, MP 3.24%, CP 2.74% and DP
2.56%, all significantly different. During the two-year period of soybean cultivation there
was a significant decrease in organic matter content for all treatments: NT=1.32 (3.96%2.64%), MP=0.82 (3.24%-2.42%), CP=0.49 (2.74%-2.25%) AND DP=0.28 (2.56%2.28%). At the end of that period NT=2.64%, had higher and significantly different
organic matter content than MP=2.42%, CP=2.25% and DP=2.28%.
Ca+Mg diminished with depth during the two-year period. There was no significant
difference among treatments although CP showed values=4, NT=2.96, MP=2.16 and
DP=2.14cmol(+)kg- 1 .
Chisel plow had higher values for Ca+Mg than the others treatments on each depth
studied. No-tillage, moldboard and disk plows were comparable.
There was difference among periods for all treatments with respect to water-holding
capacity and soil pores size distribution. Soil pores of all sizes for all treatments
increased after two-year period of soybean cultivation however there was no difference
among tillage systems for pore size distribution and water holding capacity. The
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available water comprehended between -6 kPa and -100 kPa water potential increased
for all treatments, except no-tillage, from Period 1 to Period 3. That increase was: CP
(14% to 15.4%), MP (14% to 16%), DP (13.3% to 15.4%) and NT (15.2% to 14.9%).
From period 3 to 4 available water decreased: CP (15.4% to 11%), MP (16% to 13%),
DP (15.4% to 12.5%) and NT (14.9% to 11.6%). These results seemed to be related to
soil organic matter content which decreased in all treatments in the same period.
The total porosity did not vary too much among tillage systems neither did the
macroporosity.
There are differences among tillage systems due to the characteristics of each
implement. In order to have a clear effect of each tillage system it is necessary a longer
period of study.
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Comparison of Stuble Till and No-Till Systems of the Nitrogen
Mineralization Under Field Conditions.
E. Salazar, W. Lndermann, and C. Vazquez.. New Mexico State University
Agricultural Science Center, USA.
Introduction. Tillage affects nitrogen (N) transformations such as organic N
accumulation, mineralization, dentrification, N leaching losses, N-plant uptake
(2). Stubble mulch till (ST) and no-till (NT) are common tillage systems used in
the southern Great Plains where wheat (Triticum aesstimum L. ) and sorghum
(Sorghum bicolor (L) Hoench) are grown in rotation with a fallow period. As
farmers on the southern Great Plains convert from ST to NT, more information is
needed on how soil N mineralization will change. This information will be used
to better manage cropping systems and reduce the environmental impact of
agriculture on the area.
Materials and Methods. The study was conducted at the New Mexico State University
Agricultural Science Center near Clovis, NM in the fallow period of the summer
1993. The objetive was to compare ST and NT with respect to organic N
mineralization under field condition and relate mineralization to temperature,
moisture, and bulk density. Tillage experiment were started in 1987. Plots in the
experiment are arranged in a split-plot randomized complete block design
replicate three times, with tillage systems (ST and NT) as the whole plots and
N fertilizer (0 N-Fertilizer and a banded N rate of 56 kg-ha ) as subplots. In
the fallow period of the summer 1993 organic N mineralization and moisture were
monitored per week for 4 months. In the same period temperature daily also was
monitored and the bulk density was determined in each treatment at the beginning
of the experiment. ANOVA-SAS (SAS Institute, 1989) was used to test statistical
was significance of tillage treatments. When the F-statistic was significant at
the P < 0.05 Level, a LSD was calculated for mean separation.
Ressult and Discussion. Tillage had a significant effect on N-mineralization in
both fertilized and no-fertilized plots. In the first five weeks the average of
and in
inorganic N mineralized in No tillage fertilized plots was 19.38 mg-kg
ST fertilize plots was 34.04 mg-kg
at depht of 7.5 cm. In weeks 6 to 9 the
inorganic N mineralized in both tillage systems (NT and ST) was similar because
of the low moisture content in the soil. In the last three weeks the inorganic
N mineralized was also lower in the NT than in ST system with an average of 14.06
mg-kg at the same depth (Fig. 1) . The factors involved in the periods in which
the inorganic N mineralized was higher in ST than NT were temperature and
aeration because when the moisture was increased, the temperature and aereation
were different. Nevertheless, at low water contents the temperature and aereation
were higher in ST than NT systems, but these were contents were lower in ST than
NT system.
Conclusions. 1. Tillage systems (NT and ST) statistically affect the organic N
mineralized in fertilized and not fertilized treatments. 2. The differences in
Inorganic N mineralized between both ST and NT are attributed principally to
moisture, and aereation contents.
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Figure 1. Soil inorganic N in no-till and stubble mulch
till systems from 0 to 7.5 cm of depth.
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NUTRIENT BALANCE STUDIES TO DETERMINE THE
SUSTAINABILITY OF MANAGEMENT SYSTEMS OF NATURAL AND
PLANTATION FORESTS IN COSTA RICA
R.L.H. Poels, Department of Soil Science and Geology
Agricultural University, PO Box 37, 6700 AA, Wageningen, The Netherlands
Introduction. In the joint research programme
of CATIE, the Ministry of Agriculture and
Animal Husbandry of Costa Rica (MAG) and
the Agricultural University of Wageningen, The
Netherlands, the Land Utilization Types
(LUT's) natural production forest and forest
plantations are studied, next to several
agricultural LUT's. The natural production
forest produces hardwood by selective felling
in a polycyclic production system (De Graaf
and Poels, 1990), while the plantations are
harvested in a monocyclic (clear cut) system.
A main objective of the research programme is
to compare different land use scenarios, using
Figure 1. P-flows (kg/ha.y) caused by organic
linear programming. Questions to be answered
matter turnover in managed natural forest
are: What are the yields under different
management systems and how are the nutrient
flows for each LUT. Goal of the investigations is to determine the capacities of three soil types (a well
drained soil of low fertility and 2 fertile soils: well and poorly drained) to produce timber and to
determine the sustainability of these land uses from a nutrient point of view.
Material and methods. Data on soil, climate,
vegetation and hydrology were collected and
used in dynamic simulation of forest growth
using the growth model for tropical forests
TROPFOR (Poels, 1992, 1993). In the
simulations, the natural forests were managed
and harvested in a polycyclic system with
selective harvests every 24 years. The
plantations were harvested in three thinnings in
the years 8, 12 and 16 followed by clear felling
in the year 24. Results of the simulations were
used in the nutrient balance studies in which
attention was given, next to nutrient cycling in
the soil-vegetation system, to inputs by
Figure 2. P-flows (kg/ha.y) caused by organic
atmospheric deposition and mineral weathering
matter turnover in plantation
(Poels, in press). Calculated organic matter
flows and nutrient concentrations in plant
components and litter fall were used to determine immobilization (= uptake, U) and mineralization (M)
of nutrients (e.g. for P, Figs. 1 and 2). For the elements N, K, Ca and Mg similar relationships were
found.

54

Results and discussions. Simulated total phytomass varied between 200 and 400 t/ha for managed
natural forest and 0 and 270 t/ha for the plantation assuming sufficient nutrient supply. Extracted
stem wood was respectively 15 and 175 t/ha per 24 years. The corresponding nutrient flows for the
elements N, P and K are given in Table 1 for the well drained soil of low fertility.

Table 17. Nutrient flows (kg/ha.y) for managed natural forests (a) and wood plantation (b)
Element

Atmospheric input
Weathering input
Average O.M. turnover:
- release
- uptake
Export with harvest
Maximum yearly surplus
Maximum yearly shortage

N
a

P
a

b

b

K
a

b

5
0

5
0

0.1
0.2

0.1
0.2

1
7

1
7

271
268
1.8
178
123

204
267
21.0
33
311

17
16
0.1
13
8

12
16
1.3
2
19

179
177
1.6
123
87

133
175
18.1
60
203

Organic matter turnover produces the bulk of the nutrient input The large phytomass fluctuations in
the plantation and the large nutrient export with harvested stemwood make large demands on the
nutrient supplying and buffering capacity of the soil. On the well drained soil of low fertility large
fertilizer additions are needed for the build up of phytomass in the first cycle of the plantation. During
the second cycle shortages are lower (Fig. 2, years 24-34), but nutrient additions remain necessary in
the long run because nutrient exports with stemwood are higher than the yearly inputs.
Managed natural forest can give a sustainable yield on all three soil types. Stemwood harvests
between 15 and 30 t/ha (25-50 m3/ha) are possible, depending on stocking with valuable species.
Plantation forest with a species such as teak (Tectona grandis) is not possible on the poorly drained
soil.
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Efects of organic fertilizers and asphaltic emulsions
on the conservation of mountain soils.
S. Sanchez Marquez and N. Fernandez de la Paz. Postgrado en Ciencia
del Suelo. Facultad de Agronomia. UCV. Maracay, Venezuela.
Introduction. The erosive process has ber ame one of the most serious problems in
the degradation of the vast mayority of the mountain soils, deteriorating and in some
cases completely eliminating the most fertile layer of the soil, reducing the effective
depth, levels of organic matter, nutrients and fine particles, thus improverishing
the physical and biological condition of the soil. Horticulture is one of the main uses
of the land in these areas, this activity has subsisted for many years on the use of
large volumes of organic and chemical fertilizers.
Among the main adventages of the incorporation of organic matter on the physical
properties of the soil are the increase in porosity and water holding capacityy,
improvements of the infiltration rates and the structure of the soil (1,2,3,5). On the
other hand, asphaltic emulsion applied superficially, is regarded as a good
alternative for these soils, where the most important issue is not to stabilize the mass
of aggregates, but to avoid the formation of a superficial crust, therefore achieving
the elimination or drastic reduction of the runoff and erosion problems, and
facilitating the penetration and storage of water for its later by the plants (4,6,7).
The purpouse of this work was to evaluate, under controlled conditions, the effects
of addition of organic fertilizers (AO) and the aplication of a superficial layer of an
asphaltic emulsion (EA) on the physical properties of the soil and the way that these
properties influence the conservation of soils and water.
Materials and Methods. The experiment was carried out under greenhouse
conditions, using erosion pans, appliying simulated rain and complementary
irrigation, with a representative soil from a high basin horticultural area. The
treatements evaluated were: organic fertilizer (chicken manure, skins of coffee
cherries, and residues of the sugar cane industry), in doses of 8 and 16 Mg/ha.
Asphaltic emulsion cationic type in superficial application, in doses of 1.5 Mg/ha. And
an untreated set with p u r e soil. To evaluate the physical properties, undisturbed
samples were taken using an Uhland sampler. The properties studied were bulk
density (Da), total porosity (TP), macroporosity (MP) and hidraulic conductivity (K);
in samples with aggregates from 2-4 mm, were evaluated percentage of aggregation
(%Ag), index of separability (S) and stability of the aggregated under the impact of
water drop (Ks). To evaluate the effect of the treatments on the control of soil losses
(PS) and water (PA), the volume of runoff water and d r y weight of the sediments
produced by the simulated rain were measured in each experimental unit.
Results and Discussions. The treatments with AO show their effect on the soil
conditions related with the mechanical behaviour, the areation and the dinamics of
the water (Da, PT, K), nevertheless the positive effects of these treatments on the
properties more directly related with erosion (%Ag, S, Ks) were not evident. Among
the possible causes of these results are: - The doses of organic fertilizer utilised
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were not high enough to produce significative changes on the structural properties
of the soil. - The evaluation period was too short and the beneficial effects of the
treatments were not observed. -Ocurrence of seasonal changes on these properties,
as reported by Guidi et ai. (1988), whom associate these fluctuations to changes in
the populations of cellulytic microorganisms; since our evaluations were made at the
end of the treatments the changes could not be evidenced.
The treatment with EA proved very efficient in keeping the ideal physical conditions
of the soil, thus evidencing the stabilizing effect of the superficial structure,
avoinding the clogging of the pores and keeping the best values of Da, MP and K.
In reference to the control of soil and water losses, the results obtained correspond
with those of the evaluations of structural properties, in which the treatments with
AO did not show differences with the untreated set, on the other hand the results
given by the EA, show the high efficiency of this practice in the control of the
erosion, evidencing better results reducing soil losses (89%) than water losses (72%).
It is then demonstrated the need of stablishing practices that stabilize and protect
the superficial soil from the impact of rains and irrigation, aiming at control of the
erosive processes that have been reducing the productivity of soils, specially in
those areas with steep slopes engaged in intensive agriculture of non-protective
crops.
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Effect of Reclamation on the Main Properties
of Calcareous Sand Soils Using
Peat and Local Reclamating Materials
L. Gerei, Szilagyi E.Fasor 57, H-1026 Budapest, Hungary
Introduction In Hungary the area covered by young Pleistocene blown-sands is of wide
extent and the amelioration of the sand soils has been of considerable importance especially
from the agriculture point of view. (Pécsi M., Gerei L., Zentai T. 1984 - L. Gerei, T.
Zentai 1984).
Materials and Methods: The samples presented the calcareous sand soils of Danube-Tisza
tnterfluve. Mechanical analysis was made by Kachinskiy's, the determination of Humus by
Tyurin's, and Absorption Capacity by Mehlich method.
Results and Discussion: (Table 1.) The humus content in the sandy soils - reclamated by
peat and local materials - did not increase.
The soil reclamation method using peat materials increased the clay quantity in the Ap
horizons of sandy soils from 3,1 % to 7 % (compared to the control parcel). The method
using local - clay containing - materials increased the clay content of 3,1 % of control parcel
to 17,3 %. Therefore the method of reclamation by local materials was much more effective,
than the other one !
While in the sandy soils the adsorption capacity was between 2,84 - 4,25 mg equivalent / 100
g.s., in the local reclamating materials it varied between 20,57 - 49,64 mg equ / 100 g.s..
The clay quantity in the local reclamating materials was between 39,28 and 65,97 % !
Therefore, these reclamating materials are suitable to increase the clay content and the
adsorption capacity of the sandy soils resulting in a better productivity of these soils.
Conclusion: The method in which local reclamating materials applied was much more
effective, than the transported peaty materials from other territories.
Literature Cited Pécsi M., Gerei L., Zentai T. 1984. Relationship of the Geomorph. Prop.
Genetic. Phys. Chem. and Miner. Features of Sand Soils with their Fertitlity. Lithol. and
Strat. of Loess and Paleosol. Geogr. Res. Inst. Hung. Acad. Sci. 291-303 p.
L. Gerei, T. Zentai: 1984. Trace Element Supply of Calcareous Sandy Soil in the Great
Hung. Plain. 9th World Fertilizer Congr. Proceedings, June 1984. Budapest, Hungary
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COMPARISON OF MAIN PROPERTIES OF
RECLAMATED AND NOT RECLAMATED
CALCAREOUS SAND SOILS USING PEAT AND LOCAL
MATERIALS OF RECLAMATION

SAND SOILS AND
LOCAL
MATERIALS

DEPTH OF
HORIZONS
CM

CONTROL
PLOT

HUMUS
%

CLAY
%

ABS.CAP.
MG.EQU/
100 g.s.

A p 0-27
A 27-50

0,65
0,21

3,11
2,44

2,84
4,25

RECLAMATED
BY PEAT

A p 0-24
A 24-53

0,43
0,21

6,99
3,20

3,65
4,96

RECLAMATED
BY LOCAL
RECLAMATION

A «d.

0,43

17,30

4,25

0-30
30-60

5,6
5,6

64,84
65,97

49,64
43,97

0-30
30-60

2,05
1,08

48,10
43,64

26,95
19,86

0-30
30-60

3,01
0,86

45,82
39,28

24,82
20,57

PROFILES
OF LOCAL
1
MATERIALS
2
OF
RECLAMATION
3
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Traditional Knowledge for Soil Conservation: The
Management of Sedimentation
Gerardo Bocco. El Colegio de la Frontera Norte, Tijuana, BC, Mexico.
Introduction. Most conventional theory on soil conservation methods
originated in developed countries, under circumstances very
different from the rest of the world that suffers from soil erosion
(3) . Top-down engineering approaches, based on mechanical
protection rather than on population needs, have led to many
failures in soil conservation programs throughout developing
countries. The peasants' perception of erosion is generally not
understood and, as a consequence, it is not considered by
governments in policy designs. Few studies take into account the
local, rural experience and incorporate it in the design of
conservation programs and policies. In this paper, traditional
conservation measures developed and successfully applied by
peasants in Tapaxco, a rural community with strong Mazahua
influence in central Mexico, are described and analyzed. The study
area is located in the Mexican Volcanic.Belt, a Quaternary volcanic
physiographic province where gullying is widespread.
Materials and method. The peasants of the area carried out several
conservation works in and close to gully channels, without any
assistance from technical agencies, using their own techniques. We
thus decided to record systematically the works, to learn (from the
peasants) about the principles that guided those efforts and to
analyze the techniques in a more general context.
Results and discussion. The techniques summarized below were
observed in the field and are generally applied in various
combinations. They are grouped according to their spatial
distribution.
(1) Inside the gullies:
(a) Disposal of crop residues at gully heads to decrease runoff
speed in the approach channel and to collect sediment.
(b) Construction of layered, earth/shrub (and stone if available)
filtrating check dams to control channel activity and to trap
sediment, especially in tributaries of the main channels. The dams
are locally called "retranques" and are similar to the "trincheras"
of indigenous groups in the southwestern United States and
northwestern Mexico (1).
(c) Planting long-rooted grass on gully walls to improve soil
strength and to protect them from rainfall impact. The risk of
grass spreading to the parcel nearby is recognized by the peasants
as a major problem for further plowing.
(d) Breaking seepage scarps to decrease their height and angle and
to increase stability.
(2) On eroding slopes:
(a) Disposal of scattered residue and stones on bare soils or
exhumed subsoils to decrease speed of overland flow and trap
sediments coming from upslope. After some soil material is
captured, rows of "nopal" (Opuntia spp.) or "maguey" (Agave spp.)
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are planted to create colluviation steps. A 25 cm thick layer of
trapped soil was observed after three years of treatment.
(b) Disposal of soil material on exhumed subsoils until a
reasonable thickness is obtained. The material is usually brought
by hand or on animals from minute dams or holes dug to trap
sediments.
(c) Plowing the sod on undulating, grassed areas, especially where
tributaries start, to stimulate the removal of the surficial
horizon upslope by overland flow, and to collect it farther
downslope. The trapping is constructed by piling the sod obtained
upslope and creating "retrangues" downslope. After several years,
the original irregular slope is levelled by erosion/deposition and
can be plowed.
(d) Constructing small ditches to divert overland flow and collect
subsurface flow. The "charcos" (elliptical depressions, seasonally
flooded) formed along the seepage scarps are thus drained.
The technigues summarized here were efficient in reclaiming
severely eroded terrain. The technigues indicate a thorough
comprehension of slope dynamics, including subsurficial hydrology.
The main principle guiding most of the works is the management of
sedimentation rather than erosion. In some instances, erosion is
even stimulated upslope to capture sediments downslope. A similar
technigue was described for the Mixteca Alta (1000 A.D.. Oaxaca,
Mexico) and suggested in studies of pre-Christian agricultural
terraces in the Negev and Judean hills (2). These point to a global
conception shared by different agrarian communities of working with
nature, not against it, that has survived throughout the centuries.
Conclusions. The example indicates that serious consideration
should be given to incorporating local, traditional knowledge in
conservation schemes. Peasants can also contribute with the results
of their long-term field observations that embody substantial
knowledge of erosion processes.
In addition, the case highlights an issue that deserves
further consideration. Severe soil erosion is usually considered a
cause for human migration. However, abandonment or neglect of the
land following migration may trigger erosion in areas similar to
the one described in this paper, where peasants have developed
their own conservation technigues.
Literature cited.
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trincheras on small river basin hydrology". J. Soil & Water Cons.
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World. Viking Fund Publications in Anthropology. 56. The University
of Arizona Press.
(3) Hudson, N.W. 1988. "Conservation practices and runoff water
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Stability of Natural Dipterocarp Forests and Plantations with
Respect to Matter Balance in East Kalimantan / Indonesia
2. Trend of Nutrient Storages in Natural Forestry and
Plantations of Fastgrowing Species
RUHIYAT, D. *, FOELSTER, H.** and SCHULTE, A.*
* 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. The problems of nutrient balance in tropical forest ecosystems subject to human influence have
only been given scant attention up to now. Knowledge of nutrient ratios and flow in humid tropical tree plantations and its consequences for the soil is all the more important in view of the fact that, as a result of
developments in the timber processing industry and in domestic demand, the Indonesian government expects a
drastic increase in annual demand for timber which cannot be covered by the remaining natural forests. Here,
the question as to whether these plantations can permanently deliver the high rates of growth that are expected
of them (between 20-40m3/ha/year), or whether they will require additional fertilizing caused by an high
deviation of the input/output balance of nutrients from zero, is of decisive importance.

Theoretical concept / Materials and methods
( see part one of the publication )

Results and discussion. The study shows that, on account of the high erodibility of the substrate, soil location
is of particular importance-a fact which, given these conditions, is quite typical for this climatic zone. Nearly all
the soils are relatively shallow, and are thus in a fairly early stage of development which, however, manifests
itself mainly in the dominance of three-layer clay minerals and thus having a high cation exchange capacity, and
not in the silicate content of the sik and sand fraction. Compared with the extreme soil acidification and base
impoverishment in most of the humid tropical forests, however, these soils must be regarded as moderately
impoverished.
At a depth of between 0 to 50 cm, there are favourable reserves of basic cations of K (320 kg/ha) and Mg (77
kg/ha), but reserves of Ca are far less favourable (60 kg/ha). Position of the slope (top, middle, bottom) is of
considerable significance, as the effects of lateral redistribution processes as a result of surface erosion.
Nutrient losses caused by the Indonesian selective cutting system in natural Dipterocarp forests are far more
grave, however, if the exploited primary forest is converted into plantations, with the stand of trees being
completely cleared and the unusable trunks and branches being burnt on the ground
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It is shown that, as a result of volatilization and mineralization on the one hand and of reduction in soil humus
content and only gradually increasing nutrient absorption through the roots on the other, approx. 2000 kg/ha of
N, 400 kg/ha of K, 700 kg/ha of Ca and 90 kg/ha of Mg are lost during the utilization progress. That is no less
than between approx. 30 % and 45 % of the nutrient reserves of the original natural forest (approx. 30% N,
50% Ca, 30% Mg and 35% K).
In the plantations, nutrient losses as a result of conversion are aggravated by timber exports out of the system.
Assuming a rotation period of 20 years, calculations of total nutrient loss differ considerably depending on the
increment and tree species. They amount to 1 % to 3 % of total reserves of N, 17 % to 62 % of total reserves of
K, 4 %to 38 % of total reserves of Ca and 2 %to 13 % of total reserves of Mg. These exports recur with the
cutting of timber at the end of each rotation period. Even when the accrual of atmospheric nutrients is taken into
consideration, a further nutrient loss must still be reckoned with in the transition from first to second generation:
approx. 110 kg/ha in the case of K, 80 kg/ha in the case of Ca and 25 kg/ha in the case of Mg. Plantation
forestry must therefore take a constant loss of nutrients into account if it does not make up for this with
additional fertilizer.
The speed of exhaustion of local nutrient reserves varies according to tree species, nutrient and local reserves.
The process is most rapid in the case of those tree species which grow most quickly. The following picture is
obtained for the individual nutrients: reserves of Mg diminish only negligibly up to the beginning of the third
generation, and can only reach critical values in extremely Mg-deficient soils. By contrast, a considerable toll is
taken of reserves of K and Ca. The reduction of reserves of K is dramatic.
By the beginning of the second generation this amounts to between 50 % and 80 % of total reserves in the case
of Paraserianthes falcataria, to between 35 % and 50 % in the case of Eucalyptus deglupta and between 30 %
and 40 % in the case of Acacia mangium. This means that productivity is limited as early as the second
generation. Statistically speaking, this state of affairs applies to Ca only after the second or third
generation,although a critical deterioration of the pedochemical state, especially of the Ca/Al ratio and soil
acidification, could result in limited production at an earlier stage.
The study proves for typical forest sides in the humid tropics (East Kalimantan) that continuous plantation
forestry is not possible without regular fertilization and replenishments of Ca and especially K after clear
cutting (and burning) of natural Dipterocarp forests. These measures are required as early as at the first
generation change.
The final goal of forest management with respect to the theoretical concept discussed in the first part of the
publication are ecosystems, whose diversity allows a rapid recycling of nutrients. A high rate of recycling or the
property of keeping the internal ion cycle closed without trends in relation to the storage of bioelements, seems
to be the precondition for sustainable high productivity. As it is shown that the conversion of natural
Dipterocarp forests into plantations of fast growing trees is a dramatic deviation from the "steady state" of the
ecosystem, chemical and biological soil amelioration will be the main task for forestry in Kalimantan /
Indonesia during the coming decades on more or less 5 million ha. It is therefore extremely important that
further information be gathered as regards the possible technology, timing, amount, and prospects for success,
costs, economical and ecological risks of such fertilization.
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Physical Diagnostic and Conservation Alternatives of
Three Units of Land The Central High Plains In The
State Güarico-Venezuela
M. Lopez, and M. L. Perez. Universidad Nacional Francisco de Miranda and
Universidad Central de Venezuela.
Introduction. The region of the Central High Plains, represents an area of great importance in the
cereals production. It presents a semi-arid climate with great variation rainfalls interannual (7501600 mm). There are problems of erosion, they are the product of the interaction of several
factors such as high power rains erosive, pending forts, soils of moderated to high erodability, and
high mechanization that accelerates the processes of sealed, crusting and erosion. This problems
justifies the need to propose conservation alternative, whose principal goal will be to preserve the
soil moiture and to prevent the erosion, to improve the agricultural production to short and term
large. The objetive of the work was to accoplish a physical diagnostic of the climate and the soil,
that would serve as a support for the selection and alternatives design of soils and water
conservation that helps to reduce the erosion problems in the three land units of the Central High
Plains.
Material and Methods. The lands units selected for the study, were located in the farms
"Agrotran" (09-40 N and 66-45 W), with predominance of vertisols and "Los Aceiticos" (09-20 N
and 67- 04W); with predominance of vertisols and alfisols soils, which was divided in two units
"EI Bajo" and Calicata". The use metodology was the following: 1) Summary of corresponding
basic information to; climate topography, soils and use and management. 2) Analysis of the basic
information; a.- Determination of the effective depth of to take root (Grossman and Berdanier,
1983) and "Criterion of amount of roots fine and very fine" (C.I.A.F., 1983). b.- Diagnostic of
degradation problems (PI-, 1983). c - Diagnostic of present problems and/or potencial of erosion:
cl.- Climate: analysis of erosivity, (Wischmeir, 1978). c2.- Soil, analysis of erodability (P-ez,
1985). c3.- Topography, factor L and S. c4.- Use and management, factor CP. d.- Indexes
evaluation that reflect the susceptibility to the erosion soil (separability, sealed, and ponderable
middle diameter of the aggregates sifted in water), e.- Conservation requeriments (P-ez, 1985).
3.- Selection and desing og diferent alternatives of use and management; a.- Tables elaboration of
adaptability of cultivation, b.- Selection and practices proposal of conservation (use of the USLE
and Criterion of the CP maximum).
Results and Discussion. The land unit "El Bajo" resulted with the greater trend to the
degradation, product of a greater tendency to the formation of sealed superficial caused by a
predominance in the matrix of the soils of slime particles (46%) and very fine sand (18%); the unit
"Agrotran" resulted with less degradability. The erosivity of the rain resulted moderated, but with
a greater concentration to the 50% of the annual total accumulated between May and June months;
which denotes a great importance in the erosion process. Of the soil was analyzed the erodability
being obteined that, the unite "El Bajo" (Chromustert isohiperthermic) resulted with the most
erosion, with a value of erodability of Kb= 0.027 Mg*ha*h/Mj*mm*ha; the unit "Agrotran"
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(Chromustert isohiperthermic) with a value of Kb= 0.0035 Mg*ha*h/;g*mm*h, and the unit
"Calicata" (Arenic Haplustalf) showed an intermediate value of Kb= 0.019 Mg*ha*h*/Mj*mm*h.
These amount were compared with the obtained in the nomogram and was obtained amount 10
greater times for the case of the unit "Agrotran" and 2 times for the other two units. Also were
studied some indexes of erodability resulting that, the index of sealed was which show the better
adjustment with the erosion trays. In relation to practices evaluation of consevation, was obtained
the following: in the unit "Agrotran" the tillage tasks conservation have few importance in the
control of the erosion, since soil losses with conventional tillage were smaller that the tolerance
estimated, which agrees with the great stability of the aggregates shown by the such unit soil. In
the units "El Bajo" and "Calicata", resulted adapted the reduced tillage and the tillage in contour
with residues in surface. The support structures (absorbing stripes, vegetative barriers, and stripes
in contour) resulted unnecessary in the unit "Agrotran" but they are import for the control of hidric
erosion in the other two units.
Conclusions. 1) The land unit "El Bajo" showed the greater trend to the degradation. 2) The
erosivity of the rain resulted to be moderate, but with a greater concentration to the 50% of the
annual total in the May and June months, which is from great importance in the erosion process.
3) The unit "El Bajo" showed the larger erodability and the unit _ grotran" the minor erodability.
Bibiligraphy.
1) C.IA.F., 1983. Pedologia descriptiva. Bogotas, Colombia. 335 p.
2) Grossman, R.B. and R. Berdanier. 1982. Erosion tolerance forcroland application of the soil
loss tolerance, pp. 113-130.
3) Perez, M.L. y O.S. Rodriguez. 1989. El riesgo de erosion hidrica como criterio de diagnóstico
en clasificación y evaluation de tierras. Alcance 37 de la Revista FAGRO. UCV. Maracay. pp 9194) Pla, I. 1983. Metodologfa para la caracterización fisica con fines de diagnóstico de problemas
de manejo y conservación de suelos en condiciones tropicales. Alcance REvista FAGRO 32
Maracay, Venezuela.
5) Wischmeier, W.H. and F. Smith. 1978. Predicting rainfall erosion losses. Agric. Handb.
537. USSDA. Washingthon D.C.
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Efectivity of conservation sistems in the erosion
control and corn yield in a degradate tropical alfisol
M. León and A. Florentine». Postgrado en Ciencia del Suelo. Facultad de
Agronomia - UCV. Maracay. Venezuela.
Introduction. Erosive rains, very very erosionable soils and intensive tillage in
short cycle crops have caused rapid degradation on many cultived soils in
Venezuela . In this process, water erosion has been important in decreasing
productivity. For the Yaracuy's corn zone, using conservation sistem with
appropiate soil cover to protect it from erosive rains effect and at the same time,
reducing water losses by runoff and evaporation and improve soil water storage".
Materials and Methods. The study of soil conservation tillage was done in a field
experiment during in the corn zone of Yaracuy State (Venezuela). The effect of six
soil conservation tillage in soil physic properties, soil erosion, runoff and corn yield
was evaluated in a high degradated alfisol representative of that zone. The
treatments were the following:
- Fallow (FC), tapiramo (Phaseolus lanatus) (TC) and crotalaria (Crotalaria juncea)
(CC) used as cover on the topsoil.
- Fallow (IF), tapiramo (IT) and crotalaria (IC) partially incorporated to soil.
Results and Discussion. Changes in soil physic properties (bulk density, porosity
and mechanic impedance) were not significant and disapeared quickly. In the cover
treatment these changes were smaller than in the incorporated corn ones. So the
formers were the best soil conservation treatment. All treatment had a high soil
cover as well as a good runoff and soil erosion control. The best treatment was the
crotalaria cover.
Incorporated fallow was the worst one. Availability of soil water increased as
runoff decreased. This effect is particularly important given the deficiency of
precipitated water in the region.
Incorporated crotalaria treatment had the highest corn yield, whereas
incorporated fallow had the smallest one. The others had not significant differences
in corn yield.
Being treatment with crotalaria the best ones in soil conservation and corn
yield, we suggest to continue this study in order to find whether that results a r e
permanent or not.
Literature Cited.
1. Paez, ML. 1989. Riesgos de erosion hidrica y alternativas de conservación en
las tierras agicolas del Valle Medio del Rio Yaracuy. Avance 37, Revista de la
Facultad de Agronomia - UCV. Maracay. Venezuela, p. 113-136.
2. Paez, ML.; O. Rodriguez y J. Lizaso. 1989. Potencial erosivo de la precipitacion
en las tierras agricolas de Venezuela. Alcance 37, Revista de la Facultad de
Agronomia - UCV. Maracay. Venezuela, p. 45-59.
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EVALUATION
OF
CORN-BEAN-WATERMELON
ROTATION TO INTENSIFY USE OF SOIL ON NAYARIT
COAST, MEXICO.
A. Turrent*, I. Gonzalez, F. Lang , and C. Reyes . Researcher
CESIX, INIFAP. Santiago Ixcuintla, Nayarit, Mexico.

beans

program.

Introduction. The coastal plain of Nayarit state, Mexico, shows a high agricultural potential with
sowing beans (90,000 ha), tobaco (20,000 ha) and vegetables (5,000 ha). Use of soil mainly occurs
during the autumn-winter searson with low productivity because, soil are flooded without crops
under "temporal" conditions (spring-summer), however, it is possible to obtain two harvests per year
with a multiple cropping system (2,3) and adecuate management measures. Therefore, the objetive
of this research was to evaluate the annual cropping pattern corn-bean-watermelon under rotation
and identify the problems that restrict it.
Materials and Methods. Evaluation took place at Pozo de Ibarra, Nayarit, Mexico. Corn was
sown at the bottom of the line (furrow) on 12 lines 50 m long with 0.80 m separation between them.
Two repetitions per variety were made. Corn varieties A-741, C-343, V-455 and V-424 were used
with a density of 50, 000 plants/ha. Fertilization was made by applying 150 Kg nitrogen and
phosphorus 60 kg was applied. Lorsban 380 E was spread two times to control corn heartworm
(Spodoptera frugiperda). Then samples were taken every 10 m over line until harvest (octuber 22,
1992). Stubble was used as a live-stock food. At the end, soil was stired with disc harrow, then
sown on the autumn-Winter season (nov. 14, 1992) with Jamapa Black bean and yelow bean
Azufrado 33 with 0.60 m between lines. Fertilization was made with 20 kg N/ha and 20 kg P/ha.
Sowing density was 50 Kg/ha. A sampling random pattern, was used at harvest with 10 repetitions
of 10 m over line (1).
Watermelon cultivar Peacock was sown in spring-summer season (feb., 14, 1993) on a polystyrene
tray with sun-shine n 3 substratum. Transplanting was carried aot after soil irrigation. Weekly
application of fungicide and insecticide were made. Number of virus diseased plants and number and
size of fruit were evaluated 50 days after transplanting.
Results and discussion. Corn varieties V-455 and C-343 average yield was 4.0 ton/ha both, were
statistically similar (PO.05) but, hicher in yield (2.9 ton/ha) than the varieties V-455 abd V-424.
Population mean at harvest was 34,688 plant/ha. Technical and social restrictions were observed in
this crop: a) severe incidence (100%) of corn heartworm that can be controled with timely
applications, b) plugging (26%) because of sowing at the bottom of the line or changing sowing date
before the rainy seadon with a presowing irrigation and c) stealing ears (8.7%) that could be
prevented with massive sowing on the zone.
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There was uneven sprouting of beans after corn, compared with sown beans as a single annual crop
Jamapa and Azufrado varieties shows statistically (P<0.05) similar yielding capability with 1, 020 Kg/ha,
comparing this value with the state mean yield 1, 200 Kg/ha, can be deduced that rotating bean after
corn without an irrigation aid, yield decrease 15%.
Watermelon showed a light response to spring seadon sineb, few fruit (19/50 m 2) were formed with
little growth (7.2 cm) due to 100% virus diseased plants caused by high whitefly (Trialeurodes
vaporariorum) incidence. Possibly melon and cucumber constitute the alternative for this crop season.
Conclusions. From the technical point of view it is feasible to obtain two crops a year at least;
however, equipment and irrigation infrastructure is required. Multiple croppings system implementation
is convenient since it is an alternative to avoid economy been seasonal.

Literature cited.
(1) Caetano, A., S., Mendoza, I., Gonzalez, 0.,Reynoso, and J. Gonzalez. 1991. Programa de
estimulos regionales. Estimación de rendimientos de frijol. INIFAP, Nay. México. 120 pp.
(2) Hart, R.D. 1979. Agroecosistemas, conceptos basicos. Centro agronómico tropical de
investigación y ensenanza. Turrialba, Costa Rica. 211 p.
(2) Lang O., F.P. and I.J., Gonzalez. 1991. Un Método practico para seleccionar los sitios de
muestreo en un cultivo. In I congreso regional de Investigación de la DGETA. Zona Centro. Ags.
México, pp 21.
(3) Turrent F., A. 1979. El sistema agricola en Mexico. México. 56 p.
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Conventional Planter Adaptation for Zero Tillage
Luis R. Gil, and Angeles Albornoz. FONAlAP-ANZOATEGUl. Apdo. 212,
El Tigre, Edo. Anzoategui, Venezuela.
Soil erosion is one of the main reasons for the diminishing
agricultural production
in developing countries.
In Latin
America, specially
in semi-arid and semi-humid areas, there art:
common symptoms of soil deterioration
that appear to be the
consequence of intensive cereal, oil crops and cotton production.
The implementation of Zero Tillage
(ZT) crop producl.ion is a
technical alternative that could control soil erosion and could
contribute to approach a sustainable agriculture where
the
environmental and economic conditions favor it. Anyhow, in most
Latin American countries a common restriction is the high cost of
buying a Zero-Till planter.
Adapting ZT
elements to conventional
planters is an
alternative that will help to introduce this crop production
system in such areas. With the adaptation described below, we do
not expect to completely substitute equipment specially designed
for ZT, we Just want to supply
the farmer with a
low-cost
equipment which can be used in the transition
to ZT. By
these
means, the farmer continues using his own implements, until
he
gets familiar and decides to change to this conservation system.
Adaptation Description
In this adaptation we
only used common
construction
materials and simple welding works. We chose John Deere Flexi 7 1
as the planter to make the adaptations on. This planter i:', one of
the easiest to adapt among the ones used by
farmers in the
Eastern Savannas of Venezuela. Other plui '.ers have a device that
opens channels for seed distribution which interferes with the
residue found in ZT systems. Instead. JD Klexi 71 has a "V"
shaped-double disk opener that helps cutting through the residues
(Fig.
l-a). In front of each planter unit we placed a rippled
coulter
(Fig. l-b) which cuts plant residue and loosens a narrow
strip of soil for improved seed placement, at the desired depth.
These coulters are the only components that the farmer has to
buy, because they are specially made from a steel alloy. In the
design of the coulter attachment
(Fig. 1-c) we placed
springs
from used gasoil engine valves.
Hoppers
were arranged for dry fertilizer
distribution
(Fig.l-d) aa well as a double disc
(Fig. 1-e) to place the
product beside the seed. Additionally, a chisel was fixed
(Fig.
1-f) between the coulter and the double disk, to decompeict soil
in the sowing row and also to have the choice of placing the
fertilizer below the seed. These characteristics allow to plant
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plots designed for fertilizer use efficiency studies. We also
adapted a gear system in order to obtain the motive power for
fertilizer distribution. This system also allows adjiistments on
the height of the planter with a spiral axis.
The adapted planter was tested in ZT plots with soybean and
sorghum. Soybean was planted on a sorghum residue cover of 6.700
kg/ha. Plant distribution was homogeneous, and the population war.
about IB plant3 per lineal meter. This population was the same as
the one observed in Conventional Till (CT) plots (prepared with 4
disk passes). Soybean yields were 3.000 kg/ha in ZT and
'A.700
kg/ha in CT plots. We could not use the chisel
in ZT plots
because residues accumulated between the coulter and the chisel,
interfering with the planting process. The chisel worked fine
under CT conditions.

Figure 1.- Lateral View of the Planter with ZT Adaptations.
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COMMON BEAN SEED LOST DURING
MECHANIZED HARVESTING PROCESS.
METHOD

THE SEMISAMPLING

I. Gonzalez*, F. Lang and A.Turrent. Researcher beam program. CESIX, INIFAP. Santiago
Jxc, Nayant, México.
Introduction. The traditional harvesting method of common beans in Nayarit, Mexico is mechanized
(pulling, sheafing, cording handy, and mechanized thrashing). The dry pods dehisce at harvesting and
the main reasons for seed lost in farmer's fields are natural dehiscence; manipulate of plants in the
sheafing and cording, and the lack of well-adjustmen of the thrashing machinery. Seed loses up to 311
kg/ha were found to occur in Sinaloa, Mexico and a field study has already been conducted in Nayarit
using Jamapa black bean cultivar (3). Seed samples were taken between February and March by using
square quadrants (0.25 m^) randomly replicated four times Seed loses were estimated up to 226 kg/ha
with a standard deviation 196 kg/ha. With the objective to optimize the desicion-making process, this
study was undertaken to estimate the total seed lost during the process of harvesting common beans on
farmer's fields and to compare two sampling methods (seed and seedling counting).
Materials and methods. This study was conducted during two growing seasons on the agriculture
fields at the IT A 27, Pozo de Ibarra, Nayarit, Mex. Square quadrants (0.3 X 0.3 m) made of wire were
used to take a scries of 20 randomly chosen samples each from the stripes (between cording) with bean
debris (area found under the already thrashed bean plants) and without bean debris or straw. Seeds
found on the soil surface and up to 0.10 m deep in the soil profile were counted and weighted on June
14, 1989. The second sampling method was used on July 15, 1991, that is, seedlings (when the first
simple leaf was fully opened) instead of seeds were counted. The number of seedlings recorded were
transformed considering 80% germination under field conditions. The recorded data were analyzed as a
Complete Randomized Design and Duncan's separation of means test was used.
Results and discussion. It is very common to observe local people picking bean plants that could not be
thrashed in farmer's fields after the thrashing machinery has passed over the dry plants. This practice was
not considered for the purpose of this study in spite of the fact that this seed lost could be significantly
large. The seed counting method is laborious therefore the number of replications is small. In contrast,
the seedling counting method is easy to do so that the number of replications can be significantly
increased. One of the constraints of the seedling method is that the counting process must be done right
after the first rains occur, otherwise bean seedlings would be competing with local weeds. The results
indicated that both counting methods were statistically similar; however, there were statistically different
seed loses when comparing sampling sites, on the cording or between cording (Table 1), the former with
higher seed loses (34.8 seeds per 0.09 m^). Considering that the state average seed yield is 1114 kg/ha
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(2), the average seed lost (303 kgTia) corresponds to more than a fourth (27%) of total seed (303
kg/ha) corresponds to more than a a fourth (27%) of total seed yield. The impact of this seed lost at the
state level is extensive since more than 90,000 hectares are dedicated to the bean crop, therefore the
seed loses could reach more than 27,000 tons with an economic impact of more than 57 billion pesos
(based on 2.1 pesos per kilo). This information is valuable because it suggests the urgent need for new
alternative technology such as: optimum time of harvesting, adequate adjustment of the thrashing
machinery an full mechanization of harvesting procedure.
Table i. Seed lost estimation during the process of harvesting Jamapa black bean.
Method Seed lost (0.09 m 2 )
and
Within Between Total
number cording cording

Seed
37.9 a 8.2 b 321
Seediing 31.9a 7.7 b 285
I D S = 11,1
Numbers followed by the same letter are statistically similar.

Conclusions. Based on these results, it is concluded that seed lost during the harvesting of cultivar
Jamapa can be up to 303 kg/ha; however, if the harvesting procedure is the optimum then seed yields
could be increased up to 27%. Moreover, the seedling counting method could be used because of the
less labor required while keeping high level of accuracy.
Literature Cited.
(1) Coronel E., F. y M. Garibaldi I. 1977. Uso de tecnologia y evaluation de pérdidas de frijol.
Publicación técnica CIAS No. 5. Distrito de Riego No. 10. Sinaloa. México SARH-ÏNIA.
(2) Gonzalez A., I. J. El cultivo de frijol en Nayarit. Marco de Referenda. INIFAP. CESJX, INIFAP,
Nayarit, México.
(3) Gonzalez, R. C. 1986. Pérdidas de grano durante la cosecha de frijol en Nayarit. n.p. CESIX,
INIFAP, Nayarit, México.
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Technogenic Influence on Stability of Demo-Gleic Soils in
Lithuania
D. Pivoriunas. Laboratory of Landscape Ecology, Institute of Botany, Zaliuju .
ezeru 47, 2021 Vilnius, Lithunia..
Introduction. The changes in soil are observed because of technogenic
influence, as a part of anthropogenic activity. Large area of soils aren't
fertile, don't suit to grow agricultural plants. Heavy technics presses the soil
and destroys very important microbiological, biochemical and physical processes
in the soil (1). Soil changes predetermine the productivity and stability of
agroecosystems (2). Creation of modern agrotechnical means enables to evaluate
their utility from the ecological point of view in order to ensure rational use
of the main national property of soil. The influence of different soil tillage
on soil micromorphological, microbiological and plant biological properties has
been analysed in ouer research work.
Materials and methods: The investigations were carried out in the central part
of Lithuania at the Experiment station of the Lithuanian Academy of
Agriculture in 1990-1993. The derno - gley loamy soil, soil agrochemical
characteristics - the humus amounted to 2.09-0.9 %; potassium - 300 - 200
mg/kg; phosphorus - 300-200 mg/kg soil. The following soil tillage was applied
for the fall tillage: 1. plowing in 25cm depth; 2. shallow plowing 15cm depth ;
(1,2 - turf layer is turned over) 3. deep chiseling in 30cm depth; 4. shallow
chiseling in 15cm depth; 5. minimum tillage in 15cm depth; (3,4,5 - turf layer is
not turned over). The following agrocenoses were used for the investigateting
thins: permanent grasses (Phleum pretense + Trifolium pratense) of 1 or 2
cultivation years; winter wheat (Triticum aestivum L.) The soil bulk density was
investigated by means of N.Kachinskij methods (N.Kachinskij 1931) using 200cm3
weighing bottles 6 times during 3 plant development phases. The'soil chemical
properties, that is the amount of humus was determined by Tiurin method,
humidity, potassium and phosphorus - by means of accepted standard methods.
The microbiological investigations have been carried out every year in the
begining and at the end of plant vegetation period in 0-15 and 15-30 cm soil
layers. A distribution of different group microorganisms, as well as activity
ferment urease, protease and invertase were determined by means of dilution
method.
Soil micromorphological investgations was carried out every year in the end of
vegetation period.
Root system was investigated by means of momolith (15x30cm) method. Plant roots
were washed out from soil monolith in which soil structure is not destroyed
using 3 and 0.25 mm density sieves.
Results and discution. The obtained investigation results indicated, that when
plowing in 25 cm depth, bulk density in 30 cm layer fluctuate between 1.20
g/cm3 and 1.55 g/cm3, while minimum tillage iB being applied it reaches 1.30 1.60 g/cm3. Soil bulk density from spring tillage to the end of plant vegetation
period has increased from 1.30 to 1.58 g/cm3 in barley and winter wheat plots
and slightly changed in permanent grass plots (1.35 - 1.45 g/cm3). During the
whole plant vegetation period soil bulk density in 3rd, 4th and 5th variants in
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Ü-20 cm layer increased from 1.28 to 1.43 g/cm3, while in 20-30 cm layer - from
1.39 to 1.66 g/cm3. A lager amount of humidity in soil was accumulated in the
3rd variant of permanent grass plots (13 %) and a smaller amount - in 2nd, 4th
and 5th variants (11.5). Permanent grass mixture humidity regime of all variants
in investigated 4 (0-40 cm) layers fluctuated within the limits of reliabl
edifference (11-12%). In barley and winter wheat plots the largest Boil humidity
amount accumulated in separate layers of the 1st and 3rd variants - 12.8% (2030 cm) and 12.1 % (30-40 cm), accordingly, in other layers - from 7.8 to 8.7 %.
In the 4th and 5th variants the higher soil bulk density was observed, because
organic matters, which accumulated during vegetation period, didn't get into
deeper layers. When the surface soil layer wasn't turned over (3-5 variants)
all biological residues remained on the surface (0-10 cm) layer, i.e. they didn't
get into deeper layers.
Soil ploughing in 25cm depth made the same favourable conditions for
microbe cenoses both in the upper (0-15cm) and the bottom (15-30cm) soil layers.
The same root mass distribution in 0-25cm layer and the highest amount of
organic mater were obsorved there, too. Soil tillage minimalization, as well as
chiseling in 30 cm depth conditioned a quite evident differentiation of microbe
amount in the investigated layers. In the depth of 0-15 cm layer of these
variants, and especially in the 5th variant, a considerably higher amount of
nonsporeB-forming bacteria (ammonificating, assimilating mineral nitrogen and
nitrogen bacteria), actinomyces and mucedinous fungi was registred, while in 1530 cm layer their development was evidently reduced to compare with a normaly
ploughed soil layer. On the other hand, the highest amount of spore - forming
bacteria was obsorved in the 1st variant, and the lowest amount - in the 3rd
and 5th variant soil and there was no distinct differentiation between layers.
Changes of agroecosystems under different fall tillage were determined by
means of the experimental investigations. The obtained results indicated, that
from the ecological point of view plowing in 25 cm depth is well - founded,
because it decreases soil compaction, improves soil structure, soil humidity
regime in the whole tillage layer. In this layer (0-25 cm) accumulated the major
root mass of the investigated agroecosystems, in the rhizosphere layer the
amount of humus increased and microorganisms became more active. This soil
tillage method promoting the development proceses in the soils. Soil loosening
by chisel (0-30 cm) gives similar results like plowing, however, its annual usage
in the deeper soil layers decreases humus to 0.7%. Chisel tillage is more
effective in erosive soil, because plant organic residues on the soil surface
decreases negative effect of spring water. From the ecological point of view
shallow plowing, shallow chiseling and disk - cultivation is ungrounded.
Aplication of the discussed - above soil tillage methods increase soil bulk
density and decrease biological productivity of agroecosystems. Soil
agrophysical characteristics becomes worse.
Literature Cited.
(1) Pearce S.C. The Agricultural field experiment. -1978.-350 p.
(2) Russel E.W. Soil Conditions and Plant Growth -1961.688 p.
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Minesoil Properties as Affected by Reclamation
with Fly Ash
D.K. Bhumbla', S.S. Dhaliwal, R.N. Singh, and R.F. Keefer. Division of Plant
and Soil Sciences, West Virginia University, Morgantown, WV 26506-6108, U.S.A.
Introduction. Reclamation and establishment of self-sustaining vegetation on surface mined
lands are of interest to coal producing countries of world. Lack of top soil and presence of
acidity developed from oxidation of pyritic materials restrict revegetation on these lands.
Alkaline fly ashes have been successfully utilized to overcome these adverse soil conditions.
Fly ashes also contain elevated levels of toxic anions which are concentrated on surfaces of
fly ash particles. Many greenhouse and short term field studies have suggested that
application of fly ash to soils doesn't introduce toxic amounts of regulated elements into the
food chain (1, 2). However, there are concerns that with weathering trace elements
contained in fly ash may be released and introduced into the food chain through leaching and
plant uptake. Another concern is about the longevity of fly ash treatment in maintaining
vegetation and the nature of soil development on these soils. The present investigation was
conducted to evaluate release, distribution, and attenuation of toxic anions and changes in
soil properties with age on mine soils treated with fly ash.
Materials and Methods. Three mine lands treated with fly ash and varying in age from 5 to
22 years were selected. The first site (ST) was a very acidic mine soil which was treated in
1970 with 300 Mg/ha of an alkaline fly ash. A total of 26 ha of this mine land were treated
with fly ash and revegetated with tall fescue, red clover, and birdsfoot trefoil mixtures. The
second site (LX) was treated in 1982 with 400 Mg/ha of an alkaline fly ash. This site was also
highly acidic and the soil contained 0.6% pyritic sulfur. This site was revegetated with alfalfa.
The youngest site (KN) was reclaimed in 1987 with the use of 400 Mg/ha of fly ash. This
site was also seeded with grass/legume mixtures. In order to characterize overall mine soil
morphology and properties with depth, excavations 1-m deep were made in June 1992. Soil
profiles were exposed in six pits, two at each site. Large bulk samples were collected from
each delineated horizon. Samples were also collected from each site to a depth of 100 cm
at 10 cm interval. Samples of vegetation were also collected from each site. Soil samples
were analyzed for soil reaction, electrical conductivity, exchangeable bases, total As, and
extractable acidity. Soil solutions were extruded from each soil sample and extracts were
analyzed for trace toxic anions arsenic, selenium, molybdenum, and boron. Vegetation
samples were wet ashed and analyzed for As, Se, and Mo.
Results and Discussion. In top 0-5 cm of ash zone, no change in total As was detected at LX
and KN sites (Fig.1.). However, in 5-15 cm zone of ash about 33% of the As had leached
out. This leaching behavior showed that As was released by reaction of ash particles with
acidity generated in C horizon and transported to surface by capillary action. Arsenic
concentrations in soil solution were highest in ST and lowest in KN site. At all sites high
concentrations of As were also observed in soil solution from the ash zone which were
drastically reduced in the lower layers of soil. Arsenic released from the surface was retained
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Fig.1. Distribution of As with depth in soil and soil solution in three
fly ash treated mine soils varying in age from 5 to 22 years.

by subsoil by precipitation and/or adsorption reactions. Analysis of vegetation showed that
As levels in plants were always less than 1 ppm and no significant elevation in As level was
observed due to ash treatment. Selenium and Mo also exhibited a similar behavior.
In fly ash treated sites, increasing age of site resulted in an increase in the
thickness of A horizon. The thickness of A horizon at sites KN, LX, and ST were 8, 13, and
15 cm, respectively. The pH of A horizon was highest in the youngest (KN) site and lowest
in the oldest (ST) site. The pH of C horizon below A horizon was not significantly affected
by ash treatments. The A horizon of site KN (youngest) contained the highest amount of
ammonium acetate extractable Ca while the oldest site had the lowest amount. However, in
the LX, a very high concentration of Ca was observed just below the A horizon. This Ca was
present as CaS0 4 which was indicated by concomitant high concentrations of S0 4 2 . These
data show that although fly ash can maintain relatively high pH for over 20 years, its capacity
to supply Ca over longer periods has been significantly depleted.
Elevated concentrations of As in soil solutions from ash zone didn't cause any
adverse environmental impact as As neither bioaccumulated nor did it leach out of the soil
profile. Treatment of mine soils with ash maintained neutral pH and sustained vegetation
for 20 years but the capacity of ash to supply Ca was exhausted. Thus, over longer periods
of time, these soils will need further additions of lime.
Literature Cited.
(1) Bhumbla, D.K. 1991. Ameliorative effect of fly ashes. Ph.D. dissertation, West Virginia
University, Morgantown, WV.
(2) Singh, R.N., D.K. Bhumbla, R.F. Keefer, and D.J. Horvath. 1992. Improving crop
production by altering chemical properties of mineland with industrial waste. Proc. Internat.
Symp. "Nutrient management for sustained productivity," Vol.1: 366-380. Dept. Soils, Punjab
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Cuantitative Land Evaluation System, Programmable for
40 Diferent Crops of Tropical and Subtropicals Countries
A.P. Mesa Lorenzo*, A.A. Mesa Napoles. Centro Nacional de Suelos y
Fertilizantes Calle 150 No. 2123 e/21 A y 25 Siboney, Playa, Ciudad Habana,
Cuba.
Introduction. One of the most important facts in 2 modern agriculture is the need of a land
evaluation inventory for agricultural proyects. In any case it most be accurate, rapid and easy to
handle.
Exists a high numbers of soil and climate variables involved with crop yields but general simple
rules are not always so safe, so it is only acceptable the use of mathematical models but approached with a practical sense which comprises the microcomputers use and local ecosystems
information.
Materials and Methods. During more than 10 years they were collected statistic yield information
from moie than 40 plant species and a wide range of soil taxonomie units. Also were settled the
funcional relationship between different soil properties and limiting factors with the above
mentioned crop yields per ecosystems including rainfall.
It was developed a large data base and modifiers based upon mathematicals equations and
coefficients by means of which it was possible to predict yield, clasify land and to show the most
prominent limiting factors.
Results and Discussion. It was obtained a software which can be divided into two parts:
a) A programmable one for new conditions or ecosystems.
b) A programmed one far Known ecosystems.
In the first case inside the general structure is modified according the new condition, yield
datas linked to the most relevant soil classification systems included FAO-UNESCO SOIL
TAXONOMY, FRENCH, BRAZILIAN OR CUBAN SOIL CLASSIFICATIONS.
All of them must be used at the lowest possible taxonomie level. More then 10 limiting factors are
also adapted.
Once the ecosystem or form, calculation basis is programmed could be requested all the desired
information particulary important for feasibility agricultural projects and optimal land use with
sustanaible criteria.
In the output it is possible to obtain :.
a) The land evaluation in a four categories system.
b) Probable yield for irrigation or rainfed condition and different rainfall leves.
c) Conspicous limiting factors for specific crops.
This systems can be applied susccesfully with an acceptable degree of confidence because it is
adjusted at local level even per agroecosystem.
Literature Cited.
(1) Mesa A.A. Caracteristicas Edafológicas de Cuba (1992). Editorial Ciencia y Técnica. Habana,
Cuba.
(2) Mesa A. Manual de Evaluation de Tierras para Proyectos agropecuarios (1992). Centro Nacional
de Suelos y Fertilizantes Ministerio de Agricultura, Cuba
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Ahrweiler Meliorationsverfahren a Grossflachig in
Allgemeindichten Boden
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METHODOLOGY FOR EDAPHIC CHARACTERIZATION
OF CONIFEROUS FOREST IN SPAIN.
O. Sanchez Palomares and J.M. Gandullo. Departamento de Silvopascicultura,
Universidad Politécnica de Madrid, 28040 Madrid, Spain.
Introduction. Spain has an important portion of its forested area occupied for coniferous tree
species, most of them Pinus species. Their total area is more than 5 million Ha, including both
natural stands and plantations. Spanish coniferous forests show a high ecological diversity ranging
from subhumid maountains to extremely arid mediterranean lowlands. At the same time,
silvicultural practices are very varied, increasing furthermore the forest diversity. In order to
establish the ecological bases for the sound management of the existing forest and the creation of
new forest plantations, a series of autoecological studies of the main coniferous species have been
carried out since the sixties. So far, the following studies have been completed:
P. syvestris (1), P. nigra var. pyrenaica, P. nigra var. hispanica (2), P. pinaster ssp. atlantica,
P. pinaster ssp. mediterranea (3), P. pinea, P. halepensis (4) y P. cananensis (5). The study of
P. radiata (6), highly productive and non native species for Spain with more than 250,000 Ha.
planted in Northern Spain and coniferous, was completed as well.
One of the most important objectives of these studies is the edaphic charachterization of the habitats
occupied for the pinewoods.
Materials and Methods. 838 coniferous forest sites distributed all over Spain were selected and
field surveyed. Physiographic, climatic, floristic, silvicultural and edaphic data were recorded in
the selected sample plots.
Samples from each soil horizon of all surveyed forest sites were analysed. Consequently, forest soil
were identified and the most important soil parameter with forest ecological significance were
calculated for each forest sample plot.
These parameters, measurements of both physical or chemical soil characteristics such as texture,
percolation, field capacity, organic matter content, acidity, calcium content, ... etc, were computed
for each soil profile. Variability analysis among and between the different Pinus species were
conducted.
These analysis were carried out after taking into consideration the inherent parameter ranges of
variation and after the assuming compensation mechanisms among ecological factors. As far as the
edaphic factors is concern, those mechanisms could explain the presence of marginal forest
populations under very restricted conditions.
Results and Discussion. After computing their upper and lower limits (LI & LS), and their upper
and lower thresholds (UI & US), the Central Edaphic Habitat (HEC) (6) for each Pinus species
and soil parameter is defined as the (UI-US) interval. Their Marginal Edaphic Habitats (HEM)
are the (LI-UI) and (US-LU) intervals, and their Extramarginal Edaphic Habitat (HEE) is the
(LI-LS) interval.
The former habitat definition allows its use as a soil suitability index for Pinus species reforestation
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of degraded lands. Sites with soil parameter values included into their HEC should be considered
as highly suitable for the Pinus species considered. On the contrary, sites with soil parameter out
of HEC would be sites less suitable for Pinus species plantation. Evidently, the further the soil
parameter values are from a Pinus species HEC, the less suitable for this Pinus species plantation
are.
Comparisons among different Pinus species HEC were carried out by computing the existing HEC
overlays (7). This analysis allowed us to determine the degree of competence among species and
fragility of each one, as well as to identify the more discriminant parameters.
For each Pinus species and edaphic parameter we have defined their Relative Ecological Valence
(VER) as follows:
VER = 10(USM-UIm)/(US-Ul), were USM is the uppest US and Ulm is the lowest UI among all
the Pinus species considered. VER has allowed us to classify the Pinus species for each edaphic
into the following classes:
VER values
> 6.67
5/6.67
3.33 / 5
< 3.33

Class
Eurioic
Moderate Eurioc
Moderate Stenoic
Stenoic

We could conclude that at present, we have built up a huge coniferous forest data base from which
we have defined in a quantitative way the Spanish Pinus species soil requirements. The forest
resource planners and managers can use this knowledge for improving the management of present
pinewoods as well as for a better planning of future plantation in degraded lands.
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K. K. Tanji. Hydrologie Science Program, Department of Land, Air and Water
Resources, University of California, Davis, California 95616, USA.
Abstract. In regions with little or no opportunities to discharge irrigation drainage waters, a
proposal has been made to reuse poor quality drainwaters until no longer usable. One option is to
utilize an agroforestry system to reuse marginal quality waters. An experiment was conducted to
test the long-term efficacy of reusing saline drainage waters from croplands on salt tolerant
eucalyptus trees and Atriplex to reduce the volume of drain water and concentrate the salts for
salt harvesting. A growing body of field data is reported in this paper. The results indicate it is
possible to reuse 10 dS/m cropland drain waters containing 12 mg/L B and SAR of 11. However,
buildup of salts (ECe= 30 dS/m) and B (20-30 mg/L) in the root zone with a LF of 16% after five
years reduced the ET rates of the trees. There is a need to closely monitor soil quality and
adequate LF for agroforestry systems to be sustained over the long run.
Introduction. About one third of the 0.9 million ha of irrigated lands in the west side of the San
Joaquin Valley in California is water-logged and contains shallow ground waters with elevated
levels of salinity, boron (B) and selenium (Se)(3). Moreover, only about one fifth of this irrigated
land can discharge its drainage waters into the San Joaquin River system. One option
recommended to solve this drainage problem is to reuse drainwaters until no longer usable (3).
The reuse strategy consists of collecting drain waters from conventional croplands for irrigation
of salt-tolerant trees and halophytes (agroforestry system), thereby reducing the volume of
collected drainwaters and concentrating them for salt harvest (1).
This paper presents a growing body of data to evaluate the mass flow of salts and water and the
long-term efficacy of agroforestry systems to consume marginal quality waters. The agroforestry
system consists of conventional cropland, salt tolerant eucalyptus trees and Atriplex, and a solar
salt evaporator.
Materials and Methods. The experimental tile-drained agroforestry plantation comprises of
9.43 ha of Eucalyptus camendulensis and 2.02 ha of Atriplex spp. The plantation contains finetextured silty clay to clay soils underlain by an impermeable clay layer at 3.0-3.7 m depths over
the entire site. The eucalyptus trees and Atriplex were planted in 1985/1986. After the trees
lowered the shallow ground water level from about 0.6 to 2.3 m soil depth, the plantation was
equipped in 1987 with perimeter interceptor drains isolating the experimental site from the
surroundings and allowing for the monitoring water and salt flows. The trees and halophytes are
also ünderdrained to collect unusable waters for salt harvesting. Saline subsurface drain waters
from nearby cropland are used to furrow irrigate the eucalyptus through gated pipes. The tile
effluents from the eucalyptus and the perimeter interceptor drain serve as irrigation for the
Atriplex. The drainwater from the Atriplex is placed in a shallow solar pond for salt harvesting.
The residual drain waters disposed in the solar evaporator had EC of about 50 dS/m, and the
brine precipitating the salts had ECs of 160 dS/m and greater. The salts formed in the solar
evaporator were principally thenardite (Na2S04), halite (NaCl) and bloedite (Na2S04 . MgS04
. 5H20). The data base collected is mainly on the tree plantation from 1987 to 1990.
Results and Discussion. The subsurface drainage water from conventional crops used to irrigate
the eucalyptus trees had an average EC of 10 dS/m, SAR of 11, Se content of 400 ug/L and B of
12 mg/L. The salinity of this irrigation water was dominated by Na, S04, and CI ions. The tile
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effluents from the tree plantation in 1991 had an EC of 32 dS/m, SAR of 69, Se concentration of
700 ug/L and B of 51 mg/L (4). Effluents from the perimeter interceptor drain and relief drains in
the Atriplex were of similar quality to effluents from the tree plot. Apparently the imposed saline
water irrigation on the tree plantation was not fully realized even after five years of study.
The four-year (1986-91) average annual precipitation was 190 mm and the reference
evapotranspiration, ETo, was 1540 mm. These data were obtained from an agroclimatic station
about 2 km away from the agroforestry site. Accurate measurements of tree ET were difficult to
obtain due to the long and narrow configuration of the tree plantation. The best estimates of crop
coefficient for the eucalyptus trees using a combination of three methods (Bowen ratio-energy
balance, sensible heat eddy correlation-energy balance and modified Priestly-Taylor model) was
0.83 of ETo (2). In contrast, the crop coefficient for a full-cover unstressed trees is between 1.2
and 1.5. The low coefficient obtained was attributed to a salinity stress and possibly B both of
which had accumulated in the root zone from the saline water irrigation.
Extensive water and salt flow measurements were taken since 1987, including soil-water content
by neutron probes, soil-water pressure by tensiometers, and soil salinity by soil EC probe,
electromagnetic device and soil sampling. By 1990, substantial accumulation of irrigation water
constituents in the root zone occurred. For instance, the ECe in the surface soil was 25 dS/m and
at the 2.4 m depth, 30 dS/m; the soluble B content in soil saturation extracts was 20 mg/L in the
surface and 30 mg/L in the bottom; and soluble Se was 350 ug/L in the surface and 850 ug/L in
the bottom. Furthermore, water infiltration rates decreased as the SAR in the surface soil rose to
a value of 26.
The reduced tree ET rate was confirmed by soil profile measurements in the summer of 1990
when the trees were unable to fully extract the available soil moisture. The estimated leaching
fraction for the 1990 irrigation season was 16% of the applied water, and this may be too low to
control salinity and B in the root zone to levels tolerable to the Eucalyptus camendulensis.
Literature Cited.
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Nutrient Status of Abies religiosa in the Desierto de los
Leones, D.F. Mexico
M.A. Lopez, J. Velazquez-Mendoza, A. Velazquez, V. Gonzalez and V.M.
Cetina. Forestry Program. Colegio de Postgraduados, 56230 Montecillo, Méx.
Introduction. Strong declination symptoms have appeared in some
species in the Desierto de los Leones park, SW Mexico city during
the last two decades. Abies religiosa is the most affected
species and this is the dominant one in the area (1) . The
declination symptoms in this species are characterized by a
chlorosis of one-year-old and older leaves, that further become
dark and finally fall down. This defoliation pattern produces a
high mortality of the oldest branches, culminating this in a high
mortality of trees. Many studies in this area led to think that
the primary cause of the dieback of trees is air pollution;
however, most of those works focused to ozone's damage on leaves.
Worldwide literature on this topic indicates that air pollution
may produce changes on chemical properties of soil, which in turn
may lead to nutrient disorders in vegetation. Thus a study was
established to determine the nutrient status of the A. religiosa
trees in the plantation of the "El Cementerio" (EC) site, and as
a secondary objective, the nutrient status differences between
healthy and damaged trees was determined.
Materials and methods. Diagnosis and Recommendation Integrated
System (DRIS) was used to determine the nutrient status of the
trees. The species DRIS norms were based on foliar analysis of
181 healthy trees that had a mean age of 12 years old. The
sampled trees were from sites of adequate altitude, aspect and
canopy for the species.
At the EC site plantation, N, P, K, Ca, Mg, S, Fe, Zn and Mn
foliar concentrations were estimated and DRIS indices calculated
using the DRIS norms previously developed. Also in this area a
group of six healthy trees was nutritionally compared with
another group of six damaged trees.
Results and discussion. According to the DRIS indices, the A.
religiosa trees showed relative K, Fe and Mn deficiencies and S
excess. In the area, Mn deficiency in the soil was identified by
(1) in 1989. This explains the Mn deficiency found in the leaves
in the present study. Fe concentrations in the soil in some
sites of the EC area are low (1). Additionally, in comparison to
the A. religiosa Natural Distribution Area ( A N D A ) , Mg
concentrations in the soil are relatively high with respect to
other ions. These both situations may be limiting Fe absorption
by plants (3), producing Fe deficiency in plants. K deficiency
is maybe the result of the interaction of a K reduced level in
soil, Mg and K antagonism and K lixiviation from foliage. Soil K
level in the EC site is slightly lower than in soil collected in
the ANDA, (0.55 V s . 0.82 meq 100 g - 1 respectively), where
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pollution problems have not been reported.
The Mg and K
antagonism is well documented in the literature (3) being
recognized that the greater one nutrient concentration in the
soil the smaller the absorption of the other nutrient by plants.
Thus, the soil K/Mg ratio at the EC area was smaller than in the
soils from ANDA (0.29 vs 0.50), which indicates a greater Mg
concentration in the EC soils about K concentration. The O3 and
SO, concentrations in the air, are often above the established
critical levels for the Mexico city zone. Consequently the known
effects of these pollutants on plants, as permanent stomata
opening and cell membrane degradation (2), which in turn lead to
a greater membrane permeability, increased ion lixiviation
(especially Ca, Mg, K, Zn and P) from foliage and enhanced
pollutants^ uptake by plants, may be significantly affecting the
metabolism of the A. relicriosa trees.
The results of the nutritional comparison of the relatively
healthy trees against damaged trees indicated that the damaged
trees had a more severe K, Mn, Zn and P deficiencies, as well as
a greater S excess than the other group. Considering that both
groups are spatially mixed, the difference may be due to
different degree of plant resistance to air pollutants. Thus the
healthy trees would have a lesser amount and different pattern of
lixiviation from foliage than the susceptible ones.
These
nutrient disorders found in the damaged trees group agree with
the plant problems caused by increased foliage ion lixiviation
due to gaseous pollutants (4,5).
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Caracteristique Agroecologique et Principaux Sols
Cafetier Du Sudest de Baracoa, Cuba
J. Ruiz, J.M. Pérez, A. Hernandez y J.M. Font. Institute de sols. Ministerio de
La Agricultura. Apdo. 8022. Ciudad Habana, Cuba.
INTRODUCCION. Le cafeier a été introduite a Cuba au debut XIX siècle
par des colones francais inmigré de Haiti, les premier plantations
furent etablie ou region montagneux de Baracoa. Cet plant prope de
region tropicaux ont une grande plasticitè ecologique; elle c'est
déreule et produit dans conditions naturel
tres variables;pourtant
elle a besoin de certaines conditions de temperature, pluviosité,
luminosité, humidité relative et edafique por produir
rendiment
élevé (Carvajal,1984).
C'est pour cela qui est precise estudie les conditions naturels de
chaque endroit et c'est variation selon la position geografique et
la saison, de 1'année a fin de pouvoir localice les secteur optimun
pour place
les plantations de cafeier oü on peut obtenir de bon
rendiment.
MATERIEL ET METHODES. Dn utilise
1'information pedologique basique
de
existant dans le pais. La selection de la region montagneux
Baracoa situé au extreme norest du pais oü existe
une grande
contraste altitudinal qui provoque changement des conditions climatique et de la distribution des sols.
RESULTAT ET DISCUTION.
La region ètudié est en extreme complexe autant du point de vue
climatique, edafique
(Ruiz, 1988), geologique et geomorfologique;
cette variation des conditions naturels influent dans la distribution des especes vegetaux qui prospere bien dans les secteurs proche
aux littoral oü les temperatures et le lumonosité sont tres élevé,
les precipitation
baisse (<1200mm par année et sur sols calcaire;
dans les secteur intérieur oü les temperature sont frais, la luminosité est atténue par la nébulosité et le relief accidenté avec une
precipitation plus de 1800mm par année et sols evolué sur écorce de
météorization
tres profond de couleur
rouge on trouve espéces tres
different de cettes au littorale, c'est a dire il existe une seletion naturel de 1'environnement dont les conditions favorise 1'apparition et derrulle de formaties vegetaux spécifique et qui n'est pas
étendu plus loin de ses limites régionals.
De cette maniere
le cafeier aussi se comporte dans le diferent
environnement oü on peut trouver selon
les conditions naturels
rendiment tres variables.
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Par exemple dans le plaine proche du littorale oii 1 ' irradiation
soler et le temperature sont tres élevé
(>30C), les precipitations
le rendiment au caféier
moins de 1200mm par année et sols calcaire
est tres basse.
Au contraire dans les secteur plus élevé a 1'intérieur le radiation
soler, les temperature, les precipitation (>1800mm par année) et
sols no calcaire favorise les rendiment tres élevé du plantation
de
caféier.
Le travail realicé consiste dans delimiter contours regionales qui
precise les conditions naturels selon les secteur a fin de connaitre
ceux qui posse les conditions climatiques (precipitations, temperature, et 1'irradiation
soler) les types de sols, la roche mere y et
1'altitud sus la mer optime por place les plantations caféier a fin
d'obtenir rendement élevé
LITERATURE CITE.
Carvajal, J.F (1984): Cafeto cultivo y ferti1izacicm. Inst.
Internacional de la Potasa. Suiza.
Ruiz, J (1988): Particularidades de la formación y uso agricola de los suelos del macizo montanoso. Sagua Baracoa. Cuba
CARACTERISTIQUE AGROECOLOGIQUE DE PRINCIPALS SOLS CAFÉIER DU SUDEST
DE BARACOA. CUBA
ABSTRACT. An study of natural conditions of surrounding was
ced, delimiting in the SE of Baracoa region
in areals units
coming off those sectors with optimal
characteristics for
growth, ou the way best location of coffee plantation.
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The Eco-Environment of Red Soil Region in China: Its
Characteristics and Improvement
Xu Sheng-rong, Wu Shanmei. Department of Natural Resources and
Environmental Science, Nanjing Agricultural University 210014, Nanjing PR.
China
Introduction. The low-hilly red soil area in mid-subtropicaj China spreads over provinces of
Jiangxi, Hunan, etc., with an area of about 0.6 million Km , nearly 6.2% of total land area of
China, of which there are 8 million ha cultivated land and 2.4 million arable wasteland. There are
2.1 hundred million agricultural population in this area, making up 16% of total populatiun of
China. This region is an important base for supplying commodity grains, woods and agroecological
especialities. The similar areas of landscape and agroecological condition in the world include
parts of India, Burma, south America and north Mexico, covering about 1.0 millian Km . Whether
the economies in these regions are prosperous or declining will have an important influence
on the world developing.
The Ispection on the Agro-Ecological Controlling elements.
1. The Climate. The region is under dominace of the east Asian monsson. The annual sunshine
record is about 1200 hours, but over 40% of the total is recorded in July, August, September
and October, that is, the major growing seasons. The annual average temperature is about 18°C,
and the accumulation temperatures of> 0°C and >10°C are 5900-6400°C and 5600-5660 "C
respectively.
The annual average precipitation is approximately 1700mm. These can fundamentally meet the
heat and moisture needed by many crops such as rice, groundnut, corn, bean, orange, tea, etc.
However, with the unpredictable changes of the rain belt in summer monsoon the region
frequently suffers from drought or flood, while in winter the cold spells result in frost
sometimes.
2. The Red Soil. The representative type of soils here is red soil, which covers hills. The two
fifths of the area is uncultivated. Every farmer holds 0.2-0.5 ha, that is, three to seven
times of the plain region around here. The authors thought if the wasteland was fully utilized,
the economic effect would be 50-100% higher than that of the plain area. After carefully comparing the red soil region with the similar ones in the world, the authors did not agree that
the region in China was ecologically in good condition. Many years' study shows although the
total contents of nutrients and water are very rich, the available nutrients are very
deficient. For example, the crops averagely go short of about 50-90% available N, 30%
available P, and 80% available K. Additionally, the study also shows there is a serious problem
of degradation of soil fertility.
3. Agricultural marnagemnt. The development of econmics and culture in the region is slow. There
are no enough drainage facilities, fertilizers, pesticides to enhance production.
Further more, the farmers need technology to strengthen their agricultural management power.
Improved Ways.
1. To build the model artificial complex ecosystem Taking the catchment area as one basic unit of
low-hills, the model of artificial complex ecosystem, including forest, fruit, crop and animal
husbandry, is built to improve the condition of plant grawth. The results obtained show that
the land covered with vegetation, compared with the uncovered land, can decrease 770-2900% of
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the amount of soil loss and water erosion in rainy season, and decrease the temperature near
ground by 5°C, and increase the relative humidity and soil moisture by about 10% and over 5%
respectively in dry season.
2. To add the matrix for improving soil fertility
It is one of the major ways of improving soil fertility to make, reserve and activate soil
organo-mineral complex. The previous researches indicate that the contents of C, N, P and P
desorption capacity are higher in <lum and 1-2 um size fractions of complex. So, many
methods, such as promoting plant growth to accumulate stems and roots, applying pig manure,
making the stem return to field, regulating the soil pH to enhance emzye activity, breeding
the earthworms, etc, are used by farmers to accumulate complex. Particularly the accumulation
of erathworm casting can markedly increase the complex amount and improve soil fertility.
3. To develop high productive agriculture.
Many researches show that comprehensive land utilization can produce not only ecological
effect, but also significant economic effect. Campared with the single utilization ways, the
comprehensive utilization ways can increase the ratio of output to input by over 200% the
energy flow density by 66% the eneigy atxumulation amount by 600% and economic income per
capita by 50-100%. 11 thi. combination oi agncultuie. harvest, industiy and business is
carried out, the economic effect will be larger.
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Towards Achieving Optimum Use ol' Soil
Resource in Bangladesh.
M. S. Ilussain
Department of Soil Science, University of Dhaka, Dhaka, Bangladesh.
Introduction
Bangladesh, with an area of 14.8 million heclores, is located in the wet tropical monsoon
region of south Asia. Being situated in a gigantic delta, around 80 pe> :ent of its soils arc ol'
alluvial origin and ol' recent age (Hussain, 1992). Seasonal Hooding contributes unknown
amount of nutrient elements to the surface of these soils every year. Apparently most of
these soils therefore arc in a youthful stage. The dominant soils in this country can be
approximately enumerated as follows: Inceptisols—60 percent, Entisols—25 percent,
Alfisols-Ullisols—10 percent, I listosols—2 percent and others—3 percent.
Unfortunately, Bangladesh currently is burdened with an unbearably big population size—
110 million. Every hectare ol' land here sustains 10 persons. Thus, Bangladesh is acutely
a resource- scarce country where soil is the only vital natural resource base. The use of
soils here is not based on any sound planning that can ensure preservation of the nature as
well as quality of soils, as there is no soil conservation act in this country. In this paper the
possibility ol" attaining optimum and sustainable uses of soil in Bangladesh has been
discussed.
Materials and Methods
Optimum use of soil may be defined as that use which will employ soil to produce its
maximum and at the same time will not cause degradation of soil, and the production
system will remain sustainable in the long run. Present uses of land in Bangladesh are
presented in table I. To produce food and fibre for its burgeoning population this country
has been compelled to lake ilk' ominous step of bringing under cultivation around 60
percent of its land area, which has resulted in the critical reduction of its land area under
other uses, such as forest and grass cover.
Tabic 1. Areas of lands under various uses in Bangladesh (in ha)
Total 1: nd

Area (m ha)

<%)

La ul unavailable

Forested Culliucal

Current

Cultivated

foi cultivation

land

land

waste

fallow

14.83

3.22

1.90

0.58

0.98

8.17

100

22

13

4

6

55

Source: Bangladesh Bureau of Statistics (1992)
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'I'iihlc 2. Lund use intensity lu Bangladesh.
Single
cropped
Area (m ha)
%

1 >ouhk'
cropped

Triple

Net cropped

Cropping

cropped

area

intensity

l

3.29

3."<)

0. J8

8.17

171

40

48

12

100

-

Results and Discussion
The cultivated lands in Bangladesh are being unduly overused to produce the required
loods. Presently more than 48 percent of the cultivated lands are used lor double cropping
and another 12 percent for triple cropping (table 2). There is a tendency lor further
increasing the cropping intensity which now stands at 171 percent. Under these uses soils
are not allowed lime for regeneration of their natural properties. These practices are causing
critical reduction in their organic mailer content and a serious decline in soil fertility level.
Clearly, the existing management of soil resources is not in haromony with nature.
The overuse of land has caused serious environmental degradation and ecological
imbalance. Annually, more than I .5 million ions of unbalanced fertilizers and 5,0(X) tons of
insecticides are applied in lhe.se soils.
Beacuse of low organic muller conleui ihc soils in Bangladesh have only limited resilience.
As a consequence, a sizeable portion ul' the above agro-chemicals finds their way in to the
surface and ground waters. The threat of pollution of water is very much real in this
counlry. During dry season fishes of many a water body, boih open and closed, are
infected with unknown diseases.
As things stand, unless the population size could be stabilized, no optimum and sustainable
soil management system can be established in Bangladesh. At this point a vital question
may be asked: How long the limited soil resources in Bangladesh will be able to support
such a big population in the future, especially when it will exceed 200 million mark by the
year 2025. To face this challenge Bangladesh must endeavour lo develop some suitable
agrolechnology in near future.
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CHARACTERISTICS AND USE OF THE SOILS
OF BASALTIC SLOPES IN SOUTHERN BRASIL.
E. Klamt and P. Schneider. Departamento de Solos, UFRGS and CNPq, Caixa
Postal 776 - 90.001-970 - Porto Alegre/RS, Brasil.
Introduction. In Southern Brazil, the 'basaltic slopes' occupy the Lower and Upper
Northeastern Slopes and the Uruguay River Valley physiographic regions, covering 20% of
the Rio Grande do Sul State representing 56.000km2. The climate is the Cfa type of
Koppen, with 19.2°C mean annual temperature, and mean temperature of 11°C and 22°C
in the colder (July) and warmer (January) months, respectively. The mean annual
precipitation of 1,750mm is reasonable well distributed along the year. Short periods of
drought are common in the summer as well as frosts in the winter months. The natural
vegetation of semideciduous subtropical forest has been largely replaced with agriculture,
without consideration of the land capability. Land occupation of these areas initiated 150
years ago by european colonizers (mainly Italians and germans) and developed until recently
by three main steps: a) clearance of forest, b) crop cultivation until nutrient exaustion (by
crops and/or soil degradation by erosion), and c) shifting to new areas and renewal of the
process or recultivation of old areas after a few years of fallow. Presently, measures to
mantain farmers in that environment are necessary for three main reasons: a) difficulty to
resettle them in other regions; b) lack of employment in urban areas, to which many of
them migrated and,, c) necessity to increase food crop production. The scope of this paper
is to describe the properties of the soils found in the basaltic slopes in southern Brazil,
analyse their limitations for agricultural production and to propose alternatives to reclaim
and maintain their physical, chemical and biological properties for high productivity, and
improving environmental quality.
Materials and Methods. Seven test areas of 100km2 with relief and landforms representative
of the study area were selected on 1:20.000 scale aereal photographs. On a central area of
16km2 in each one of the test areas, two transects were sketched. The soils occurring on
each landscape element (Ruhe, 1960) were identified on the transects, by soil morphology
and samples of the horizonts collected for laboratory analysis of: pH H 2 0 and KC1,
exchangeable Ca, Mg, Na, K and Al; Al + H; organic carbon, extractable P and K and
particle size analysis (BRASIL, 1979). Cation exchange capacity, base saturation and Al
saturation were calculated. Soils were classified according to Soil Taxonomy (USDA, 1975)
and the land use capablity was evaluated by the methodology of Ramalho Filho et al. 1977.
Results and Discussion. Policyclic surfaces characterized by a succession of terraces and
slopes, sometimes including talus and pediments, are common geomorphic features in the
study area. Each terrace is formed by a stable segment and a unstable, sloping segment
(scarp). The summit (or crest) and alluvial plains are the common end segments in the more
developed surfaces, but entrenched valleys occur in younger more dissected surfaces. Deeper
and more developed soils as Paleudults, Paleudalfs and Argiudolls occur on the more stable
segments as crests, terraces and alluvial plains, which have good capability for annual crop
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production. Shallow and less developed soils as Hapludolls and Haplumbrepts occur on
sloping areas, with low land use capability. In the small, smooth to gently sloping alluvial
plains, mainly moderately deep Argiudolls are found, corroborating previous observations
(Uberti and Klamt, 1984; Curi et al., 1984). The differentiction of the landscape elements
and thus soil mapping units, which permit the development of comprehensive farm-scale
management plans, requires the use of aereal photographs of 1:10.000 scale or larger.
The soil survey performed on the small test areas showed that 30 to 60% of the
region has soils that are suitable for annual crops; 18 to 40% are suited for permanent crops
as sugar cane, pasture and fruit trees; and, 35 to 70% are suited for forestry or
preservation of flora and wildlife. These data show that former more generalized soil
surveys of the 'basaltic slopes' have underrated their land capability for annual crops.
To restore the previously favorable conditions for agriculture of the soils of the
basaltic slopes in southern Brazil, and to maintain these conditions, these farmes need to
adopt integrated measures of soil conservation and management as: a) use the soils
according to their capability, b) recuperate and maintain high soil fertility status, c) adopt
adequate soil conservation and management practices, and d) improve farm planning. The
adoption of improved soil management practices will assure higher yields by cultivation of
the areas with good capability for annual crops, and maintain the other areas with
permanent crops, thus improving the enviromental quality.
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The study of patterns of soil variability for
evaluating the agrotechnology transfer by
analogies in Guarico State, Venezuela.
O v a l l e s . F. A.; E. Bisbal; L. G u e n n i ; M. N u n e z y J. R e y . FQNAIAP
CI MAP1IR.A. Aptdo. 4653, Maracay 2101,
Venezuela.
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Introduction. The use of analogous areas for agrotechnology transfer is based
on that is expected to get similar responses on similar areas under the same
management conditions (Nix, 1979).
Soil variability is a limiting factor for obtaining similar responses on
similar areas. Thus, the study of the pattern of soil variation is considered as an
important step for stablishing analogies between units. Therefore, two
experimental sites located on different delineations of the same mapping unit
were selected. The objective of this study was to stablish the pattern of
variation on the experimental sites selected.
Materials and Methods. The study areas corresponded to two experimental sites
of 0.3 ha each. They are located in the County of Chaguaramas, Guarico State,
Venezuela. The sites are located on different delineations of the same mapping
unit, and a re named Canaveral and Chaguaramas. Soils are part of an association
of Typic Haplustalfs and Typic Paleustalfs, fine, mixed, isohyperthermic, gentle
sloping. Texture varied from loamy to clayey; the drainage varied from
moderately well drained to imperfectly drained; soils had moderately
susceptibility to erosion.
A nested sampling was carried out (Ovalles, 1991; Webster and Oliver,
1990). The sampling h a d four levels (3x2x2x2x2 = 48 observations). The levels
were related to distances of 20, 10, 5 and 2 m. Observations were done up to 1 m
depth, determining horizon width, Munsell color, % of sand (a), silt (s), clay (c),
organic matter (OM); ug/mg of Ca, P, and K; pH; and electrical conductivity (EC)
(ds/m). Color data were transformed by using the method of Godlove (Melville
and Atkinson, 1985).
Results undergo a statistical analysis (mean, median, and variance) and
a nested analysis of variance. The latter was used for obtaining the components
of the variance (Trangmar, Yost y Uehara, 1985). Variograms were obtained from
the nested analysis of the variance.
Results and Discussion. The statistical
analysis results stablished that the
two sites had different soil properties,
the differences were mainly related to
texture and soil depth. Soils in
Canaveral were deeper than the soils
in Chaguaramas, and the former had
lighter texture than the latter. The
coefficients of variation, generally,
were low in both areas (<50%),
nevertheless, Canaveral had the lower
coefficients as a consecuence of a
small erosion process if compare to
Chaguaramas.
The nested analysis of variance
indicated similar soil conditions with Fig. 1. Variograms of color in Chaguaramas.
depth in Chaguaramas. This site had
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a large variability (>40%) at the lower sampling distance (2m). This can be a
consecuence of a differential erosion process ocurring in the area, there was an
increase in soil variability from the 10 m distance (Fig. 1).
There was a large variability at
the surface horizons (>40%) in
Canaveral, soil variability decreased
with depth (Fig. 2); soil management
can cause a large microvariability at
the surface horizons. On the other
hand, the erosion process is smaller in
Canaveral than the one in
Chaguaramas. As a consecuence, the
surface in the former area has more
stability with a
smaller
microvariability at the subsurface
horizons. All soil horizons increased
variability from the 10 m distance.
Despite the differences in soil
properties between the two sites Fig. 2."Variogramsaf*ofclayln
studied, both areas had an increment
Canaveral,
in soil variation from the 10 m
distance, with a similar pattern of
variation. Therefore, it can be expected that changes in soil properties will have
the same behavior in both sites.
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Reconciling crop growth and continuous soil variation
B.M. Whelan § , A.B. McBratney § & G.M. Laslett* ^Department of Agricultural
Chemistry and Soil Science, The University of Sydney, N.S.W., 2006, Australia. *CSlRO
Australia, Division of Mathematics and Statistics, Private Bag 10', Clayton, Victoria,
3168, Australia.
Introduction
The development of new grain varieties that provide increased production
performance and greater suitability to underlying soil factors is a critical component of crop
improvement. There is a large genetic potential for increased yield present in modern crops that is
unrealised because of the need for better adaption of the plants to the environment in which they are
grown (1). Utilisation of this potential is an obvious means to increase economic yield in concord
with the natural environment. Extention of the present ability to accurately identify and predict high
performing varieties and to quantify genotype-soil interactions is required to allow varieties to be
matched with limiting soil attributes and thus soil types.
Materials and Methods The environmental variation usually exhibited among experimental units
in agricultural field experiments is traditionally accommodated in analysis using methods that
assume the heterogeneity of a field can compartmented. In these methods, variation is treated as
occurring in a rigid step-like fashion. This oversimplifies the real situation where, typically, the
nature of the heterogeneity is such that there is appreciable correlation between the neighbouring
experimental units. More sophisticated 'nearest neighbour' techniques (2) have improved the
identification of this correlation however they continue to propogate a rigid, albeit more integrated,
underlying model of field variation.
The 'random field' technique is a new approach to this problem (3) that uses an underlying
model closely related to geostatistical methods and more accurately represents the large and small
scale variation in the field. This technique is applied as the basis of a computer program constructed
to model this correlation and allow any observed trend to be removed from crop yield data. It is
believed that the predominant explanation for this correlation is the spatial correlation of soil
attributes governing crop growth.
The developed program is tested on yield data obtained from a wheat uniformity trial conducted
in northern N.S.W., Australia, to study small-scale variation.The site was based on a 3 x 3 metre grid,
over an area of 36 metres square, and comprised 144 individually measured plots. Total grain and
grain protein yield was analysed from each plot, along with visual aerial infra-red data from the crop.
Results and Discussion
The computer program is entitled 'Spatial Linear Model' and includes
the originally proposed exponential correlation model (3) along with additional spherical and Bessel
models. The program includes features that enable the analysis of data using up to 12 model variants.
Easy access to the many optional controls is afforded using a user-friendly operation interface,
written using a Hypercard^Stack .
Analysis of the grain yield (Fig. 1) showed a spherical model for the trend (Fig,2). The residuals
are displayed as Figure 3. The spherical variogram underlying the model revealed an effective lag

99

Fig. 1 Grain yield (tlha)

Fig.2 Grain yield trend model (t/ha)

Fig.3 Grain yield residuals (tlha)
of 15 metres and a sill semi-variance of 0.55. Analysis of the related protein data showed a lag of 25
metres and a semi-variance of 0.25. It would appear that the crop protein yield has been less affected
by the soil variation than the grain yield. This would suggest that the wheat variety tested is more
adept in adapting grain protein content under varying soil conditions than total grain yield.
Confirmation of the evident growth trend was obtained from the visual infra-red data obtained by
aerial rcconnaisance.
It could be inferred from this analysis that real economic maximisation could best be achieved
by directing efforts in N.S.W wheat breeding programs towards improved grain production tolerance
to soil spatial variability. The Spatial Linear Model program displays promise in aiding the selection
process of these varieties in crop breeding programs.
Literature cited
(1) Boyer, J.S. 1982. Plant productivity and environment. Science 218:443-448.
(2) Cullis, B.R. & Gleeson, A.C. 1991. Spatial analysis of field experiments - an extension to
two dimensions. Biometrics 47:1449-1460.
(3) Zimmerman, D.L. & Harville, D.A. 1991. A random field approach to the analysis of field
plot experiments and other spatial experiments. Biometrics 47:223-239.
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THE ORGANIC MANURE IN THE REPUBLIC OF
BULGARIA CONDITION AND PERSPECTIVES.
Svetia Marinova Garvanska, PH.D, Senior Researcher; Institute of Soil Science
and Agroecology " N.Poushkarov "; 1080 Sofia; 7, Bankya Highway Str.; Bulgaria

Introduction.

The development of the stock-breading, the using of the industrial methods of breading
of animals, and the creating of small farms brings the increasing of the quantity of agricultural
wastes. By an incorrect using of them the environment can be polluted and the normal life of the
people can be disturbed.
The goal of our study is on the ground of the created coefficients of the quantity of the
excrement from the several kinds and types of animals to make new technologies for use of the
organic manure for supporting and increasing of the soil fertility and the crops yield.
As a result of many investigations in Bulgaria is established, that the quantity of the
excrement and the urine, received daily from the several kinds and type of animals, corresponds
better to the their weigh. By the cattle the quantity is about 8% of the weigh ( 500 kg) of the
animals in a correlation 1,66:1. By the swine that is 7% in a correlation excrement to urine
0,62:1, and by the hens-good layer - 5,9%.
Material and Methods.
In the most of the farms the cleaning of the excrement and of the urine is made with
water. The water is used for technological and sanitary needs as a result of them is the receiving
of liquid manure.
They are developed and adopted several technological decisions for treatment and use of
the manure.
1. Technological scheme for surface using of the organic manure.
- In a small farms we recommend the transportation and dispersion of the manure with
tanks over the surface. For forage plants and earthen up crops we recommend 4 - 8 MT/dca, and
for the wheat corn pasture-lands - 2 - 4 MT/dca by the conte. t of dry matter 2 - 6%.
- In a smaller industrial swine-breading farms, where are used greater quantities of
water and the content of dry matter is less then 1, we recommend the dividing of the manure,
and the treatment and use of the received fractions separately.
2. Technological scheme for under-surface bringing of the liquid manure:
- We recommend for cattle, technologies for deep soil saving. The used norms are
once in 6 - 8 years.
3. Scheme in which the liquid manure is biological purificated and after them it is sent to
the water collectors.
- In the cases of farms, which are made on bad places and have not agro-places, and
by a concentration over the limited, we recommend stations for artificial biological purification.
Result and Discussion.
For every case must be made special technology related on the quantity of the animals,
the kind of the cleaning of the rooms, the characteristics of the manure, the norms of
fertilisation of the crops, the quantities of saving, the time for bringing, etc.
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Biofertilizer in Relation to Soil Fertility and Cropping System
T. K. Ganguly*, J. Choudhury and P. K. Roy. Division of Soil Chemistry and
Microbiology, Central Research Institute for Jute and Allied Fibres, Barrackpur,
743 101, W.B., India.
Introduction.
Role of Azospirillum brasilense on yield and quality of cereal crops are well known in the tropical
region (1,2,3). However, no work has yet been done regarding the application of this bacterium
in fibre crops viz., jute (Corchorus olitorius) and jute based cropping system Jute-Rice and
Jute-Maize. The objectives of the present study are to find out efficacy of the bacterium in
relation to yield and quality of crops as well as quantification of nitrogen enrichment in soil by
means of fixation and the relationship that exists between Azospirillum brasilense count and N
fixation.
Materials and Methods.
Pot experiments were conducted in this institute in 1987 to study the effect of A.brasilense on
yield, quality, soil fertility in jute-rice and jute-maize. The results obtained upto 1992 is being
reported here. Seeds of jute and maize (Zea mays L.) were inoculated. In case of jute-rice
the effect of inoculation in jute was seen in rice (Oryza sativa L.) and similarly was in case
of jute-maize. The jute bark (fibre), rice grain, fodder maize yields, crude protein production,
N uptake and soil N fixation were recorded in relation to bacterial fertilization. The soil N
fixation and bacterial count were recorded in post harvest jute.
Results and Discussion.
J u t e - R i c e . The jute plant fresh and fibre yield (g/pot) increased on inoculation. Inoculation
plus 7.5 ppm N yielded jute bark at par with 15 ppm N. However, N at 22.5 ppm in combination
with inoculum yielded the bark highest. The N uptake study showed the similar trend. Rice
grain and straw yield increased by inoculation alone. Inoculation alongwith 20 ppm N yielded
grain almost comparable to 40 ppm N. Again, there was compatability between inoculation
plus 40 ppm N and 60 ppm N only. However, inoculation plus 60 ppm N brought no extra
advantage over 60 ppm N alone. Similar was the results obtained in case of N uptake in rice.
J u t e - M a i z e . In this trial similar phenomenon was observed in the fibre crop. In maize, application of N at 22.5 ppm produced equivalent fodder as obtained with inoculation. Nitrogen
level at 22.5 ppm and inoculation produced yield, crude protein over control and 15 ppm N
and was almost at par with 22.5 ppm N alone.
N 2 fixation. The quantification of N 2 fixation in soil due to A.brasilense inoculation was
studied and the value ranged between ± 3 to 15 mg per cent.
B a c t e r i a l C o u n t . Enumeration of A. brasilense around root-rhizosphere and soil zone showed
an interesting phenomenon. The number of A.brasilense colonies increased due to N levels and
inoculation, however, there was a sharp fall noticed beyond a particular higher N level. This
fall might probably be due to the inhibitory function of N 0 3 ~ , N 0 2 ~ or N H 4 + ion around root
under comparatively higher fertility regime, where the activity of nitrate reductase enzyme
diminsh(4).
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Conclusion. The N 2 fixation and bacterial count clearly indicate the efficacy of A.brasilense
in relation to crop yield and quality. The N2 fixation study ascertain about the soil fertility,
and bacterial count ascribes the effect of A.brasilense particularly under lower fertility regime
was much more beneficial than that higher N fertility.
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(1) Day, J.M. and Dobereiner, J. 1976. Physiological aspects of N 2 fixation of spirillum fr c
Digitaria root. Soil. Biol. Biochem 8:45-50
(2) Ganguly, T.K., Amarjit Singh and Tomer, P.S. 1980. Response of sorghum amd oats <
Azospirillum brasilense and nitrogen. Indian J. agri. Sci. 50:721-724.
(3) Subba Rao, N.S., Tilak, K.V.B.R. and Singh, C.S. 1979. Response of barely to inoculation
with Azospirillum brasilense at varying levels of nitrogen. Proc. First Natl. Symp. on Barely
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EFFECT OF COCONUT FIBER ON SOIL AND
MOISTURE CONSERVATION

Ranjith B. Mapa. Department of Soil Science, Faculty of Agriculture,
University of Peradeniya, Peradeniya, Sri Lanka
INTRODUCTION
Soil erosion is listed as the major contributing factor
to environmental degradation in the mid and up country areas
by the Central environmental Authority of Sri Lanka. While
decreasing the agricultural productivity of the Ultisols by
removing the most fertile top soil, these particles also silt
up the reservoirs which provide hydro-power and water for
irrigation in the low country dry zone. Coconut fiber which is
a by product of coconut industry holds great potential as a
mulching material for soil and moisture conservation in these
areas. It is impossible to find live mulches in these areas
and coconut fiber will not decompose as fast as live mulches
due to its high carbon nitrogen ratio. Furthermore coconut
fiber is a bio-degradable product and will fit into natural
ecological cycle without polluting the environment.
The objective of this study was to evaluate four kinds of
materials woven from coconut fiber on soil and moisture
conservation in Ultisols of Sri Lanka.
MATERIALS AND M E T H O D S
This study was conducted in the University Experimental
Station in Kandy, Sri Lanka 470 meters above mean sea level.
The soil was an Ultisol with silty loam to silty clay loam
texture. Three types of coconut fiber materials, loosely
woven, tightly woven and a rubberized coir mixture was laid on
unit erosion plots with 9% slope. A plot without any mulch
served as the control. Soybean (Glycine Max) was planted after
inoculation through the openings of the woven coir material.
All treatments were replicated three times. The run-off and
soil collected was measured after each rainfall event. The
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soil loss was estimated using the sediment content in a sub
sample collected from the runoff. Soil moisture was measured
by gravimetric sampling at 10 cm depth and soil temperature
was measured at 5 cm depth throughout the growing season. The
soybean yields were obtained at the end of experiment.
RESULTS AND DISCUSSION
The soil loss of erosion plots mulched with coconut fiber
materials reduced runoff and erosion significantly. The
control (no mulching) plots collected 1.1 mt/ha soil during
the 3 1/2 growing season of soybean in contrast to plots
mulched with coconut fiber which collected only 0.038 mt/ha
soil. The volumetric water content of 0-10 cm depth was always
4% to 5% higher in mulched plots. The coconut fiber mulch also
reduced the soil temperature significantly. The no mulch plots
showed an average temperature of 32°C while the plots mulched
with coconut fiber showed 28°C at 1400 hours. The diurnal
temperature variation also reduced from 7°C in control plots
to 3°C in mulched plots. All theses favorable factors
contributed to the higher yields of soybean in mulched with
coconut fiber.
CONCLUSIONS
These results show that coconut fiber holds great
potential as a mulching material for soil erosion control. As
this has a high C:N ratio, it remained for a longer period on
soil surface and also is bio-degradable and environment
friendly, the effect of coconut fiber mulching on soybean
nodulation and nodule development need further study.
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Effect of Cultivation on the Organic Carbon, Nitrogen and
Sulfur Contents of Selected Soils in South Africa
C.C. du Preez*, M.C. du Toit, and M.E. du Toit, Department of Soil Science,
University of the Orange Free State, Bloemfontein 9300, Republic of South Africa.
Introduction. Surveys of soils on commercial farms practising rainfed agriculture in South
Africa, found large losses of organic matter and a consequent reduction in the organic C, N
and S contents (l), which is in agreement with similar surveys elsewhere in the world (2).
Information regarding the rate of organic C, N and S loss on account of cultivation is not
available for the summer rainfall regions in South Africa. Thus, the aim with this
investigation was to (1) quantify the effect of cultivation on the organic C, N and S contents
of soils with virgin soils serving as reference; (2) find the relation between cultivation period
and the decrease in organic C, N and S contents and (3) determine whether the decline in
organic C, N and S as a result of cultivation differed between agroecosystems.
Materials and Methods. Fifty sites were selected with the purpose to obtain a variation in
climatic conditions, soil properties and cultivation periods (Fig. 1). The mean annual rainfall
increases from 400 mm in the west to 750 mm in the east, while annual average daily
temperature decreases from 19°C in the west to 13°C in the east. The soils, which varied in
texture from fine sandy to fine clayey, belong to the great groups quartzipsamment,
plinthustalf or haplustert. Cultivation periods ranged from 5 to 90 years. Twenty seven of the
sites represented five agroecosystems. An agroecosystem was defined as a region where the
three environmental factors which affected yield viz. climate, slope and soil, were for
practical purposes homogeneous. The variation of these factors is not sufficient to influence
significantly the crops that can be produced, the yield potential of the crops and the
required production techniques. The mean annual rainfall, annual average daily temperature
and soil type for each of the agroecosystems were (1) 455 mm; 17.9°C; fine sandy, thermic,
coated, typic quartzipsamment; (2) 563 mm; 16.6°C; fine loamy sand, thermic, mixed
plinthustalf; (3) 670 mm; 14.9°C; fine clayey, thermic, montmorillonitic, typic haplustert; (4)
516 mm; 16.0°C; fine sandy clay loam, thermic, mixed plinthustalf and (5) 624 mm;
13.8°C; fine sandy loam, thermic, mixed
plinthustalf, respectively. The main crops
produced on agroecosystems 1, 3 and 4
were maize,
sorghum
and
wheat,
respectively. On agroecosystems 2 and 5
either maize or wheat were the main crops.
At each site, six plots were sampled from a
virgin and a cultivated soil.
Twenty
subsamples were collected at each plot (10
m x 10 m) to a depth of 200 mm, thoroughly
mixed, dried in a room heated to 35°C,
crushed and passed through a 2 mm sieve
before being analyzed. Organic C was
determined by using the Mebius procedure,
total N by using the Kjeldahl method and
30'
total S by using indirect atomic absorption
after perhloric acid digestion.
The
inorganic N and S in the soil samples were
Fig. 1 Distribution of the fifty sites and the
negligible.
five agroecosystems
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Analyses of variance were computed to determine the effect of cultivation on the soil organic
C, N and S contents at each site. The cultivation index (%), calculated as 100 x c/v, where c
and v are either organic C, N or S concentration in cultivated and virgin soils, was correlated
with years of cultivation for the 50 sites. The decline in organic C, N and S in soils of the five
agroecosystems were best described by the equation: Xt = X p + (XQ - X e )e- X r l where X t is
the organic C, N or S content after a certain cultivation period, Xg the organic C, N or S
content at a new, lower equilibrium after a long cultivation period, XQ the organic C, N or S
content when cultivation had commenced, Xr the rate of organic C, N or S loss and t the
cultivation period.
Results and Discussion. Cultivation caused a significant decrease in the organic C, N and S
contents. This amounted to 10-75% in the case of organic C, 6-73% in the case of organic N
and 4-70% in the case of organic S. Losses of organic C and N were consistently larger than
that of organic N and S, respectively, with the result that cultivated soils had slightly lower
C:N:S ratios than virgin soils. The decrease in organic C, N and S as indicated by the
cultivation index showed three distinct phases (Fig. 2). The rate of loss was rapid during
phase one which was the first five years of cultivation. Thereafter the rate decreased during
phase two until an equilibrium was reached after about 35 years of cultivation. After this,
very little or no further loss occurred during phase three.
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Fig. 2 Cultivation index versus cultivation
period for the fifty sites

The rate of organic C, N and S loss on account of cultivation in agroecosystems from the
warmer, drier areas was higher than in agroecosystems from the cooler, wetter areas (Fig. 3).
Only the pattern of organic C loss is given because that of organic N and S were very similar.
The organic C, N and S in soils from agroecosystems 1, 2, 4 and 5 respectively, reached a new
equilibrium after approximately 15, 10, 55 and 45 years of cultivation. A new equilibrium
level for organic C, N and S was not established in agroecosystem 3 due to a maximum
cultivation period of only 30 years. In agroecosystems 1, 2, 4 and 5 loss amounted
respectively to 47, 41, 71 and 70% in the case of organic C, 39, 37, 61 and 64% in the case of
organic N and 52, 35, 66 and 60% in the case of organic S. Thus, cultivation resulted in large
losses of soil organic C, N and S, which differed between agroecosystems in the area of
investigation.
Literature Cited.
(1) Prinsloo, M.A., G.H. Wiltshire, and C.C. du Preez. 1990. Loss of nitrogen fertility and its
restoration in some Orange Free State soils. S. Afr. J. Plant Soil 7: 55-61.
(2) Smith, J.L., and L.F. Elliot. 1990. Tillage and residue management effects on soil
organic matter dynamics in semi-arid regions. Adv. Soil Sci. 13: 69-88.
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Changes in soil fertility under continuous direct
drilling in a heavy clay mediterranean soil, Entic
Chromoxerert
P. Gonzalez*, J.V. Giraldez, R. Ordonez, and E. Fereres. Dept. of
Soil and Irrigation, CIDA, and Dept. of Agronomy, Universidad. Apdo 4^40,
140 80 Córdoba, Espan a.

Introduction. Current agricultural practices in northern mediterranean countries ;ir<' changing under the pressure of the food markets on the surplus of production
In <i lew years
the goals of the farmer are shifted from higher yields to less expensive production. Besides,
the environmental risk of more intensive agriculture generating high sediment loads as ton
sequi no 'i> erosion, have opened the way to conservation tillage In South' 1 Spain th< r<
are over 400,000 ha of heavy clay soils cultivated with dry farming techniques, turning from
conventional to minimum tillage systems. The introduction of the new systems on these soils
have posed new problems like weeds control and sowing methods, but other important aspects
as soil fertility conservation have remained almost forgotten. The purpose of this report is to
analyze the fate of soil fertility under the new conservative agriculture.
M a t e r i a l s a n d M e t h o d s . A comparative long term tillage trial was established in 1982, in
an experimental farm located near Carmona, 30 km East from from Sevilla. The climate is
typical mediterranean with an average annual rainfall of 450 mm with long hot dry summers,
and average annual temperature of 17 C. The soil is clayey, more than 60% of the inorganic
fraction is smectite, rich in calcium carbonate, classified as Entic Chromoxerert under Soil
Taxonomy standards. The crops of the rotation are wheat, sunflower and legumes as broadbean or chickpeas, all of them in dry farming. Recent trends are advancing sowing time to
the middle of the Fall to avoid the desiccative effects of the hot spells of dry wind during
late Spring. The tillage treatments are conventional and zero, direct drilling or conservation
tillage, conventional tillage consists, essentially, of burning the stubble after harvest, followed
by moldboard plowing, and successive disking and harrowing to reduce clod size, prior to the
next crop. Once emerged mechanical weed control keeps clean the row crops. Direct drilling
consists of chemical weed control, with several applications depending on the weather. Fertilizer is broadcasted on the soil surface in this treatment. N fertilzer trials were carried out
between 1990 and 1993
R e s u l t s and D i s c u s s i o n . The conservation of soil moisture, due to the maintenance of
surface cracks, and the protection of the soil with the stubble, resulted in most regular and,
sometimes higher yields for the direct drilling than the conventional in dry years, as reflected
in the data of Table 1. Water is the most limiting factor in agricultural production in this
area. This advantage is worth enough for the farmer, who, even with similar yields, has more
profit since costs are reduced.
Stubble conservation has increased the otherwise low organic matter content of the top layer
of the soil.
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The less mobile nutrients have been stratified in the soil profile in absence of moldboard
plowing. Table 2 shows these data.
Table 1. Average yields of the rotation crops,
(1982-93), kg ha - l
Crop
Direct Drilling Trad. Tillage
Wheat
4867 ± 566
5151 ± 698
Sunflower
1003 ± 414
1039 ± 652
Broadbeans
2712 ± 256
2333 ± 536
Chickpeas
832 ± 192
795 ± 238
The application of fertilizer on the soil surface, and the increase in organic matter has not
decreased the pH of the upper layers, contrary to other reports, (1).
Table 2. Average soil characteristics
av. P, ppm av. K, ppm
Depth
O.M., %
cm
DD
CT DD
CT
DD
CT
15.
727. 612.
03 1.63 1.19 35.
13.
554. 540.
3- 13 1.25 1.24 11.
5.
11.
422. 430.
13- 26 1.11 1.17
3.
5.
26- 52 1.03 1.12
314. 345.
DD: direct drilling; CT: conventional tillage
The response to N fertlizer is different for the two tillage systems, conventionally cultivated
soils not fertilized yield more than the direct drilled soils. However as the N fertilization rates
increase the reverse trend is observed. Since the yields are very low without fertilization, direct
drilling is more profitable in these soils, than conventional tillage.
Literature C i t e d
(1) Blevins, R.L. et a/., 1983, Changes in soil properties after ten years of continuous non-tilled
and conventionally tilled corn, Soil Till. Res., 3:135-146.
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Soil Virginization, A World-wide Trial for
Permanent, Flood-free Agriculture
K. C. Hou®

Y. Y. Liu®

X. B. Hou0

(Abstract)
1. Previous Work on the Thermodynamical Properties of Soil Colloids
Our work on the thermodynamical properties of soil colloids was started in
1 9 6 4 ( n . Results of our work disclosed the fact that a fertile soil always shows an
increase in sticky range, but a decrease in both plastic and liquid range from
15'C to 3 0 ' C ; while an infertile soil behaves otherwise. Subsequent studies
performed during a period of 30 years, (1964 —1993)aimed at elucidating the
real meaning of the term "soil fertility", especially those complicated phenomena
of soil vitality. The essence of our findings may be briefly summarized below :
The meaning of the term "soil fertility" is a synonym of the term "soil
vitality",which is represented by soil physiological and ecological characteristics
on the one hand, and richness or deficiency of nutrient content on the other.
Among these two phases, soil vitality is apparently generated from the inorganic,
organic, microorganic,enzyme colloid complex which is activated by the solar
heat and is enhanced by the microbiological activity. Our research also point out
the fact that the strength of soil vitality may be estimated through two
temperature tests : the width of activited temperature range between the upper
and lower limits, and the narrowest temperaure range under which soil colloid
can keep constant activity under any unexpected ecologiecal circumstances. The
above two temperature ranges can also be determined through soil plasticity
determinations.
The above-mentioned properties of soil colloids may help us to interpret such
phenomena as cold resistance, drought or flood resistance, etc.
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2. An Outline of Soil Virginization Practice
Peoples in the whole world are now growing more and more concerning
about damages caused by frequent floods and droughts. But, they usually pay
little attention to the method of soil utilization. With the help of new device on
soil virginization, high yields togeter with Vanishing of floods and droughts may
appear. The contents of this new method are listed below. Firstly, a constant,
automatica controll of temperature, water filtration, ventilation and nutrients
supply must be attained by means of a thorough recovery of virginal state before
an

absolute,

long

term

" non-tillage ".

Among

these

time-consuming

pretreatments, a constant automatic controll of soil temperature range is the first
requistite Scondly, ridging and furrowing should be adopted for the purpose of
turning irrigation water into capillary soil water throughtout " non-tillage"
period. Thirdly, in order to avoid any evaporation loss of soil water as well as
erosion loss in any season of the year, surface mulching must be maintained
throughout the whole year, this is also a safe means to facilitate downward
infiltration of water. Our field experiments also show that soil mulching tends to
effect the constant optimum soil temperature, which favors organic manure, but
not fit for chemical fertilers.
3. Suggestion of a soil classification system for young cultivated soils.
a soil classification system based on soil fertility behaviors is offered for
discussion.
References
( 1 ) K. C. Hou : Soil profile studies as a guide to the assessment of soil
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Tracing of the Tagged Urea-N Flood-fertigated with
Different Depths of Water at the Knee-high
Stage in the No-till Corn Systems
S.Lian.Taiwan Agricultural Research Institute,
Wufeng.Taichung Hsien,Taiwan 413,ROC.
I n t r o d u c t i o n . It is a p p a r e n t f r o m t h e p r e v i o u s s t u d i e s ' 1 * w i t h , 5 N
t r a c e r a p p l i e d at d i f f e r e n t t i m e s , t h a t t h e t o p - d r e s s i n g at t h e k n e e h i g h s t a g e i s h i g h l y r e c o m m e n d e d f o r t h e b e s t u t i l i z a t i o n of
fertilizer n i t r o g e n in m a i z e f i e l d .
The r a p i d h y d r o l y s e s of the surface a p p l i e d urea may r e s u l t in both
h i g h pH and h i g h a m m o n i u n N c o n c e n t r a t i o n in t h e s u r f a c e
soil,particularly under no-till conditions. These conditions favour gaseous
losses of ammonia t h r o u g h v o l a t i l i z a t i o n . To avoid such loss.it may be
preferred that an i r r i g a t i o n follow the a p p l i c a t i o n of urea so that it may
l e a c h i n t o c e r t a i n d e p t h s of s o i l p r i o r to its h y d r o l y s i s * 2 * . A f l o o d fertigation of urea at the knee-high stage may be a suitable practice for
this purpose and also for its c o n n v e n i e n c e . An optimum depth of f l o o d fertigation must be favourable for the nitrogen applied to be leached to a
favourable depth in the soil and eventually to be absorbed by the plant
without causing pollution of the g r o u n d w a t e r .
M a t e r i a l s and M e t h o d s . Five atom % 1 5 N-urea was used to study both
t h e u p t a k e by c r o p a n d t h e r e s i d u a l N in s o i l of t h e u r e a - N f l o o d f e r t i g a t e d w i t h d i f f e r e n t d e p t h s of w a t e r ( i . e , 5 m m , 2 5 m m , 5 0 m m a n d
100mm) at the knee-high stage in the no-till corn field.
The rate of N applied was 70 kg/ha.A double flame was used to floodfertigate the corn plant.In the subplot surrounded by the inner flame,the
15
N-urea together with the a f o r e - m e n t i o n e d depths of water was f l o o d f e r t i g a t e d , w h i l e in the p l o t b e t w e e n t h e o u t e r a n d i n n e r f l a m e s , t h e
ordinary urea together with the same depth of water as in the inner flame
was flood-fertigated. The plant uptake of the labelled nitrogen as well as
the distribution of the residual 15 N in the soil profile and the total nitrogen
b a l a n c e in the p l a n t s o i l s y s t e m were s t u d i e d .
R e s u l t s and D i s c u s s i o n s . The percentage uptake of the urea-N differed
s i g n i f i c a n t l y between the depths of water flooded and also between the
locations.
At the locations of Wu-feng, where the permeability of soil is classified
as low to moderate,the uptake was the highest with the least amount of
water (i.e.,5mm) added. The uptake reduced significantly in accordance
with the i n c r e a s e in the depth of water f l o o d e d and was the least w i t h
1 0 0 m m f l o o d i n g . T h e r e d u c t i o n p e r h a p s w a s r e l a t e d to t h e m o r e
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Table: Percent uptake at harvest of the tagged urea nitrogen as
influenced by the depths of flood-fertigation at the knee-high stage
Location

Wu-feng

water(mm)
flood-fertigtion

plant uptake'1)
%

5
50
100

33.0 ±5.0
23.8±2.5
14.1 ±1.1

Hsueh-chia 1

5
25
50

7.4±0.7
33.7±5.7
38.0 ±0.2

Hsueh-chia 2

5
50
100

7.0±5.7
34.8 ±6.1
38.4 ±5.9

1) Mean of two replications with standard error
d e n i t r i f i c a t i o n p r e v a l e n t in t h e s o i l w i t h g r e a t e r d e p t h s of f l o o d fertigation.
At t h e l o c a t i o n s of H s u e h - c h i a , w h e r e t h e p e r m e a b i l i t y of s o i l is
c l a s s i f i e d as moderate to well,the uptake was the lowest with the least
amount of water f l o o d e d . The loss of nitrogen t h r o u g h v o l a t i l i z i o n was
e x p e c t e d to be h i g h in t h e s e s o i l s of h i g h e r p H , p a r t i c u l a r l y with t h e
surface application of urea. At these locations, the uptake was the highest
with the 50-100mm flooding,as the urea applied was leached into the subsurface layers of soils and the loss of nitrogen through volatization could
be avoided. Denitrification is not prevalent in these soils due to the better
aeration in these s o i l s . The flood-fertigation with 100mm, however, was
f o u n d a p t to c o n t a m i n a t e g r o w n d w a t e r w i t h n i t r a t e , as b o t h t h e
d i s t r i b u t i o n of t h e r e s i d u a l 1 5 N i n t h e s o i l p r o f i l e a n d t h e t o t a l
balance of the nitrogen a p p l i e d r e v e a l s u c h e v i d e n c e s .
Literature Cited
(1) L i a n . S . 1 9 9 3 . Fate of n i t r o g e n a p p l i e d to corn u n d e r the r i c e c o r n s y s t e m . J o u r of t h e C h i n e s e A g r i c u l t u r a l C h e m i c a l
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Improved Practices for Sustainable Agriculture on
Rainfed Vertisol of Semi-arid Tropics of India
S.S. Tomar*, S.K. Sharma, G.P. Tembe. Department of Soil Science, J.N.
Agricultural University, Jabalpur, 482004, Madhya Pradesh, India
Introduction. In India the potentiality of swell-shrink soils (about 72 m ha) which because of
their high clay content, nature of clay, problems of surface drainage, difficulty in tillage
operations, poor intake rate and nutrient deficiency remains largely under exploited (1 and 2).
The main management problem of swell shrink soil in the rainfed farming condition is that on
drying these shrink, making hard cracks and on wetting these swell becoming sticky, making the
farm operations difficult, with the result that most often these soils are left fallow (18 m ha in
India and 12 m ha in Madhya Pradesh state) during the rainy season and cropped during post rainy
season on profile stored moisture(2). Thus crops are raised on conserved soil moisture and much
of rain water lost through run-off and evaporation during the rainy season. In fact one of the
reasons of low productivity and instability in rainfed vertisols of India is the lack of
scientific management of these soils.
To solve the above problems a long term field experimentation was carried out with a view to
establish the land configuration requirement for upland crops, so that an adequate drainage is
provided to the root-zone, moisture regime is stabilized during rainy season cropping, excess runoff water is channelized to a farm pond to provide supplemental irrigation during post rainy
season cropping.
Materials and Methods. A field experimentation was carried out from 1979 to 1992 at experimental
station, Jawaharlal Nehru Agricultural University, Jabalpur, Madhya Pradesh, India. The soil has
been classified under Vertisol (deep, fine textured, montmorillonitic family of typicchromusterts) having uniform clay content (56-60 per cent). Moisture retention on volume basis at
1/3 and 15 bar suctions are 36 and 18 per cent, respectively. The rainfall mainly concentrated in
four rainy season months from mid June to mid October and ranging from 1200-1500 mm per year with
frequent draughts after four or five years.
The system consist of alternate Raised and Bunken beds of six, nine, twelve and fifteen metre wide
raised beds with elivation diference of 30-35 cm running in parallel of sunken beds of six metre
width. During first year all the plots of sunken beds were fertilized with FYM to build up the
fertility of exposed sub-soil. Early duration varieties of soybean (Glycine max). Black gram
(Phaseolus munqo Roxb.), Sesamum (Sesamum indicum L.) and Pigeonpea (Cajanus cajan L. Millsp.)
were grown on raised beds and paddy (Oriza saliva) in sunken beds in different seasons.
Immediately after harvest of rainy season crops, post rainy season crops viz, safflower (Carthamus
tinctorius L.), bengal gram (Cicer arietinum L.) and Linseed (Linum usitatissimum L.) were grown
in sunken beds using all the recommended practices.
Results and Discussion. The data presented in Table 1 indicate that highest seed yield of soybean,
black gram, sesamum and pigeonpea was recorded on 6 metre wide raised bed followed by 9 metre
raised bed and minimum in flat plots. The significant increase in grain yield of crops of 6 metre
wide raised bed was mainly due to better surface drainage and hence better soil aeration
conditions as was reflected in soil moisture content, water table and soil moisture tension
data. As the rains ceases during the la|er gro||th period,the crops of raised beds did not
suffer due to soil moisture stress because favourable moisture regime was maintained through
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lateral movement of water from adjoining sunken beds to raised beds. Pigeonpea and sesamum
responded more to surface drainage than soybean and black qram. The average yield o| paddy in
sunken beds was 2616 kg ha||which is good yield under rainfed conditions.
Run-off water from these experiments was channelized through grass water ways and collected in a
farm pond (100 m x 33 m x 1.8 m) of capacity of 59 ha cm and recycled for further use either for
rainy season crops in case of prolonged dry spell or for successful growing of rabi crops
if rains ceases earlier.
Economics of raised-sunkenbed system revealed that net profit earned from a soybean crop grown
on 0. 5 ha land is Rs.5000/-(Rs.l0000 per ha) from paddy grown on 0.5 ha, Rs.1000/- (Rs.2000
per ha) and from bengalgram grown on the whole area (one ha) is Rs.7800 per ha. Thus the
total income of the farmer under normal waather condition works out to be Rs. 13800 per year
against Rs: 5000-6000 per ha under monocropped system. After deducting the interest (on
Rs.6000/- spent on land shaping Rs,960/-) one still makes Rs. 12840 per ha. Thus the raised
sunken beds system provides the fair amount of stability to rainy season crop production
and hence to the income of the farmers of the black soil region of Central India.
Literature Cited.
(1) Tornar, S.S. anD Tembe, G.P. 1988. Land and water management practices for improving
productivity of swell-shrink soils of Semi-arid Tropics of India. Transactions International
Workshop on Swell-Shrink soils held at NBSS & LUP, Nagpur, India from Oct.24-28, 1988. pp. 171173.
(2) Verma, G.P. 1988. Land and water management for crop production on rainfed vertisols and
associated soils, Transactions International Workshop on Swell-Shrink Soils held at NBSS & LUP,
Nagpur, India from Oct.24-28, 1988, pp. 153-163.
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Impact of Surface Scraping on Soil Properties
S.R. Vieira*, S.C.F. Dechen, J.R.F. Lucarelli, and A. Cavalieri, Institute)
Agronömico, Se0o de Conservagdo do Solo, Caixa Postal 28, 13001-970,
Campinas, SP, Brazil
Introduction. The loss of productivity potencial for tropical soils due to water erosion is not
yet fully known and understood. Soils having high textural changes within the profile have been
a big challenge to soil conservacionists because of their high erodibility. In the State of Sao
Paulo, the podzolic soils of this class represent 49% of the total area. There are indications of
large extentions of these areas in rapid degradation rate, which include loss of productivity,
decrease in livestock population density, and sediment deposition on rivers and dams. It is the
oficial research's mandate to provide information quickly on both how to prevent water erosion
and how to reclaim degraded soils in order to keep food production to match the demand.
Material and Methods. A scraping experiment was stablished on a Red Yellow Podzolic at
Mococa, SP, Brazil, with the objective of assessing the impact of the top soil removal on soil
properties. THe scraping experimental was designed following the recommendation given in
Stocking (1985). Before the scraping operation, a 5 meters by 10 meters grid was laid on an area
of 20 meters wide by 50 meters long, corresponding to 30 sampling points. The sampling area
has 5% slope in the direction of the width. Each of these points were sampled at the depths of
0-10, 10-20, 20-40 and 40-60 cm for: soil fertility, soil desorption curve with a 100 cm3 rings,
and saturated hydraulic conductivity with the Guelph Permeameter. Base saturation percentage
and saturated hydraulic conductivity values were used to quickly assess the depth and direction
of the scraping. After scraping of 20 cm top soil of half of the field lengthwise, two grids of
2 meters by 4 meters were laid on each of the scraped and unscraped areas with 25 points each,
for sampling of soil fertility at the same 4 depths as above. Data were analysed using
geostatistical tools such as the semivariogram to assess spatial variability and kriging of soil
properties in order to construct tridimensional maps, according to Vieira et al. (1983). Follow
up sampling for base saturation percentage and saturated hydraulic conductivity will be done
every year during the reclamation of the degraded soil.
Results and Discussion. The semivariograms analysed showed a good spatial autocorrelation
for the parameters under study. Spherical models with 8-10 meter correlation range were
adjusted to the experimental semivariograms. Thus, tridimensional maps for the base saturation
percentage and saturated hydrauli conductivity could be constructed in order to guide the depth
and direction of scraping. It can be seen clearly that the top 20 cm of soil constitutes a very
important pool of soil nutrients and organic matter. The effect of the soil organic matter
on soil structure and its consequences on the saturated hydraulic conductivity, is very noticeable.
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There is a significant decrease of saturated hydraulic conductivity with depth as a result of both,
the horizon stratification of this soil, and the decrease in organic matter and/or soil structure.
The results of the soil fertility analysis after the scraping of the 20 cm to top soil
layer lengthwise show that this represents a very severe erosion, leaving a degraded soil as a
result. This was verified by planting a corn crop in the entire area (scraped and unscraped)
without fertilizer addition. At the scraped soil, the corn crop did not grow past 10 cm high. The
soil reclamation constitutes the next phase of the experiment, which is under way.
Literature Cited.
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Effects of Simulated Erosion and Organic Fertiization on Soil
Productivity Using a Beet Crop as Indicator
N. Fernéndez, and Y. Arismendi. UCV. Agronomy Institute, Agronomy
Faculty. Maracay, Venezuela.
It is well known that soil productivity is influenced by
erosion) however, it is necessary to quantify its effects on
different physical environments and systems due to their
varying response potential. This topic has received much
research attention; namely, Allmaras et al.(1985) and Lai
(1985) indicated that soil profile characterists play a very
important role in soil productivity. Lai (1985) has reported
that corn yield decreased as the size of the soil layer removed increased, and that with fertilization a recovery of
productivity occurred. Similar results were obtained
by
Sparovek el al.(1991) in Piracicaba, Brasil.
Materials and Methods
In response to this idea, an Experiment was carried out in an
Aquic paleudult soil of an horticultural area of the Central
Region of Venezuela. The aims of the investigation included a
qualitative
evaluation
of
the
superficial
substrate
originated from three levels of removal, SI(0-10), 32(10-20)
and S3(20-30) cm and the application of two organic fertilizers: chicken manure (M) and coffee pulp (CP) on yield a beet
croo(Beta vulaaris L.). Previously dried and sifted, organic
fertilizers were incorporated on the first 10 cm of each
substrate and placed in plastic containers. The dosage
employed was equivalent to 0, 5, 10 and 15 Mg/ha; zero was
the control. Seven treatments per substrate were obtained. A
completely randomized desing with three replications and two
containers per experimental unit, each with one plant, was
used. Post-harvest evaluations of certain physical characteristics and yield components were performed for the different
soil mixtures plus substrate and for the control (To).
Results and Discussion
Results indicate that organic fertilizers show a trend towars improving bulk density, total porosity,, rupture module
and hydraulic conductivity.
Yield
results
by itself
showed
highly
significant
differences betwen substrates( Figure 1) , and soil removal,
without considering type of organic fertilizer on
applied dose , reduced
yield in 28.9 and 31.3 X for
substrates S2 and 83, respectively. In the
same way,
chicken manure was the best organic fertilizer producing a
97 X increase in yield, and coffee pulp produced a 40X
increase in comparison with the control. Dose results showed
a 92X increase in production for the 10 Mg/ha level.
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Soil Simulated Erosion and Fertilizer Application
Effects on Soil Productivity and corn yields.
Emiro Flores*, and N. Fernandez. Programa de Conservacion Sierra San
Luis Edo. Falcon, Fusagri Venezuela.
v
Introduction. Topsoil losses by water erosion have reduced crop
yield and soil productivity capacity (1, 3 ) . In Venezuela
specially in the Yaracuy state, the soil erosion is one of the
principal cause of reduction of both crop yield and soil
productivity (2) . The objetive of this work is to determine the
loss of soil productivity induced for topsoil removal and it's
restoration using, organic and inorganic fertilizer application
crop corn yield.
Materials and Methods. The experimental test were carried on a
soil (oxic-haplustalf, fine loam, no acid, isohyperthermic),
located in the maize zone of Yaracuy River (Venezuela). Soil was
mechanically removed using a small paddle scraper of 0%, 50% and
100% depths, taking as the lowest level the upper limit of the
argilic horizont. The fertilizer treatments were to: (Ti) no
fertilizer; (T,) Kid manure 5 Mg ha - 1 ; (T-,) Kid manure 2,5
Mg
ha •"• and mineral fertilizer 60 + 45 Kg ha x of N and P
respectively; (T4) slowness (first froth on sugarcane frice when
boiled) 15 Mg ha - 1 ; (Tc) slowness 7,5 Mg h a - 1 and mineral
fertilizer 60 + 45 Kg h~ r of N and P respectively, (Tg) mineral
fertilizer 120 + 90 Kg h a - 1 of N and P respectively. The
experiment desing was divided fringes, the harvested area was 8,1
m 2 . Analysis of variance and least significant differences (LSD)
were determined at the 0,05 level using SAS 1987.
Results and discussion. Corn grain yields were not significantly
different among the three removal classes, howere, towards the
levels of 50-100%. It was a yield decrease of 6 and 30%
respectively (Fig. 1) . These results are similars to on essay
done by (4). Organic and inorganic fertilizer addition, presented
significantly different at 0,05 level, in a decreasing order by
treatments: T 6 >T 3 >T 5 >T 2 >T 1 >T 4 (Fig. 2) . These results are a one
year treatment, but we conclude that these fertilizers, improve
the soil's lost productivity capacity produce a little.
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Conservation of Water and Micronutrients in Ricewheat
Cropping System Through Tillage
R.B. Sharma and R. Pandey. Dept. of Soil Science, Rajendra Agricultural
University, Bihar Pusa-848 125, India
SUMMARY
Four different tillage practices imposed in rice-wheat cropping seasons in that sequence as zero
till-zerotill , Conventional- conventional, semideep-semideep and conventional-zerotill were
evaluated soil a Pusa, India for water and nutrient conservation and grain yield crops.
Results revelated that in rice, semideep tillage reduced infiltrationrate and hydraulic
conductivity resulting thereby in significantly (p<0.05) lower water loss of 0.5 mm h" compared
to 0.7 and 1.0 mm h , respectively under conventionals and zerotill plots.
Consequently, rce water requirements under semideep tillage were reduced by about 32 cm without
adversely affecting the grain yield level of 3.6 Mg ha" . This saving in water was equivalent to 5
irrigations each of 6 cm edpth. In subsequent wheat crop however, water expense was not affected
by tillage practices and the grain yields under semideep and conventional tillage were at pa, with
the zerotill plots showing the lowest yield. Uptake of four micronutrients viz., Fe, Cu, Zn andMn
by the weeds of rice and wheat crops was also affected significantly (p<0.05) due to tillage
practices and was observed to be highest for zerotill plots and lowest dor semideep tilled plots.
This semideep tillage conserved micronutrients for crop use to the greatest extent.
Considering the results in their entirety, semideep tillage for rice followed by conventional
tillage for wheat appears to be the appropiate tillage practice for sub-Tropic calcareous sandy
loams.
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Moisture Conservation And Carry-Over Through
Mulching Previous Of Wild Shrubs For Rainfed Wheat.
C.L. Achaya*, O.C. Kapur, and S.P. Dixit. Department of Soil Science
H.P. Agricultural University, Palampur (H.P), India.
Introduction. In hills of Himachal Pradesh (lying between 32 22' and 33° 12' N latitude and
75°45' and 79°04' E longitude) and elsewhere in the mountainous regions, sowing of rainfed
wheat is considerably delayed for want of timely rains during October to mid-December. Farmers
practice ploughing of fields inmediately after harvest of maize to conserve the residual moisture
but at sowing of wheat it is rarely optimum resulting in poor germination and low yields. After
recession of monsoon in early September, however, the soil profile is wet and conservation and
carry-over of this moisture in the seed zone may help timely sowing of wheat and have optimum
yields as later the winter rains are sufficient. This can be achieved if mulch of wild growing
shrubs lie wild sage (Lantana camara L.) or eupatorium {Eupatorium adenophorum L.) is
applied in previous standing maize at recede of rains. These shrubs are widely growing in hills
and cause menace in common, grass and forest lands.
Materiales and Methods. A 3 years field study from 1989 to 1992 was conducted on a silty
clay loam (Alfisol, Typic Hapludalf) at Palampur (1290m above mean sea level and receiving
about 2000 mm monsoon rains from mid-June to mid-September) to conserve and carry-over
moisture in-situ for sowing of rainfed wheat. The treatments included (i) mulching previous
standing maize with wild sage {Lantana camara L.) and its incroporation at sowing of wheat, (ii)
same as (i) but sowing of wheat with minimum tillage and mulch, (iii) same as (i) with eupatorium
{Eupatorium adenophorum L.), (iv) same as (ii) with eupatorium, and (v) farmers practice of
tillage after harvest of maize. Two nitrogen levels of 60 and 120 Kg N ha-1 were combined in a 3
times replicated randomized block design.
Results and Discussion. Depending upon the time of withdrawl of rains, the moisture content in
the seed-zone depth at sowing of wheat during 3 years sutdy ranged between 0.20 to 0.30 m3/m3
in the practice of mulching previous standing maize with wild shrubs and 0.10 to 0.18 m3/m3 in
the farmers practice of tillage after harvest of maize. The wheat grain yield, with 120 kg N ha-1
and recomemmended P and K, increased by 45 to 112% in the farmer compared with the latter
treatment (Table 1). The grain yield further increased by 3 to 12% when wheat was sown by
minimum tillage and instead of incorporating, the residue at sowing was allowed to remain on the
surface as mulch. This was attributed to minimum exposure to the conserved moisture at sowing
and favourable moderation of hydro-thermal regime and root growth during crop cycle. This not
only conserved moisture and fertilizer N and increased their use efficiency but also saved labour
input as no elaborate tillage was required in this practice.
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Table 1. Grain yield (Mg ha-1) of rainfed wheat.
Treatment

1989-90*

1990-91**

1991-92***

Moisture conservation by
R60"
2.81
3~4U
2.27
lantana mulch in standing
maize
4.29
N120
3.27
2.171
-do-+minimum tillage for
4.12
N60
3.10
2.53
wheat with mulch
2.94
N120
3.38
4.27
In-situ moisture
3.50
N60
2.63
1.85
conservation by eupatorium
3.04
4.02
2.33
N120
mulch in standing maize
-do- +minimun tillage
N60
2.84
4.05
2.25
for wheat whit mulch
2.62
3.14
4.29
N120
Farmers practice of tillage
1.53
2.23
1.23
N60
after harvest of maize
2.27
1.28
N120
1.83
CD(5%)
0.266
0.245
0.347
* Sown on November 11; 5 rains of 69.5mm in November and 5 rains of 114mm
in December.
** Sown on October 3 1 ; 3.4mm rain in November and 7 rains of 262mm in
December.
*** Sown on October 3 1 ; No rain in November but 24 mm of rain 52 days after
sowing and 3 more rains of 18.4mm in December.
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Aplicación de Practicas de Producción y Conservación en el
Sureste de México. Caso Centro de Veracruz y ZanapaTonala, Tabasco.
J. A. Casillas y P. Rivera. Coord. Tecnologia de Riego y Drenaje, Institute
Mexicano de Tecnologia del Agua, Paseo Cuauhnahuac 8532, 62550 Jiutepec,
Mor., México.
Introducción. La creciente incorporación de suelos del Trópico a la agricultura o a la ganaderia
sin un manejo adecuado provoca un desequilibrio en el ecosistema natural, fragil por naturaleza,
que puede ser irreversible o muy dificil de recuperar, ya que al perturbarse el entorno natural,
el suelo se vuelve mas susceptible a la erosion y es frecuente que el horizonte superficial se
pierda, provocando cambios severos en el medio ambiente(l).
La erosión hidrica es el factor mas importante en la degradación de las zonas tropicales ya que
reduce el potencial productivo de los terrenos y es de esperarse que aün aplicando tecnologias
adecuadas para la producción agropecuaria y forestal, se tenga un abatimiento en la
productividad hasta, en algunos casos, volverse los suelos improductivos(2).
En el Instituto Mexicano de Tecnologia del Agua (IMTA) se desarrolló una metodologïa de
planeación que ha permitido aprovechar racionalmente los recursos al involucrar en forma
directa y consciente a los usuarios de los mismos. Esta metodologïa ha permitido establecer
acciones que impulsan la transferencia y aplicación de tecnologia conservacionista y ha sido
probada por mas de 10 anos en el ambito de los proyectos del Programa de Desarrolló Rural
Integral del Trópico Hümedo (PRODERITH) como es el caso especifico de los proyectos Centro
de Veracruz y Zanapa-Tonala, Tabasco.
Metodologïa. Para llevar a cabo la aplicación de practicas de producción y conservación se
consideró lo siguiente: Identificando que en el proyecto Centro de Veracruz la principal
problematica se presenta en la superficie cultivada con cultivos anuales y de escarda en terrenos
de ladera o en suelos con aptitud no agricola, asi como por el uso de las practicas de laboreo
tradicional las cuales no consideran el impacto negativo en el suelo; en Zanapa-Tonala el
problema se presenta en la sabana de Huimanguillo en las plantaciones de citricos por
desconocimiento de manejo adecuado del suelo al hacer un laboreo excesivo y hacer un control
de malezas por medio de rastreos en areas con pendientes may ores del 4.0%.
La metodologïa empleada para llevar a cabo el trabajo fue:
- Definición y selección de productores cooperantes en coordinación con personal técnico local
de la SARH, CNA, INIFAP y FIRCO.
- Presentación de los objetivos de trabajo y concertación de actividades con los productores
cooperantes.
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- Identificación de objetivos y problematica de los productores; asi como el inventario y analisis
de los recursos a nivel de unidad de producción, para conocer los sistemas de manejo utilizados
en forma tradicional y el grado de degradación de los recursos, con la finalidad de definir la
tecnologïa conservacionista a aplicar.
- Presentación de las opciones de manejo productivo conservacionista a los productores.
- Analisis y toma de decisiones sobre la tecnologïa a establecer de parte de los productores.
- Ejecución y aplicación de la tecnologïa productivo conservacionista.
- Asesorïa técnica y seguimiento.
Resultados.
a) Inventario de suelos.
Para proponer las mejores alternativas de manejo conservacionista se caracterizó el recurso
suelo: Para Zanapa-Tonala, se identificaron cinco series: Huapacal, Tres bocas, Rosario, Ignacio
Gutierrez y Mina. Las primeras cuatro se clasifican como Plintic palehumult por el Soil
Taxonomy y como Gleysol Hümico en el sistema FAO/UNESCO y la Mina como Umbric
paleaquult en el Soil Taxonomy y como Gleysol Hümico en FAO/UNESCO. En Centro de
Veracruz se identificaron 3 series: Dos Lomas, Jamapa y Las Puertas, se clasifican las dos
primeras por el Soil Taxonomy como Lithic haploxeralfs y la otra como Typic haplaquolls.
b) Aplicación de tecnologïa conservacionista de agua v suelo.
En el proyecto Centro de Veracruz se aplicó tecnologïa conservacionista en 2773 ha destacando
por su importancia las siguientes practicas: surcado el contorno, labranza de conservacion
(minima y cero), represas para el control de azolves e incorporación de residuos de cultivo y
definición de sistemas apropiadas de pastoreo.
En el proyecto Zanapa-Tonala se aplicó tecnologïa conservacionista en 2234 ha dentro de la zona
citricola de la sabana de Huimanguillo donde destacan las practicas de cïtricos al contorno,
sustitución de rastreo por chapeos para control de malezas, establecimiento de cultivos de
cobertera, encalado, arar con cinceles y subsolear, drenaje parcelario y establecimiento de
cortinas rompevientos.
Conclusion. Es necesario seguir promoviendo, ejecutando e incrementando acciones que
permitan lograr la conservacion de los recursos naturales, en especial del suelo y agua, y lograr
la sostenibilidad de la producción.
Literatura citada.
(1) Sanchez, D. et. al. 1991. Proyectos de investigación y validación para la Sabana de
Huimanguillo (Zanapa-Tonala) y Region de La Sierra. SARH. CIFAP-TAB. Campo
Experimental Forestal y Agropecuario Huimanguillo. Mimeografiado. 215 pag.
(2) Uresti, J. et. al. 1991. Desarrollo y evaluación de practicas agroforestales y labranza
reducida para conservar suelo y agua. En: Proyectos de Investigación del CIFAP-VER. SARH.
INIFAP. Centro de Investigaciones Forestales y Agropecuarias de Veracruz. Mimeografiado.
199 pag.
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Riego Eficiente y la Labranza de
Conservacion en una Rotación Trigo-Sorgo
para Guanajuato, México.
J. M. Angeles H. y L Rendon P. Instituto Mexicano de Tecnologia del
Agua, Paseo Cuauhnahuac No. 8532, Jiutepec, Mor. 62550. México.
Summary. The investigation for this project took place in the
Irrigation District 085, "La Begofia", Guanajuato, México. This
District has a severe water table downdraft, therefore, it is
necessary to train the farmers in the field, to be more efficient
with their irrigation methods. There were two fields used for this
project; parcel one (test field) was seeded to wheat, was irrigated
as required. The border irrigation design was done using a computer
program (RIMEL). After the wheat harvest, sorghum was planted using
reduced tillage. The second parcel (check), was planted using the
same traditional method in design, irrigation and tillage. At the
end of the investigation, the results were a savings of 70 cm. of
water for the rotation
of the test field, maintaining similar
yields as the check parcel.
Introducción. La agricultura de riego del Estado de Guanajuato en
México, tiene problemas de sobreexplotación del acuifero, por la
extracción de grandes volumenes de agua de riego. Por otro lado, la
rotación de cultivos trigo-sorgo ha pérdido atractivo por el alto
costo de los insumos. Ante esta problematica se plantea por un lado
disminuir las laminas de riego mediante la tecnificación del riego
por gravedad y por el otro abatir los costos de producción haciendo
eficiente la labranza.
La tecnificación del riego por gravedad en la parcela consiste en
nivelar el terreno y realizar el disefio del riego para garantizar
una aplicación uniforme de la lamina de riego. Rendon, et al
desarrollaron una metodologia de disefio del riego por melgas (1),
que permite seleccionar las dimensiones óptimas de la melga dado un
cierto gasto. Sin embargo, los costos de producción son mayores con
riego tecnificado; debido al empareje del terreno. Por lo tanto,
para mantener al menos los mismos costos de producción, es
necesario disminuir éstos en algün otro concepto dentro del proceso
de producción agricola. Ante esta situación, el Banco de México
(FIRA) ha venido evaluando un sistema de labranza de conservación,
mediante el cual se eliminan los costos de preparación del terreno,
manteniendo los mismos rendimientos de los cultivos (2).
Materiales y Métodos. El presente trabajo se desarrollo en una
parcela de 3.2 ha del Distrito de Riego 085, Gto., México. La
metodologia consistió en caracterizar el suelo, emparejar el
terreno, sembrar el trigo y disefiar el riego por melgas con ayuda
de un programa de computadora "RIMEL", que resuelve el modelo
hidrológico y utiliza una ecuación de infiltración con parametros
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fisicos. El calendario de riegos para el trigo fue de 0-45-75-100
dias. Después de la cosecha del trigo, se sembró el sorgo, sin
barbechar y sin pasar la rastra por el terreno, se aplicaron dos
riegos iniciales y el agua faltante se repuso aprovechando la
precipitación pluvial. En una parcela testigo de 4.5 ha manejada
por el mismo productor, se sembró el trigo y después de la cosecha,
previo a la siembra del sorgo se barbecho y se rastreó; aplicando
los riegos y las labores de cultivo de manera tradicional.
Resultados y Discusión. El suelo es de textura arcillosa: 38 % de
arcilla, 32 % de limo y 30 % de arena. Para el disefio de las
melgas, se consideró un gasto de riego de 60 litros por segundo;
obteniéndose melgas de 157.6 metros de longitud por 20 metros de
ancho, con una pendiente en sentido del riego del 0.12 %. En el
siguiente cuadro se presenta la información obtenida tanto en la
parcela demostrativa (riego tecnificado y labranza de conservación)
como en la parcela con manejo tradicional (testigo).

DEMOSTRATIVA
C O N C E P T O

Trigo

Lamina de riego (cm)
Lamina riego total

Eficiencia aplicación
Costos produccion
Rendimiento

(%)

(N$/ha)

(ton/ha)

Valor produccion

Sorgo

Trigo

27

96

48.5

(cm)

(N $/ha)

PARCELA TESTIGO
Sorgo
48

75.5

144

78.2

42.3

2,199

1,489

2,004

1,612

7.9

8.0

7.7

7.6

4,740

3,040

4,620

2,888

2.1

Beneficio/Costo

2.1

En la parcela demostrativa, la lamina de riego para la rotación
trigo-sorgo fue de 75.5 cm y en la testigo de 144 cm. Los
rendimientos de trigo y sorgo fueron de 7.9 y 8.0 ton/ha para la
demostrativa y de 7.7 y 7.6 ton/ha para la parcela testigo. Los
costos de produccion para el cultivo del sorgo se disminuyeron con
el sistema de labranza de conservación. El analisis económico para
la rotación trigo-sorgo, muestra que la relación beneficio/costo
fue 2.1. Sin embargo, esta relación podria ser mayor en la parcela
con riego tecnificado si el Distrito de riego 085, cobrara el agua
por volumen y no por hectarea riego como se hace actualmente.
Literatura Citada.
(1) Rendon' P. L; Fuentes R. C; Calvo G. L. R. y Acosta H. R. 1990
A hidrologic model for designing border irrigation. Proceedings
of the 1990 National Conference of Irrigation and Drainage
Engineering. ASCE. Durango, Colorado, U.S.A.
(2) Gonzalez Dominguez J. L. 1991. Analisis económico de cultivos
en labranza de conservación. Banco de México (FIRA). Gto. México.
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Effect of Tillage Systems and Mulch Type
on Soil Temperature
H. Marelli*, B. Masiero, and J. Arce Agricultural
Station
INTA, (2580) Marcos Juarez.
Cba.
Argentina.

Sperimental

Introduction. Temperature is a property of the soil which
directly affects the growth of plants and influences indirectly
the structure, moisture and biological activity of the soil and
the decomposition of crop residues which is tied to the
availability of nutrients.
There is not much that can be done to influence soil temperature.
The most effective means to control temperature is with a cover
or mulch. In general, a cover of stubble and residues acts as an
insulator which regulates the entry and exit of heat and controls
a thermal behaviour characteristic of each soil and system of
tillage and influences the microenviroment of the crops. When the
solar energy arrives at the soil surface, a part is absorbed and
the rest is reflected, especially by the vegetative cover. The
more light-colored the residue is, the more energy will be
reflected. In addition, since the residues are poor conductors of
heat, only a part of the energy absorbed is transmitted to the
soil.
The bibliography often mentions corn (Zea maize) as the crop that
can be affected in its early stages of growth by low soil
temperatures, specially under no tillage.
Materials and Methods.The measurements were performed with a
Thermograph "Grant" (Cambridge Instruments, Cambridge. England)
with a temperature range of from -10 to 40 °C. The work was done
in the Experiment Station of Marcos Juarez. Cordoba, Argentina in
a tillage experiment with the rotations corn-corn and corsoybeans. The soil belongs to the series Marcos Juarez (Class I
without limitations) . It is a typic Argiudol with silt loam
texture.
Three contiguous plots were used which represent the following
sequences of Corn:
CT/CS Corn - Soybeans under Conventional tillage.
NT/CS Corn - Soybeans under no tillage.
NT/CC Corn - Corn under no tillage.
Thirteen terminals were installed in the soil and one left in the
air and hourly measurements were taken for 264 hours (11 days)
beginning at the time of corn planting.
Average percent cover where the terminals were located was:
CT/CS
0%
NT/CS
60%
NT/CC
50%
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Results and Discussion.From the pattern of daily temperature
variation in the soil, it can be deduced that the treatment CT/CS
shows higher average temperatures. In the no-tillage systems, the
soil covered with corn residues showed slightly higher average
temperatures compared to the soil with soybean residues.
The amplitudes of treatments NT/MM and CT/MS were similar (11.3)
and 10.9°C, respectively). It is worth mentioning that the
greatest
differences
between
treatments
ocurred
at
maximun
temperatures.
The data obtained from the 14 series of 264 temperature values
were modeled with
Fourier
functions
and
reduced
to
three
variables:
mean
temperature,
daily
semiamplitude
and
semiamplitude in the total cycle of 11 days. (Semi amplitude
refers to half the thermal amplitude above and below the mean for
the period, in question, whether it be in the 11 day cycle or
during one day )
Significant differences in the three variables were detected
between treatments. The average temperatures of soils under no
tillage show no significant differences between residues of Corn
and Soybeans. Mean differences were shown between CT and NT, the
values of which were 18.39 and 17.53 C C, respectively in the 11
days following corn planting. This temperature difference added
to surface compaction of the soil between rows may account for a
slower development of corn seedings in NT, which could be
observed, visually.
Conclusions. The greatest temperatures differences between the
conventional and no tillage systems were produced at maximum
temperature values.
The mean temperatures in the conventional system were higher than
those in the no tillage system with either corn or soybean
residue.
The daily thermal amplitude in no-tillage corn-soybeans is less
than that of corn-corn.
The thermal behavior of the air for the period considered was
representative of the season of the year.
Literatura Citada. 1) R. ALLMARAS, G. LANGDALE, P. UNGER, R.
DOWDY, and D. VAN DOREN, 1991. Adoption of conservation tillage
and
associated
-planting
systems.
Soil
Management
for
Sustainability. Soil & Water Coserva. Society. 53 - 79.
2) D. GRIFFITH, J. MANNERING, and W. MOLDENAUER, W. 1977.
Conservation tillage in the eastern corn belt. Journal of S. & W.
Cons. 32: 20 - 28.
3) H. MARELLI, B. MASIERO y A. LATTANZI, 1981. La temperatura del
suelo y su realción con los sistemas de labranza. Inf. Esp. N°
14. Serie: Suelos y Agrocl. INTA - EEA Marcos Juarez.
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Effects of Tillage, Weed Control Methods and Row
Spacing on Grain Sorghum Yield and Certain Soil
Properties
Udai R. Bishnoi* and David A. Mays. Department
Soil Science, Alabama
A&M University,
Normal,
U.S.A.

of Plant and
AL
35762,

Introduction. The yield of corn in semi-arid regions and in the southeastern region of the
United States is often severely depressed by recurring mid-summer drought. Grain sorghum
can substitute for corn as a full season crop and replace soybeans for double cropping with
wheat or clover (used as forage crop) in the southeastern United States. Use of sorghum in
rotations is also reported to be effective in lessening disease and nematode infestations in
double cropping systems. Previous research has established that no-till double cropping
systems have certain advantages. Langdale et al. (1984) studied residue management in double
cropping conservation tillage systems and found that conservation or no-tillage (NT)
significantly increased vield of grain sorghum when compared to conventional tillage (CT)
systems. Sanford et al. (1973) studied double cropping systems involving no-till and
conventional tillage and found that there were differences in time of emergence and in plant
height because of soil moisture differences in the seed placement zone. In addition, Lai (1981)
summarized results from no-till studies conducted in the tropics and concluded that the use of
no-till causes the slower rate of water evaporation and increase efficiency of water use in crops
in comparison to conventional tillage systems. Limited research is available on the effects of
row spacing and weed control in no-till systems influencing crop yield and soil properties.
Witt (1984) studied the effect of herbicides on weeds in NT systems, and concluded that weed
problems can be reduced when either tillage or herbicides are used for weed control. There is
insufficient information on soybean and soil property responses to integrated cultural practices
such as row spacing and weed control methods in NT and CT systems. This study was
undertaken to determine the effects of tillage systems, row spacing and weed control methods
on grain sorghum yields and some soil properties.
Materials and Methods. Only limited research has been conducted to investigate the effects
of tillage, weed control methods, cover crops and row spacing on grain sorghum yield and soil
properties. Alabama A&M University and the Tennessee Valley Authority (TVA) cooperated
in these important investigations. The University was responsible for conducting replicated
plot studies while TVA planted and evaluated numerous large acreage farm demonstrations
using no-till techniques. The plot studies were designed to determine the effects of weed
control method and row spacing on no-till planted grain sorghum (Sorghum bicolor L. Moench
"G1516-BR") after wheat (Triticum aestivum L. "Coker 68-15") and crimson clover
(Triflolium incarnatum L. "Bigbee") grown for winter forage in comparison to sorghum
planted in conventionally tilled plots. The three row spacings were 45, 60 and 90 cm and the
three post-plant weed control methods were the use of herbicide (atrazine), hoeing and no
control. The experimental design was a split-split plot with five replications, using tillage
systems as the main plots, row spacings as subplots, and weed control methods as subsubplots, then each treatment were randomly assigned within replications. Each subplot was
comprised of four rows 7.5 m long and 1.8 m, 2.4 m and 3.6 m wide for the 45 cm, 60 cm
and 90 cm row spacings, respectively. The total number of weeds from lm^ area randomly
selected from each plot, were counted. To determine gravimetric soil moisture content, soil
samples were collected from the 0-15 cm depth from each plot. Soil samples were collected at
harvest to determine the organic matter (OM) and total nitrogen (N) content using the
techniques of Walkley and Black (1934) and Bremner and Mulvaney (1982), respectively.
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Grain sorghum was combine-harvested from each plot. The seeds were cleaned and the yields
were recorded (kg ha"1) at 12% moisture. Data were subjected to an analysis of variance
procedure appropriate for a split-split plot design using a data processing package of the
Statistical Analysis Systems Institute (SAS, 1982). The differences between treatment means
were tested with Tukey's mean separation test.
Results and discussion. Plots from no-till planted grain sorghum in sod of crimson clover
(6,132 kg/ha) or wheat sod (6,893 kg/ha) yielded considerably more grain than conventionally
planted (2,744 kg) sorghum. Grain sorghum produced significantly higher yields in 45 cm
rows (5,931 kg/ha) than in 60 (4,966 kg/ha) and 90 cm (3,873 kg/ha) row spacings in all three
planting methods. Atrazine used as a chemical weed control reduced weed population
significantly and produced significantly higher grain among all weed and tillage methods. A
total of 14 farm demonstrations, 2.5 to 4.0 ha in size were no-till planted in a variety of cover
crops and crop residues. In one trial, grain sorghum yield averaged 4,830 kg/ha and ranged
from 4,516 to 5,143 kg/ha with the range being from 3,700 to 8,153 kg/ha. In one instance,
where a comparison was possible no-till out yielded conventional tillage by 550 kg/ha. In
another 3 year trial sorghum was no-till planted into crimson clover already matured as a seed
crop. The clover for subsequent sorghum crops was thus re-established by natural reseeding at
no cost. This resulted in 12 month ground cover with no soil erosion and potentially provided
all the needed soil N for the sorghum crop. The sorghum yield in this series of trials averaged
about 5,000 kg/ha with the only inputs being seed and herbicide. Data on the soil properties
(from a depth of 0-15 cm) showed that moisture content (16.8%), organic matter content
(2.31%) and total soil nitrogen (0.14% were higher in NT plots than in conventional-till plots.
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Evaluation of Tillage systems for Maize Farming in the
Tojolabal Zone, in Chiapas, Mexico.
T. Castillo*, N. Estrella. Teaching, Research and Training Center for Regional
Agricultural Development. Colegio de Postgraduados. Puebla. Mexico.
Introduction. The State of Chiapas is among the main maize producers in Mexico. However,
productive potential is not evenly distributed regionwide although favorable agroecological conditions
are present for this basic product. This situation is mainly due to the presence of an extremely
complex socio-cultural diversity, so producersfromindigenous zones do not easily accept technological
innovation. On the other hand, federal and state funds allocated to the rural sector are insufficient,
constituting another limiting factor for production and productivity. In the Tojolabal Zone producers
burn stubble before preparing the land, thus inducing soil erosion and natural fertility degradation
(1). Another important aspect in this regard, is the amount of energy utilized by local farmers for
conventional maize production (2). Based on the above considerations, the objective of this paper is
to evaluate different tillage systems to propose a production system appropriate to the Tojolabal
Indigenous Group's ecological, socioeconomic and cultural conditions.
Materials and Methods. This field work is in its second consecutive year (92-93) and has been
carried out in the community of Yasha, Municipality of Las Margaritas, Chiapas, México. To perform
the evaluation, an experimental design was devised on the basis of separated and randomly distributed
parcels. For this experiment tillage systems were applied to large parcels; and optimal economic
treatments, recommended for dryland maize farming of limited and unlimited capital, were applied
to small parcels, traditional and test treatments. This refers to nitrogenous and phosphoric fertilization
levels and population density per Hectare. Sowing was performed on April 22nd and May 26th. The
variables evaluated for conventional,minimal and no tillage systems were: plants height, soil humidity
at three different depth levels, and grain yield. Also, local precipitation readings and crop related
observations were registered during each periodic visit to the experiment zone. At the cycle's end,
crop estimations were made, considering quantitative and qualitative variables to obtain commercial
grain yield (Ton/Ha) for economic and statistical purposes.
Results and Discussion. Data presented in Table 1, shows significative evidence that no tillage
produces better yield than conventional and minimal tillage by 0.60 and 0.81 Ton/Ha margin,
respectively. This is due to the greater soil humidity conservation through the vegetative cycle, which
in turn is explained by the behavior of the rainfall in the experimental zone. This phenomenon has
been favorable during 1992 in terms of amount and distribution, although some mild drought periods
have been present (Fig 1). In addition, existing soil types -vertisoles and luvisoles- and peaks in the
precipitation curve should be taken into account, because these soil types absorb enough humidity
for crop development; and this situation is even more evident when the practice of no tillage is
prevalent. It is clear that fertilizers directly effect plant height increments; however, available soil
humidity levels are even more important. This is because the induced facility to take advantage of
fertilizers, which in turn improves yields. The best treatment found was 120-6-50,000 (N, P and DP),
having achieved production levels of 2.31 Ton/Ha in conventional tillage and 3.43 Ton/Ha in no
tillage. Finally, the conclusions of this field work are the following:
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Table 1.

Maize grain yield (Ton/Ha) by tillage system and by treatment studied in the Tojolabal
Zone. 1992.
TILLAGE

TREATMENT

Conventional

Tl Test
T2 Traditional
T3 TOECI 120-60-40,000
T4TOECL 90-40-35,000

1.85
2.14
2.31
1.82

MEAN

2.13

Minimal

No Tillage

Mean

1.80
2.22
2.07
1.57

2.53
2.11
3.43
2.86

2.06
2.16
2.60
2.08

1.92

2.73

1) No tillage is an alternative for tojolabal farmers considering soil humidity restrictions in critical
harvesting periods. 2) Crop development is favorable when there are no soil movements. 3) Nitrogenous
and phosphoric fertilization significantly influence crop development if enough soil humidity is present.
Fig. 1. Soil humidity behavior (%) in different tillage systems and rainfall
(mm), in dryland maize farming in the Tojolabal Zone 1992.
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Effects of the Tillage on the Mechanics Resistance of
the soil and their incidence in the Cultivation of Corn
(Zea mays L.).
J. Lugo. Program

of Agronomy,

UNEFM. Coro, Falcon State,

Venezuela.

Introduction: In the areas for cereal production of Venezuela, the tillage under inadequate
humidity conditions, and the generalized use of harrow disks are producing soil structure
degradation, generating seat problems; crusting and compacting that in addition increase the
mechanical impediment to the root development, accelerate soil and nutrient losses by erosion
with the consequent decrease of the production and productivity (4). The fundamental objective
of the present study, was to evaluate the effects that different tillage practices produce on the
mechanical resistance of the soil and its incidence in the com cultivation (Lea mays L.).
Materials and Methods. The trial was established in a soil classified as Aerie Tropaquepts,
clayey fine, not acid, mixed isohiperthermic, with phosphorus and potassium co+ntent from high
to low in the first 30 cm of depth, the tillage practices evaluated were: disk plug (DP), chisel
plug (RD), without plug (WP), heavy harrow (HH) and zero tillage (ZT) which were combined
with There (3), five (5) and seven (7) harrow passes respectively, except for zero tillage. The
genetical material used was the hybrid Ceniap PB8. The variables evaluated were: soil mechanical
resistance (MR), root development (RD), and grain yield (GY). The experimental design used
was a random complete block design, with treatment arrangement in striping (4*3). TUKEY
mean test was applied, making a simple lineal correlation analysis. The mechanical resistance
was measured with a WENER GLOOR; tip a 4572 penetrograph, with a diameter of cone of 22
and 11 cm respectively, with an angle of 30 degrees, which was designed to penetrate a speed
of 30 cm-min-l.(l). The sampling was done in the row, between row and in the fingerprint area
of the tractor, to analyze each on as a particular condition. Root development was determined
using the probe method sounding (2), samples were taken at 10 cm of the base of the stem, then
those were saturated, sifted, dried and finally weighed in an analytical scale.
Results and Discussions: The mechanical resistance mean values, determined before tillage,
were 0.2 and 2.3 Mpa, for the sampling depth of 5 and 45 cm., respectively. To the depth from
20 cm, at thirty days after the sowing, there was found a tillage effect on the mechanical
resistance, being obtained the following values: ZT (0.67) >, WP (0.58) > HH (0.53) > CP
(0.41), > DP(0.38) MPa, respectively. The tillage practices reduce the mechanical resistance of
the soil in the built cape, such reduction was function of the type of the implements used and of
the disturbance depth, which is in accord with (3). There was no found meaningful effects for
soil mechanical resistance tracking levels. In relationship to root development from 0 to 17 cm of
the depth of the soil., there was found a tillage practice effect, observing that ZT (75) > WP
(74) > HH (67) > DP (58) > CP (55) % of the root dry weight, which evidences that depth
tillage improves roots vertical barely through in soil. There was found significative tillage effect
upon grain yield, such as it is indicted to continuation: ZT (5.24) > CP (4.23) > WP (4.21) >
DP (4.0) > HH (3.7) Mg ha-1 respectively. Was not found effect of the tracking levels on the
yields.
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Conclusions: 1) The tillage practice reduces the mechanic resistance of the soil in the arable
cape. 2) Increasing the number of passes of harrow on soil, causes mechanical resistance. 3)
The depth tillage improves the vertical breakthrough of the roots in soil. .4). The dry root weight
was found associated positively with the mechanical resistence of the soil 5) The zero tillage
constitutes a feasible sowing alternative of development in this type of soil.
Bibliography:
1) Ashbumer, J. and B. Sims. 1984. Elementos de diseno del tractor y herramientas de labranza.
Edit. IICA. Costa Rica. 473 p.
2) Bohn, W. 1979. Methods of studying root systems. Springer, Verlag, Berlin 118 p.
3) Cassel, D.K. 1982. Tillage effects on soil bulk density and mechanical impedance. ASDA.
Predicting tillage effects on soil physical properties and processes. Madison.
4) Lugo, J. 1989. Efectos de prcticas de labranza sobre algunas propiedades fi'sicas del suelo y
su incidencia en el cultivo del maiz (Zea mays L.). FAGRO, UCV. Maracay 152 p.
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Conservation Tillage Technology on (tainted Maize (Zea mays
L.) in the Central-Western Region of Mexico
L.E. Valdez, D.R. Gonzalez, J. Velazquez, R. Aveldano, and R.
Claveran. Institute Nacional de Investigaciones Forestales y Agropecuarias,
Mexico.D.F.
Introduction.
The sustainable
development term in agriculture
was
created
like
consequence
of the great interest
by impact of
economics development
on environment.
The resources
degradation
(v.gr. deforestation,
erosion and soil salinity)
has affected
crop
production;
for this reason, it is important to maintain the soil
productivity
(World Bank, 1992). The Research Centers of Central
and Pacific-Central
Regions, belonging to the National Institute
of
Forestry,
Agriculture
and Livestock Research (INIFAP), jointly
with
with the
following
other institutions
began on 1992 a project
aspects
: 1) To generate
appropriate
tillage
technologies
for
different
conditions
where agriculture
is practiced;
and 2)
Contribute
to the scientific
knowledge in this important
topic
(INIFAP, 1992) .
Materials and Methods. This long term work, that began on 1992, was
developed
in the Central and Central-Western
regions of
Mexico.
There were conducted
13 field
experiments
for the study
of
different
tillage
technologies
(conventional
or
traditional,
minimum and zero), different
covering rates of maize residues
on
(0, 33, 66 and 100%), and
different
zero tillage
treatments
fertilization
treatments
with N, P, K and S, on the rainfed
maize
productivity.
Additionaly,
taking like
model the tillage
and
covering treatments,
there were included some field experiments
to
evaluate
herbicides
(6), maize hybrids (6) and liming rates
(8).
These studies
were complemented with socioeconomic
evaluations
to
identify
restricting
factors and potential
of conservation
tillage
technology
(Mendoza et al..
1992).
Results and
Discussion
Results
show
that
tillage
factor
was
significantly
in
the
half
of
tillagecoveringfertilization
e x p e r i m e n t s ;
fertilization
was
highly
significantly
in
the
most
of
experiments
(90%); the
interactive
effect
between
tillage
and
fertilization
was only
significantly
in 40%
of cases.
In
general,
the zero tillage
(ZT)
treatments
with maize

Effects of Tillage Technologies on Mane Grain YieJd.
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residues covering yielded consistently
more than conventional
(CT)
and minimum tillage
(MT), that is associated with better soil
water
yield
conservation
which increased yields (Lai, 1979). Maize grain
was not increased significantly
with higher rates of N and P. The
effect
of K was only higher in 20\ of experiments
and maize
response to S applications
was not important.
This results
suggest
no to modify the actually
fertilizer
recommendations.
In the
tillage
and herbicides
experiments results
show that zero
tillage
with maize residues
covering had higher weeds population.
The most
effective
herbicide
treatment were Primagram 500 (5 1/ha)
applied
in preemergency and complemented with Accent (60 g/ha) or Gramoxone
(2 1/ha) in postemergency.
In reference
to tillage
and maize
hybrids, results
show that all factors were significantly
affected
(P<0.01) but not their interaction.
This confirms by the moment
that maize hybrids response is not affected by tillage
treatments.
Results in the tillage
and liming experiments show that only in 25%
of sites
the maize grain yields
were increased
with
lime
applications.
Moreover, this response was not modified with
tillage
treatments
coinciding
with Thomas and Frye, mentioned at
Phillips
and Phillips
(1984), whose state that acidity problem in the top of
soil on zero tillage
does not affect
maize yields.
Finally,
the
socioeconomic
studies
conducted
in this
region
show
that
conservation
tillage
technologies
which are supported by
precision
sower machines
are not appropriate
for all
the
environment
included.
So, for increase
the potential
adoption rate,
it
is
convenient
to adapt other
tillage
systems
for
the
specific
conditions
and restrictions
of each environment (Nieuwkoop,
1993).
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Efectos de la Labranza y Formas de Fertilizantes sobre
la Distribución y Absorción de Fósforo (P) y Potasio (K)
y su Incidencia en el Cultivo de Sorgo (Sorghum bicolor
(L) Möench)
Nectali Rodriguez y Julio Lugo R. UNEF, Coro, Venezuela
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Influence of Tillage Systems on Physical Properties of a Tropical
Soil on Cotton Yield
C. Bravo, and A. Florentino. Postgrado of Soil Science, Institute of
Edaphology, Faculty of Agronomy, Maracay-Venezuela.
Introduction. The preparing surface to which is subdued soil for the
cultivation of the cotton in the located of Cantagallo, Guarico state,
Venezuela in some cases in dampness conditions not adequate and with a
system of explotation highly mechanized, has made that are expressed
some problems of physical degradation (Compaction, water erosion,
surface sealed and crust) and that at the same time ocurrs a rooting
surface.This processes of degradation in. combination with the explotation of lands frails to use agricultural affect the soil productivity^).
Materials and Methods. Four tillage treatmens were evaluated in a field
experiment: conventional tilage(LC), minimum tillage with residues of
Crotalaria .iunceafLMC1. minimum tilage with residues of natural fallow
(LMB) and minimun tillage with soil previously subsoiled, with residues
of Crotalaria ,iuncea (LMCS). The experiment site was located on a Typic
Haplustalf in Cantagallo, Venezuela using a large plot sampling(6). The
evolution of the soil physical properties(Bulk density, Satured Hidraulic Conductivity, macroporosity(4), soil water retention and mechanical
resistance), plant growth's (2) components and yield were measured, during the cycle 1931.
Results and Discussion. The results indicate that the tillage systems
showed temporary changes on soil physical properties ( Bulk density,
Satured Hidraulic Conductivity , macroporosity and mechanical resistance). However, drastic changes were observed in the LC treatment on the
top horizont, showing the low stability of these soil against water drop
impact (Fig.1)
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In the deep tilage system, plants reached o more uniforme and deeper root growth due to "better soil physical conditions. Comparing the
four treatment the LMB was most effective in reducing soil losses and
increasing water storage in the top 30 cm, showing the positive effect
of crops residues in protecting the soil surface under minimun tillage
systems.
Stastiscally significant differences were not found among tillage
systems in relation cotton yield (kg/ha); however the tendency was
LOLMOLMCS>LMB.
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Evaluation of Four Legume Crops in Improved Fallow for
Establishing Com Minimum Tillage Systems in the Middle
Valley of Yaracuy
Xiomara Abreu. Agronomy Institute. Agronomy School of the Central
University of Venezuela. C.P. 4679.
Introduction. Land productivity has decreased greatly in
the last years due mainly to inadecuate use of cultural
practices. Consequently, a decrese in productive potencial
and an irreversible soil degradation has ocurred ( 2 , 3 ) . In
Venezuela where agriculture is mainly rainfed, the same
situation
prevails. Therefore,
is necessary
to
find
technological
alternatives
to
improve
or
mantain
agriculture productivity and increase rationality in the
use of resourses. Combined use of minimum tillage systems
and legume crop—residue mulches is a promising alternative
for sustainable agricultural systems.
Materials and methods. The aims of this research was the
evaluation of four legumes on fallow, in order to be used
in minimum tillage systems for corn crops in the Middle
Valley of Yaracuy River, Venezuela. The soil was an alfisol
(Oxic Haplusta1 fs) . Two experiments were conducted, using
a completely randomized block design with three replicates.
The first one was performed during the rainy season (1991)
using a factorial 4x2 experiment (four legumes x two crop
s y s t e m s ) . The legume included were: Canava1 ia ensi formis.
Crotalaria juncea. Ca janus ca jan and Phaseolus lunatus.
which were sown both in a broadcast and row fashion. During
the growth cycle of legumes, the fallowing variables were
measured: plant height, canopy height, covering degree,
covering degree at soil level and weeds covering degree.
Biomass material of legumes and weeds on each experimental
unit was cut and weigthed fresh and dry and replaced on the
field
in
order
to
measure
its
descomposition
and
mineralization rate as well as the C/N ratio. In the second
experiment, Canava1 ia ensi formis was not considered since
it did not perform as well as the other three legumes in
the first trial. The second trial was carried out during
the dry season (1991—1992) in a 3x2 factorial arrangement,
evaluating the same variables as in the first one.
Results
and
discussion.
Results
indicated
highly
significance differences
(1%) between legumes for all
variables evaluated. Crotalaria juncea showed the best
performance regarding soil protection for both seasons.
This was due to its high covering capacity at both canopy
(Fig. 1) and soil levels (Fif. 2 ) , high fresh and dry
matter production and high growth rate. This results are
similary to those reported earlier from the same plots with
Crotalaria juncea (1).During the dry season an important
reduction in dry matter production ocurred, possibly as a
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result
of low water
availability.
Crotalaria
juncea
descomposed at a slower rate, wich ensure its influence on
soil superficial for longer time. In general, the broadcast
cropping system performed better than the row system.

Covering Degree of Legumes
and Covering Degree at Soil
Level during the rainy and dry seasons (19*?1 —1992) .

pig.i covEMiNO unoMHE or LEUUMES

ZZ?

Tig.2 COVEMINO UEGMEE

AT SOIL

LEVEL

i

/z. 'A
-J/-

' 7

m*

;Wi,

/ J:J

V

C. r.|.„

i|*n
C. rt|»«

LEGUME cnors

IEOUME cnors
cnors

f Irniny senson Rldry sonaon

I Irniny

nnason l ^ l d r y

r. lunMul

snnnon

Literature cited.
(1) Bravo, C
1993. Efecto de diferentes sistemas de
labranza sobre las propiedades flsicas del suelo y su
influencia
en el rendimiento del cultivo de algodón
(Gossvpium hi rsutum L.) en un alfisol del Estado Guarico.
Maracay, Venezuela.
(2) FAO. 1«?7B. Agriculture towerds 2000. A normative seen.
Rome.Italy.
(3) Lal, R. 197*?. Influence of six years of no—tillage and
conventional plowing on fertilizer response of mayze (Zea
mays L.) on an alfisol in the tropics. Soil Sci. S o c . Am.
J. 43:399-403.

144

EFFECT OF FOUR METHODS OF TILLAGE ON THE
CORN'S YIELD AND SOME SOIL PHYSICAL-CHEMICAL
PROPERTIES.
J. D. Garcia P*, A. Rivera C. and O. Sóto G.
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Introduction. The tillage practice on crops has the following
objetives: a) to obtain a suitable seedbed for crops ; b) to get a
control of weeds that grow associated with crops; c) to improve
physical conditions in soils. However, in almost all crops the
tillage preparation is realized without consider factors, like the
soil type. Besides the profits of some tillages has been
questioned. Interest in conservation tillage is increasing among
farmers, because of decreased cost of imputs an increased awareness
of soil vulnerability to soil erosion. Among the factors affected
by tillage practices, are: (a) soil moisture, (b) nutrients
distribution and concentration in the soil profile; (c) soil
concentration of C02and 02 ;(d) soil temperature; (e) weedds growth;
(f) soil erosion and water infiltration; (g) types and number of
microorganismos
(Kocher
et
al,
1983).For
increasing
the
productivity of basic crops, an option is to reduce the cost of
crops, without reduce the yielding. The minimum tillage is a good
option for this aim. Therefore, some studies about this topic are
convenient. This work was realized with the general objetive that
maximize the preparation land's cost in corn and remark changes in
some physical-chemical characteristics by tillage effects.
Materials and methods. The experimental site was located in south
eastern Nayarit under temporal conditions, on a well-drained sandy
soil. The soil is a typic regosol dystric with aproximately 0.65
organic matter; 4.6 pH; 39.5 kg/ha phosphorus (Bray-1), and 74.5
kg/ha potasium (ammoniun acetate extraccion). The effects of
minimum tillage, ploughing, a harrow and two harrows were compared.
A split-plot design with four replications was used, with four
tillage treatments in main plots and a weeding and pest application
combinations in sub-plots. Corn was planted at a rate of 50,000
plants/ha at a row spacing of 80 centimeters.
Aplications of N (Ammonium sulfate) of P (Ammonium phosphate) were
made at rates of 120-60 kg/ha respectibly. Oftanol 5% G. was
applied at a
rate of 20 kg/ha for root worm. Also, initial
application of Atrazine (Gesaprim-50) was applied at a rate of 2
kg/ha. Soil samples were taken 0-15 centimeters in all four
treatments before planting and after the harvest to evaluate some
chemical properties. Soil moisture was evaluated for gravimetric
method taken soil samples every fifteen days. Grain samples were
taken at harvest, evaluating the yield at 14% moisture.
Results and discussion. The soil moisture at seedling emergence,at
depth of 0-15 cm. was higter on minimum tillage than all other
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tillage treatments. At depth of 15-30 cm, the soil moisture
decreased on minimum tillage and increased on other treatments. The
soil moisture at tasseling, depth of 0-15 cm. was highter with
minimum tillage treatments, but at depth of 15-30 cm. the soil
moisture content was increasing on tillage treatments.This effect
is atributed that tillage is affecting the soil water infiltration,
althought, this is not definitive because the soil moisture is
funtion on the soil preparation besides the amount of rain, as well
as the other factors. The soil pH was decreased on minimum tillage,
this is accord with found by others researcher (Blevins, 1983). The
soil potassium was increasead, more than four times, with tillage
treatments, this agreed with others authors whom point out that
soil aeration has influence on potassium availability. The grain
yields with tillage treatments are shown on table 1. Analysis of
variance of crops yields shows no significant differences among
tretments, for both main plots and sub-plot treatments. The least
yielding was getting with minimum tillage (1.86 ton/ha), and the
highter yielding was obtain with a harrow treatment (2.58 ton/ha).
The data of economical analysis showed the possibility of decrease
the production cost, with reduced tillage on sandy soil.
Table 1. Corn average yield with tillage treatments in main
plots.
No.

Tillage treatments

yield (Ton/ha)

1
2
3
4

Minimum tillage (Traditional ploughing)
Ploughing + sowing (Machinery)
A harrow
"
Two harrow
"

1.86
2.25
2.58
2.31

Conclusions: On this light textured sandy soil, is possible to
reduce the production cost with reduced tillage, without decresed
yields. There were no tendency about changes in soil moisture
contents on evaluated treatments. Changes in soil chemical
properties were significatly different for potassium.
References.
Blevins,R.L. et al. 1983. Changes in soil properties after 10 years
continuos non-tilled and conventionally tilled corn, Soil
&
Tillage Research. Vol 3 No.2.
Kocher, F. Violic, A.D. and Palmer, A.F. 1983. Sistemas de labranza
de conservación y el agua en el suelo. Trabajo presentado en el
simposio: "La sequia y su impacto en la agricultura." Universidad
Autónoma de Chapingo. México.

146

Effects of Crop Rotation Systems With no Tillage in the Physical
Properties of A "Latossolo Roxo"
M.C. Alves*, S.R. Vieira**, O.M. de Castro**, and F. Lombardi
Neto**. *Departamento de Ciência do Solo e Engenharia Rural-FEISIUNESP, cx.
Postal 31, CEP. 15. 378-000-Ilha Solteira - SP, Brasil. **Instituto Agronomico,
Secao de Conservacao do Solo, Cx. Postal 28, CEP. 13. 0001-970, Campinas - SP,
Brasil.
Introduction. Successful agricultural exploration requires the
choice of the best management system to provide a good balance of
the physical, chemical and biological soil conditions, aiming at
improving its productivity, maintaining or even improving the
natural soil condition. The evaluation of winter crop development,
and appropriate rotation plan for conservation tillage systems is
essential. This evaluation should also consider the effects of
crop sequences on the soil physical parameters. The objective of
this study was to evaluate the effects of crop rotation system
under no tillage for five years, and its implications on some soil
physical characteristics.
Material and Methods. This study was developed in Palmital, SP,
Brazil, during five years, in a "latossolo roxo argiloso"
(oxisol). The total area used for the experiment was 4,400 m in a
randomized
block
design with
eight
treatments
and
three
replications. The treatments used were: soybean-"crotalaria"-corn"crotalaria";
soybean-chick-pea-corn-chick-pea;
soybean-white
lunpine-corn-white lunpine; soybean-white lunpine+black oat- cornwhite lunpine+black oat; soybean-whoat-corn-whoat; soybean- white
oat-corn-white
oat;
soybean-black
oat-corn
black
oat;
soybean-rye-corn-rye. During the summer, the soybean and corn
crops were rotated, and in the winter different cropping systems
were tested. The tillage system used was the no tillage. The
experiment began in 1985 and in 1990 sampling for soil density,
total porosity, macro and microporosity (Blake, 1985), aggregate
stability in water (Yoder, 1936) in three depths and saturated
hydraulic condutivity (Reynolds & Elrick, 1987) in two depths,
were made.
Results and Discussion. There was no significative difference
among the treatments for the physical parameters analyzed. Similar
results were verified by Vieira & Muzilli (1984), who atributed
the non-significance to the short time of cultivation whith the
crop rotation system. There was significative difference among
soil depths for the saturated hydraulic condutivity. At 5 and
15cm, the soil density was higher and the total porosity and
macroporosity were lower, when compared with 30cm depth. Because
the no tillage system does not revolve soil periodicaly, some
increase in density of the superficial layer found is considered
normal. The weighed mean diameter (WMD) of the aggregates was
greater in the soil superficial layer due to its smaller
mobilization and superficial accumulation of the organic residues
(Silva, 1980).
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EVALUATION OF PHYSICS CONDITIONER ON
VERTISOL IN PORO (Allium porrum L.) GROWING IN
JILOTEPEC, STATE OF MEXICO.
Luis S. Torres Cedillo1 and J. Feliciano Ruiz Figueroa
Soil Department, Universidad Autonoma Chapingo.
Introduction.
Tha Management of clay soil ( > 35% clay) has been a problem, its mechanical disturbance
and pluwing depend from soil moisture and agricultural machinery disponibility on the till.
This paper report a study in vertisols pelicos found on irrigation distric 08 in Jilotepec,
Mexico.

Materials and Methods.
The experimental area was constituted by 500 m2. Each plot has 10 m2. The experimental
was founded by chance and treatments plots was Tl (control), T2 (gravel), T3 (sand), T4
(sand + gravel), T5 (wheat straw 1), T6 (wheat straw 2), T7 (maize straw 1), T8 (maize
straw 2), T9 (manure 1), T10 (manure 2).
The properties measured were, bulk density, soil streng, soil moisture and infiltration.

Results.
The wheat straw 2 and maize straw 2 plots had lower bulk density 1.30 g/cm3 and their
strength was 39.25 y 36.35 kg/cm2. The manurer plot reported the larger soil moisture and
larger yield.
The results of quality yield and profit in pesos by plot are shown in table 1.
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Table 1. Yield and profit by plot (3.5 m)
Treatments
1

1°

2°

1

2

4"

N$

27

6.25

4

26

9.84

3°

2
3

6

8

16

10.89

4

2

10

18

8.87

5

21

9

20.58

6

27

3

22.40

7

25

5

21.72

8

26

4

22.10

9

16

14

31.20

10

24

6

34.80

Conclusions.
The vertisols pelicos soils responds to aplication of physics conditioners, those change
physics propierties soil like increase the soil moisture, bulk density, strength, total porosity
and aereation.
References.
Ortiz, S.C.A. 1985. Los suelos agricolas de Mexico de acuerdo al Sistema FAO/UNESCO.
Primera reunion sobre el manejo de Suelos Arcillosos y su aplicacion en la Agricultura.
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Improving Soil Productivity Under Dryland Farming
Rengang Li *, Changjin Xu, Fucun Yang, Shuqing Liu, Jianling Liu, Lifeng
Zhang. Department of Agronomy, Hebei Agricultural University, Baoding, Hebei,
P. R. China, 071001.

Introduction. The experiment site was located in the plateau of north part of Hebei. The
topography of the area is predominatly flat with undulation. The altitude is 1300-1700m. The
climate of this region is characterized by low temperature, dry and strong wind. The annual
average temperature ranges from 1 to 3 £ , with an accumulated temperature larger than or
equal to 10 t : of 1962C . The annual rainfall is between 340 and 450mm. The annual average
evaporation rate is 1850mm. The frost—free period is between 70 and 120 days. The annual
mean sun shine hour is 2950 hours. The accumulated wind velocity larger than or equal to 5 m
sec-lfrom March to June ranges from 200 to 300m sec-1, even 400-600m sec-1in the west part
of this region. The main soil in this region is classified as chestnut soil. It is characterized by
organic matter 1-3%, total N 0.08-0.15%, available P 1.5-6 mg kg -1 , exchangeable K
80-140 mg kg""'.
Materials and methods. A long—term experiment with naked oats was carried out using an
unbalanced design comprising four factors (N, P, K and manure), three levels of N, P, K
fertilizers and manure (0, 60, 120kg N ha"1, 0, 45, 90kg P 2 O s ha - l and 0, 45, 90kg K 2 0 ha"1, 0,
22.5, 45t manure ha -1 ) in the Zhangbei experiment station of dryland farming in north China
since 1991. A tillage experiment with no tillage, shallow (10cm), deep tillage (25cm), strip
subsoiling and conventional tillage was also conducted in the same station.
Results and Disscussion. Research results showed that applying organic fertilizers in
combination with chemical fertilizers is an effective way of improving soil productivity. As
shown in table 1, the yield of oats increased by 366.5-508.8% compared with the control,
whereas organic fertilizer and chemical fertilizer applied alone gave an increase of
90.4-126.7% and 24.7-387.6% respectively, compared with the control. Nitrogen and
phosphorus fertilizer applied along gave an increase of 104.7% and 24.7% respectively,
whereas combined application of nitrogen and phosphorus fertilizer gave an increase of
276.8% compared with the control. The economic optimum rates of N and P fertilizers
calculated based on regression equations were: N = 100.9kg ha - 1 , P = 71.1kg
P 2 0 5 ha -1 (M = 22.5t ha -1 ). The content of soil humus increased by 15.4-32.5%. Studies on the
effects of different tillage conducted in Zhangbei experiment station have shown that strip
subsoiling increased yield of naked oats by 18.54-23.51% compared with conventional tillage
(CK), soil water use efficiency in 2m of soil increased from 4.50kg mm - l ha - 1 to 4.65kg
mm -1 ha -1 (table 2), the total weight of root in 0—20cm of soil increased by 158.9%. Deep
ullage and no tillage increased yeilds of naked oats by 23.43% and 9.37%, repectively,
compared with shallow tillage.
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Table 1. The effects of fertilization on ycild of naked oats and some properties of soil in a long-term
experiment*
yeild

increase

kg ha" 1
376.5
469.5
771.0
1419.0
1504.5
1665.0
1836.0
717.0
1962.0
2292.0
853.0
1756.5
1977

%
-

treatment
NoPo
N0P,5
NsoPo
N W P 45
^60^90
N120P45
^120*90

M,+N 0 P 0
M.+NJOP*,

M,+N 120 P 90
M 2 +N 0 P 0
Mj+N^P,,

24.7
104.7
276.8
299.5
342.2
387.6
90.4
421.1
508.8
126.7
366.5
425.1

content of
total humus

%
0.456

M2+N120P90
* 1. avaerage results of 1991 and 1992
2. M,-22.5t ha - 1 , M 2 -45t ha~'of manure.
Table 2.

content of h umus of various status
% of C
lose
steady
tight
0.214
0.033
0.209

-

-

-

-

0.480

0.233

0.036

0.211

-

-

-

-

0.523
0.499
0.535
0.578
0.526
0.541
0.604

0.257
0.238
0.252
0.257
0.233
0.233
0.247

0.048
0.046
0.043
0.046
0.053
0.060
0.070

0.218
0.215
0.240
0.275
0.240
0.248
0.287

The effects of different tillage on the yield of naked oats and some properties of soil

item
bulk density
soilO.M. %
available N mg kg"1
Olsen-P mg kg - 1
water surplus mm
water consumption mm
yield kg ha - 1

0-10cm
10-20cm
0-20cm
0-20cm
0-20cm
0-200cm
0-200cm

strip subsoiling furrow planting
ridge mulched
ridge
furrow
mulched furrow fertilized
fertilized
1.56
1.59
1.56
1.54
1.54
1.66
0.91
0.94
0.91
54.6
53.5
53.9
5.7
1.2
9.9
15.5
20.0
312.5
296.1
1457.1
1242.3
1398.5

conventional tillage
ridge
planting
CK
1.51
1.48
1.56
1.47
0.84
0.86
55.6
54.6
1.5
1.1
28.8
18.6
290.4
291.3
1254.0
1179.8
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Performance of Mole Drainage in a Swelling Clay Soils
J. Reyes 1, J.L. Marquez2; A. Castellanosl; J. Herreral and L. Damour3.
Unstituto de Investigaciones de Riego y Drenaje. Havana, Cuba. 2Empresa
nacional de Proyectos Agropecuarios. Havana , Cuba. 3Domaine Experimentale,
INRA de Saint-Laurent-de-la-Prce, France.
Introduction. The mole drainage is a efficient technique in clay soils. For that reason it is
used in a vertisols drainage. This soils are over an area of 1, 2 millions ha in Cuba and the 13%
of them are localized in a Cauto river valley (I). The reclamation of all these areas are very
important because it represents a high yield potential for the food suply of the region.
This paper show some results of mole drainage implementation in différents areas whith swelling
clay soils in Cuba.
Materials and Methods. In areas with différents vertisols types were taken the observations
during a period between 1986-1990. This observations includes the level of the water table
measurement, the drain discharge, the hydric profiles, soil compactation, mechanical composition
and crop yield. With these elements it was valorated the efficiency and durability of the mole.
Results and Discussion. In all soils profiles description it was observed a high clay content.
In Sabanilla site and Camalote site the average clay content was 63-65 % but in Veguitas site and
Monte Alto site it was 53-57 %. In all places clay contents were adecuate for the stablishment
of the mole drainage (2). All the measures showed a good relation between clay content,
durability and stability of moles (3).
It was observed in Camalote area profile that there was a zones with high water content because
the water was attained in a closed crack when the soil swelling. In Sabanilla area profile the
water content was uniformely distributed.
The water table measures showed that in Macun area there were a perched water table after rain but
it was evacuated rapidly. With the construction of mole drainage it was possible to evacuate a 14
% more water than from the area not drained.
In all the areas the yield was increased in 10-70% in tomatoes, sweet potatoes, corn and green
forage (Table 1).
The mole drainage constructions give the possibility of crop cultivation like tomatoes and corn
when the perched water table was drained. It was possible because the mole and its associate
cracking system increase the percolation of the excess water and permit it to leave the soil
throught the mole channel.

Table 1. Crop Yield in Different Experimental Sites.
Experimental
Sites
Macun
Camalote
Veguitas

Crops

Yield (ton/ha)
Undrained Mole Drainage

Forage
11.9
Tomatoes
6.8
Sweet Potatoes 3.3
Corn
2.9

23.0/1
13.2
13.5
3.3

1/ average annual yield by cut (fresh forage)

1
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Increment
%
48.2
48.5
75.5
11.1
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RIDGE SEEDING METHOD, ITS USE IN THE NORTHWEST
OF MEXICO FOR WHEAT PRODUCTION
M o r e n o R. 0 . H . 1 , S a l a z a r G . J . M . a n d C a m a c h o C . M . A . Northwest
Research Center. INIFAP. 6500Q, mail box 5 1 5 . Cd. Obregón, Sonora México.

Regional

Introduction. Through the wheat domestication process, humanbeing treated to simulate
the natural distribution of the plant seed. Such a seeding method has been efficiently
used up to day and the current available technology is well adapted to it (Moreno
1991). However weeds and other farmers enemies are in constant evolution to get
adapted in the ecological niche formed by these growing conditions. The traditional
aproach to solving these problems, causes an excesive use of pesticides (4 It of gramminicide + 1 It of latifolicide + 1 It of fungicide per ha), and considerably increases the
production cost (arround 700 new pesos which represents 2 5 % of the total cost). This
aproach is constantly contaminating the natural environment w h i c h represents a high
risk for human health and for the rest of ecosystem inhabitants (Moreno 1991).
Materials and Methods. Thechnology for seeding wheat in ridges was proposed by Moreno et al (1980). The major feature of this seeding method is the space betwen rows
w h i c h allowes machinary and men to get into the field for weed-hook and pesticide
spreads w i t h tractor. This make the method very versatile and cheaper. Much research
has been carried out about the ridge seeding method and some of the results are presented in this paper.
Results and Discussion.
sensitize the production
cate that best tillage for
field for seeding. This is

For the farmer adaptation-adoption proceess, it was necesary to
technology for the new seeding method proposed. Results indiwheat production, is that just necessary to properly configurate
very similar to the tillage used in the traditional method.

In the ridge method it is possible to delay 10 days the second irrigation in comparisson w i t h the traditional method. This cause that weeds emerge later and its control is
easier. T w o weed-hooks and one hand weed are enough for an efficient control.
Plant population density for optimum wheat production was 1 3 0 , 0 0 0 plants/ha
w h e n seeding in november 10. This population increases in 1000 plants/ha/day in later
seeding up to december 10. Population increases in 3 5 0 0 plants/ha/day for seedings
after this date. This plant population is possible by using 8-10 kg of seed/ha. However
in comercials field conditions the farmers may use 25 kg of seed/ha, planting w i t h the
traditional driller. If a more accurate seeding machine is available 15 kg of seed is
enough (Fig 1).
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The best topological arrangement is the hexagonal pattern w i t h 2 0 - 3 0 c m of plant
equidistance. However in field conditions it is only possible to use ridges w i t h one or
t w o rows on the t o p . The most aproppiate ridge w i d t h depend on farmer preferences,
crop rotation, available machinary and other crops in the farm (fig 2). One r o w of plants
can be used w h e n the ridge w i d t h is less than 6 0 c m . and t w o r o w s are more covenient
w h e n ridge w i d t h is more than 76 c m . In this case the distance betwen rows must be at
least 25 c m . More than t w o rows of plants per ridge decreased yield in 2 0 - 2 5 % . It
seems that yield decreses w h e n growing axes relationship is greater than 4 : 1 .
Results indicate a fertilization X seeding method interaction for wheat yield, however changes in fertilization were not considered because they were so little. The seeding method X rust infection was not significant, however karnal bunt infection decresed
in the ridge seeding method. The appropiate genotype for this seeding method must be
higher than E2 (85 cm) and medium late (more than 75 days to heading). Data indicate
that durum wheat, triticale and barley are better adapted to the ridge seeding than to
the traditional method. Only early bread wheat tend to yield less in ridge seeding. Even
though the yields trials in the breading program are planted w i t h the traditional method,
all the present recomended varieties for the northwest of México are very well adapted
to the ridge seeding method.
Literature Cited
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THE RELY INTERCROPPING SYSTEM: ITS USE IN THE
NORTHWESTERN AGRICULTURE
M o r e n o R. O . H 1 . , Salazar G . J . M . a n d C a n o A . M . Regional research not
hwest center. INIFAP. C. Z. 8 5 0 0 0 , mail box 515 .Cd.Obregón Sonora México.
Introduction. The crop association technic came into use before the begining of
the christian era, its objective is to reduce the impact of some crop production
constrains, for example nitrogen deficient in cereals-leguminous associations, excess of light in corn and cucurbitaceas asociations etc. Rely crops asociations,
refered here are amed to solve problems as lack of time, water and land, and to
provide a more adecuate production system for the northwest of Mexico
Materials and Methods. A rely system is a crop agroecosecuense in which the
crop life cycles have an overlap period. The central asumption is that in the overlap period the first crop is at the final stage an the second one is in the initial
stage, and thus needs of growth factors for both crops, are little therefore rely
effects in crops production are minimun. We have studied three rely systems considering wheat as the first crop: The wheat-cotton rely system, which comprise a
cash crop and a social crop, its main premise is the use of market information
feedback in order to reduce cotton comercial risk and to make aditionals incomes.
The wheat-sorghum rely system include t w o food crops even though one of them
(sorghum), in a different trophic level. Finally the wheat-corn-soybeans rely, w h o
is a corn imbrication in the wheat-soybeans sagroecosecuense (Fig 1 and 2).
Results and Discussion. Soil tillage for planting the first crop (wheat), is the same
as tillage for conventional cropping. The second crop is planted before the wheat
harvest, and thus no tillage is used. The appropiate wheat genotype for the rely
systems must has high harvest index, as Oasis and Mexicali (Fig. 3 and 4). It
would be very good that genotype has narrow and erect leaf, or that the plant has
the capacity to drop the leaf as the leguminous plant do. The genotype of the second crop in the rely systems, made no diferences. There are no diferences in
plant population for rely and traditional systems.
Plantig date for the first crop (wheat) must be earlier (10-30 nov) in order to
be timely for the second crop planting. Fertilizing is same as the traditional wheat
(calculated w i t h M o r e n o ' s function, for Nitrogen requierement and using the laboratory test for Phosphorus requierement). In thesecond crop the Nitrogen requirement wil be the maximun indicated by the function mentioned above and there are
little information about the P requierement in the system.
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Weed control could be done with the traditional herbicides sprays in cotton,
wheat and corn. Sorghum growth after the wheat harvest is so fast, that weed
have no timr to compete. Insect and deseases are controled as traditionally,
except for midge fly which is the major problem in the system. The last irrigation
for wheat is used for planting the second crop and thus water usage decrease
15-25 % as compared w i t h the traditional system.
Data from t w o years indicate that cost of wheat-soybeans-cotton and
wheat-soybeans rotations are about the same. Net income is a little higher in
wheat-soybeans-cotton than in the wheat-soybeans rotation (most used in
northwest), while rely secuences, have potential to duplicate the net income of the
traditional systems, if there are no comercialization problems.
Literature Cited
Moreno R. O. H. 1 9 7 2 . Las asociaciones de Maiz-Frijol un uso aiternativo de la
tierra. Tesis de M. C. C. P. Chapingo México. México.
Moreno R. O. H. 1986. El agua en los sistemas agrfcolas, con enfasis al sur de
Sonora. México- Israel, Taller sobre sequi'a. CAEP-CIANOC-INIFAP-SARH. Pabellón
Aguascalientes México.
Perez, S. L. 1985. El relevo de trigo por algodonero: Un sistema.de alternativa
agrlcola para el sur de Sonora. Inv. Dir. ITESMUN. Cd. Obregón Sonora México.

Oasis

Genar
Mexl
Alam
Wheat variety
Fig 2 W h e a t y i e l d in t h e rely c r o p p i n g S y s t e m s
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Oasis

Genar Mexic
Altar
W h e a t variety
Fig 3 2 n d crop yield in rely s y s t e m s

Liming, Manuring and Fertilization of Maize for Better
Productivity and Low Environmental Impact
M.Mesic, A.Butorac, F.Basic, S.Redzepovic and S.Sikora
Faculty of Agriculture, Svetosimunska 25, 41000 Zagreb, Croatia

Introduction. Production of maize on very acid soils is not generally profitable until adequate
agrotechnical practices are applied to eliminate excessive acidity and correct soil fertility. In
Croatia, maize is sown on 0.5 million ha while the average grain yield is only 45 dt/ha. One of the
reasons for such low yields is the high proportion of acid soils in the total area under maize. Raising
the fertility of these soils is a prerequirement for higher yielding of maize.
Materials and Methods. Aimed at defining the optimal agrotechnology for maize grown on acid
soils óf central Croatia, 4-year (1987-90) stationary investigations were carried out on acric luvisol
in the Kordun region. The trial was set up according to the Latin rectangle method with 24 trial
variants in 4 replications. Mineral nitrogen was applied in three rates (Ni=140, N2=180, N3=220
kg/ha), mineral phosphorus in three rates as well (P[=120, P2=160, P3=200 kg/ha P2O5), while
potassium fertilization was the same for all variants - 160 kg/ha K2O. Firm cattle manure was
applied in two rates - FMi=150 dt/ha and FM2=300 dt/ha and so was liquid manure - LMi=15
m-^/ha and LM2=30 m^/ha. Dolomite was used in the investigation as liming material and was also
applied in two rates - lower = 8 t/ha and higher = 12 t/ha. Liming material was applied only once,
firm cattle manure in the first and third investigation years, whereas liquid manure was applied in
each investigation year, which was also the case of mineral fertilizers. Maize was grown as shorttcrm monoculture and hybrid Be 388 was sown in all four investigation years. Changes in chemical
and microbiological properties of the soil were monitored.
Results and Discussion. Taken as a whole, maize yields in discrete investigation years were greatly
influenced by weather conditions. Although the Kordun region has humid climate, two of the four
investigation years were characterized by water deficiency in some maize development stages: from
tasseling to silking in 1988 and from fertilization towards physiological maturity of the grain in
1990, which had an adverse effect upon grain yields and, thus, also on the efficency of the
experimental treatments. The efficiency of mineral nitrogen fertilization varied per investigation
years and fertilizer rates. However, almost as a rule, mineral nitrogen rates over 180 kg/ha did not
give positive effects regarding an increase of maize grain. Regardless of the rate, phosporus
fertilization had a positive influence on maize yields in all, even droughty, years. In trial treatments
without liming, firm cattle manure, regardless of the rate, had no influence on increasing maize
yields in the first two investigation years. After repeated application in the third year, considerable
differences were achieved in maize yields relative to treatments without manuring. Liquid manure
in combination with mineral fertilizers showed equal efficiency regarding maize yield as firm
manure. Irrespective of the amount of applied dolomite, liming did not cause higher maize yields in
the first two investigation years. In the third and fourth years, as well as in the four-year average,
differences in yields were achieved that point to the need for liming of acric luvisol, where attention
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should bc paid to the choice of materials, primarily with regard to their neutralisation index. Yields
obtained in the variants limed with higher dolomite rates in the third and fourth investigation years
surpass those from the corresponding variants limed with lower dolomite rates, as well as those
without liming, regardless of whether combinations with increasing mineral fertilizer rates were
applied or combinations of firm and liquid manure.
Changes in the chemical properties of the soil were mainly due to liming, which primarily applies
to the soil pi I value, hydrolytic acidity, base saturation level and the exchangeable aluminum level.
Positive correlations were determined between reduced soil acidity according to the listed
parameters and maize grain yields. In the four-year period, there were no changes in the humus
content of the soil, and no significant change in soil reaction was recorded in the no-liming
treatment. Despite that, a decreased sum of exchangeable bases was recorded in unlimed
treatments, as well as a lowering of the base saturation level, which points to initial processes of
further acidification. Owing to liming and organic fertilizer application, microbiological properties
of the soil were improved.
Investigation results point to the conclusion that modern agrotechnology for maize grown on acric
luvisol of the Kordun region includes liming, as well as application of organic and mineral
fertilizers. If appropriately applied, these measures lead to increased maize yields with no adverse
environmental impacts.
Literature Cited.
(l)Adams.F. 1984. Crop response to lime in the Southern United States, "Soil Acidity and Liming"
Agronomy monography, Madison, Wisconsin, ASSA, CSSA, SSSA, No. 12, 212-259.
(2)AUey,M.M. 1981. Short-term chemical and crop yield response to limestone aplications.
Agronomy Journal 73:687-689.
(3)Baldoni,G. 1988. Effeli delle liquamazioni sulle risposte delle rese di loiessa, mais e frumento
alia concimazionc minerale. Rivistadi Agronomia, No 1, 19-27.
(4)I31evins, R.L.,Murdock,L.W.,Thomas,G.W. 1978. Effect of lime application on no-tillage and
conventionally tilled com. Agronomy Journal 70:322-326.
•
(5)Ikuggenwert,M.G.M.,Hiemistra,T.,Bolt,G.H. 1990. Proton sinks in soil controlling soil soil
acidification. Soil acidity, Springer Verlag, Berlin, 8-26.
(6)Farina,M.P.W.,Channon,P. 1991. A field comparison of lime requirement indices for maize.
Plant and Soil 134:127-135.
(7)Fox,R.L..IIue,N.V.,Jones,R.C.,Yost,R.S. 1991. Plant-soil interactions associated with acid,
weathered soil. Plant and Soil 134:65-72.
(8)IIaynes,R.J. 1984. Lime and phosphate in the soil-plant system. Adv. in Agronomy,75:249-303.
(9)Hooker,M.L.,Gwin,R.E.,Herron,G.M.,Gallagher,P. 1983. Effects of long term, annual
applications of N and P on com grain yields and soil chemical properties. Agronomy Journal
75:94-99.
(10)Ketcheson,J.W.,Beauchamp,E.G. 1978. Effects of com stover, manure and nitrogen on soil
properties and crop yield. Agronomy Journal 70:792-797.
(1 l)Magdoff,F.R. 1978. Influence of manure application rates and continuous com on soil-N.
Agronomy Journal 70:629-632.
(l2)Varvel,G.E., Peterson,T.A. 1990. Nitrogen fertilization recovery by com in monoculture and
rotation systems. Agronomy Journal 82:935-939.
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Sowing systems in Barley and Triticale under dryland
conditions in the Altiplano Potosino-Jalisciense.
J.A.Flores *, J.Huerta, J.I. Nunez, F.Marmolejo and A.Buen-Abad.
School of Agriculture. UASLP. San Luis Potosi, SLP. Mexico.
Introduction. From 50 to 70 % of the national surface is clasiffied as arid and semiarid
zone. This means that rainfall is non sufficient and with irregular distribution during the
rainy season, having as a consecuence considerable loses in the traditional dry-farming.
Small grain crops are an interesting option because they have a lot of possibilities to
minimize risk because of the meteorologically inappropiate conditions. The advantages of
using non traditional sowing and water conservation systems are greatest under critical
dryland farming. If systems like furrow and drilling sowing are combined with appropiate
weed control chemicals, it can be a good management system for the crop production in
the Altiplano Potosino-Jalisciense. Within that framework the following field experiment
had as an objective to test non-traditional sowing systems in barley and triticale and to
evaluate the performance and the production cost associated with it.
Materials and methods. The experiment was conducted in Ojuelos, a dryland
agricultural farming county located at north-east region of Jalisco state in Mexico, in
which the average temperatures are 22.5 Celsius degrees maximum and 6.15 minimum.
The zone is located at 2,210 meters above the sea level at the Lat.21°50' N. and
Long. 100°35' W. coordinates. The climate is clasiffied as BskwG, steparium dry, semiarid
temperate. Soils belong to the Xerosol Haplico type with Phaeozem Haplico, 7.5 pH,
8.2% humidity usable, wilt point permanent at 9.8 %. These soils are poor in nitrogen
content, medium in P 2 0 5 and very rich in K20. The topography runs from plain to undulate
with slope less than 18 %. The zone receives about 411.7 mm annual rainfall.(1)
The non-traditional crop sowing systems used in the experiment were the
following: furrow sowing at 0.92 m in twin lines, furrow sowing at 0.75 m in one line,
drilling sowing at 0.30 m, and broadcasting traditional sowing as control. The sowing was
made at 40, 80 and 120 seed Kg./Ha. and the variétés used were Cerro Prieto in barley
and Eronga in triticale.
The growing-on plot was designed and analized as an growing sub-divided array
with randomized blocks. First year, sowing was made on July 21, 1988. There was not a
fertilizer supply and there was made weed control with an 2 4-D Amina. Yield was taken
from November 25. Because rainfall in 1989 was very low, the experiment was repeated
until 1990 using the same methodology but only with barley in which yield was taken
from November 22.
The evaluation was made as follows: flag leaf height, ear insertion, ear length,
quantity of grains per ear, 1000 grains weight and performance in Kg/Ha. The economic
analysis was made under unlimited capital criteria and using the discrete method (2).
Results and Discussion. (See Figure No. 1). The variance study in barley sowing systems
reported a significant response (*) to the following variables: flag leaf height, ear insertion
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and quantity of grains per ear; but there was no significant response in the ear length, 1000
grains weight and performance variables The analysis with sowing density demonstrated a
significant difference in ear length, grains per ear and performance, but there was a no
significant difference in the remaining variables.
The highest net income in 1988 came from the drilling sowing at 0 30 m with 120
seed Kg/Ha. system. This system reported a 0.915 Cost Benefit Rate with a 1521.11
Kg./Ha. performance.
The highest net income in 1990 came from the same sowing system but with 80
seed Kg/Ha.. Under this treatment the Cost Benefit Rate was about 0.935 with a 1,980
Kg./Ha. performance. That treatment was followed in order of importance by the better
system selected in 1989, which obtained a 0.825 Cost Benefit Rate and 2,100 Kg/Ha.
performance but a less net income.
In 1990, the variance analysis in barley sowing system reported a significant
response in all the performance variables but in leaf flag height.
The variance analysys in triticale showed a significant response in all the
performance variables but in ear insertion. Additionally, there were significant response to
the sowing density in the following variables: ear length, grains per ear, 1000 grains
weight and performance. The economic optimum treatment under unlimited capital
conditions was drilling sowing system at 0.30 m. with 120 seed Kg/Ha. sowed. That
treatment has a 0 877 Cost Benefit Rate and a 1,486 Kg/Ha. performance.
As a conclusion, the economically recommended system in both, barley and
triticale, is the drilling sowing at 0.30 m with 80 to 120 seed Kg./Ha. sowed.
Literature cited.
(1) Charcas, S. H I 984. "Los principals sistemas de produccion de cosechas de secano en
el Altiplano Potosino". Tesis profesional. Esc. de Agronomia. UASLP. Mexico.
(2) Volke, H.V. 1982. "Optimization de insumos en la produccion de la agriculture".
Centro de Edafologia. Colegio de Posgraduados. Chapingo.Mex. Mexico.
Figure No. 1. Variance analysis of agronomic characteristics and performance components in
barley and triticale growing under dryland fanning conditions. 1988 and 1990.

I 'ariable

Flag leaf height
Ear insertion
Ear length
Grains per ear
1000 grains weight
Performance Kg/Ha

F calculated
Sowing system
Sowing density
Barley Triticale Barley
Barlev Triticale Barlev
1988
1988
1990
1990
1988
1988
11.2*
7.1*
2.6
4.2*
3.5
1.6

8.6*
0.3
64.0*
40.6*
7.2*
20.6*

1.9
13.1*
13.7*
14.4*
15.6*

(*) Significant.
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1.1
0.4
6.0*
7.0*
0.2
9.0*

0.03
1.07
13.44*
13.19*
17.35*
14.98*

7.1*
1.7
2.3
0.03
5.6*

Yield of Sorghum in Plots with Scarce
Precipitation and High Atmosferic Demand
J. D. Lopez-Martinez ' R. D. Valdez-Cepeda and E. Martinez-Rubin de Celis. Fac.
Agric. y Zootecnia, Univ. Juarez Edo. Dgo.; Dir. Centros Regionales, Univ. Aut.
Chapingo; andCentro de In v. yGraduados Agropecuarios, IT A #10. Actually, Graduate
Students, Fac. Agron., Univ. Aut. Nuevo León, Apdo. Postal 358, San Nicolas de los
Garza, N. L., México.

Introduction. Farmers in arid and semiarid zones are able to follow strategies for rise the water use
efficiency in crop production. An alternative is to divide the area in both runoff and crop sections, and
other one is to increase the sowing distance and or the distance between rows.
The purpose of this short note is to point out preliminary effects of spacing row folowing Anaya's (1)
criteria with sorghum as crop.
Materials and Methods. One experiment was established in 1992. We used four distances between rows
Anaya's (1): 40, 80, 120 and 160 cm. Distance between plants was of 20 cm in all treatments.
Experimental design in the field was of eigth blocks. The experimental site is located on 20° 40' 40"
north latitude and 103° 21' west longitude. Precipitation during the year was 200 mm (50 % lie during
the growth season from may to July), while evaporation from a standard pan was about 1800 mm (33 %
lie during the growth season) (2). Genotype material of sorghum was the X-15277 hybrid, and may 2th
the sowing date. Measured variables were soil water content, forage and grain components of the yield.
Results and Discussion. In general the higher content of soil water was in the 30-60 cm layer, and the
best treatment is associated to 160 cm between rows. However, the DMS test at 0.05 level shows
significative differences for forage and grain sorghum, and that the highest crop production is related to
the treatment of 80 cm of distance between rows: 22 t forage/ha, 10.45 % C V; and 1.5 t grain/ha, 20.85
% CV. There is a discrepancy if we consider the soil water content and its availability for sorghum plants
as basis for the consecuent plant response. This year of experience give us a strong indicator to evaluate
the treatments during a major number of years.
Literature Cited
(1) Anaya, M. 1981. Research methodologies for in situ rain harvesting in rainfed agriculture. In: Dutt,
G. R., C.F. Hutchinson and M. Anaya (Eds.). Rainfall collection for agriculture in arid and
semiarid regions. Commonwealth Agricultural Bureaux, pp. 43-48.
(2) Lopez M., J. D. 1992. Validation of maize varieties under deficient moisture condition in the soil. IV
International Conference on Desert Development. México City. p. 170.
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Productivity of Various Cropping Systems Under Fertility
Management Conditions in Agra Region
Ramendra Singh, and O.P. Rajput. Indo Gulf Fertiisers & Chemicals
Corporation Ltd., New Delhi, India. C.S.R. (ICAR), RBS College, Bichpuri, Agra,
India.
Introduction.
Agra region of Uttar Pradesh has 62 per cent
irrigated area and 152 per cent cropping intensity.
The
predominant crop sequences in the region are ' pearlmillet-wheat',
'pigeonpea-wheat'
and
'sorghum
(fodder)-mustard'.
Where
irrigation i s available/ 300% cropping intensity i s possible.
But
crop productivity of these cropping systems is very low.
Of
t h e various input resource constraints; a sub-optimal and irnbalanced
fertilizer-use i s responsible for low crop productivity.
However/
t h i s and other aspects of cropping systems need more field t r i a l s .
The objectives of the present study are: (i) to compare economics
and practical feasibility of 200 and 300 per cent cropping intensity/
(ii) to compare fertilizer doses based on soil-test/ general
recommendation and farmers' practice of the area under study/
and (iii) to determine the productivity gaps between ' on-research'
and 'on-farm' conditions.

Materials and Methods.
The experiments were conducted
under irrigated conditions at three locations on farmers' fields/
one each / in district Agra / Etah and Aligarh and on-research
station under Cropping Systems Research (ICAR) at R.B.S. College/
Bichpuri (Agra) during 1992-93 and are s t i l l in progress for
1993-94.
The treatments comprised of 6 crop sequences viz. (i)
pearlmillet- wheat/ (ii) peralmillet-wheat-greengram / (iii) sorghum
(fodder)- mustard/ (iv) sorghum (fodder)-mustard-sunfLower/
(v)
pigeonpea- wheat/ and (vi) pigeonpea-wheat-cowpea (fodder) in
main plots/ and 3 fertility levels i . e . (i) soil-test based fertilizer
doze/ (ii) general fertilizer recommendation and (iii) farmers'
practice of the area/ in sub-plots/ were compared in ' s p l i t plot
design' replicated 4 times.
The soil of the experimental fields
i s alluvial soil of the Ganges and Yamuna Duab having sandy loam
texture. The pH of the soil ranged from 7.8 to 8 . 1 . It was low
in nitrogen medium in phosphorus and high in available potash
status.
The annual rainfall of the experimental area varies from
600 to 650 mm.
The grain and green fodder yields of various
crops in all the cropping sequences were converted into wheat
yield equivalent by using following relationship:
Wheat yield equivalent (q/ha) =
yield of component crop (q/ha) X price of component crop (Rs/q)
Price of wheat grain (Rs/q)
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Results and Discussions.
The results of studies conducted
under two different situations i . e . ' on-research' and 'on-farm 1
during 1992-93 have shown that imbalanced and low fertilizer use
in the crop sequences under test was one of the major reasons
in yield gaps.
The crop productivity in 'on-research station'
t r i a l s was always higher than in 'on-farm' t r i a l s irrespective
of the fertility l e v e l s .
The other studies have also confirmed
to show the existing wide gap between the yields of crops at
farmers' fields and research farms (1/ 2 ) .
Fertilizer application
based on soil-test or as per general recommendation generally
yielded more than that obtained under farmers' practice.
Only
in some cases, the yields were significantly higher under soil-test
based fertilizer application as compared to general fertilizer
recommendation treatments.
Higher yield due to balanced fertilizer
use on soil-test basis as compared to sub-optimum levels in wheat
crop has also been reported ( 3 ) .
The crop yields under
1
pigeonpea-wheat' sequence yielded significantly more in each
season than other cropping sequences.
This indicated that
'legume-cereal' sequence i s better than 'cereal (grain/fodder)cereal' sequence.
Also 200% cropping intensity allows enough time
for timely sowing and other operations.
Conclusion.
The farmers of the area having irrigation
facilities will benefit more by adopting 'pigeonpea-wheat sequence,
soil-test
based
fertilizer
application
and
better
management
practices in particular timely operations.
Literature Cited.
1 Hegde, D.M. 1990.
Paper on optimization of nutrient use
with efficient water management for higher profitability.
Project
Directorate for Cropping Systems Research (ICAR), Modipuram,
Meerut ( U . P . ) .
2 Pandey, R.K. 1990. Cropping £. stems Research Challanges
in 2000 and beyond. Farming System Newsletter 1(2):1-10.
3 Singh N . P . , Singh, Subedar and Rai, R.K. 1984.
Efficient
management of irrigation water and fertilizer in wheat production.
Fertiliser News 29(5): 17.
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Three Years Studies on Leaf Analysis and Production of
Maize (Zea mays L.) in Crop Rotation, and Several Lin
Rates on a Dark-Red Latosol at Campinas, SP, Brazil.
A.R. Dechen*, S.C.F. Dechen, Q.A.C. Carmello, F.A. Monteiro.
Esco,
Piracicaba, SI
Superior de Agricultura Luiz de Queiroz, P.O. Box 09,13418-900,
Brazil.
Introduction. Crop rotation and soil acidity neutralization are very important factors to b
considered in tropical regions, with emphasis to the increase in crop productivity and improvinj
soil chemical, physical and biological properties. These aspects are also related to the plan
mineral nutrition and crop yield. Therefore simultaneos studies of agricultural practices with soil
acidty correction and crop rotation related to crop productivity are necessary.
Materials and Methods. The experiment was carried out in a Dark-Red Latosol with pH = 4.8
and 400g kg"1 clay, 30 g kg' silt, 210 g kg"1 fine sand, and 360 g kg"1 coarse sand in a
randomized complete block (split plot) design. In order to study the mineral nutrition of maize
plants (Zea mays L.) in crop rotation treatments, the following cropping system treatments were
established: Maize continuously (M); Maize with green-manure intercropped, continuously (M
+ GM); Maize in rotation with peanut planted in the wet and dry seasons (M - P/P); Maize in
rotation with peanut in the wet season and green-manure in the dry season (M - P/GM). In the
sub-plots limestone was applied at rates of 0,3 and 6 mg ha"1, in 1982 and reapplied two years
later. Data on production of maize crops during three years, and leaves analysis of nitrogen,
phosphorus, potassium, calcium, magnesium, iron, copper, manganese, and zinc were obtained.
Results and Discussion. In the maize crop the treatment in rotation with P/GM presented the
best crop production, but it was not superior to the treatment maize continuously (M). The worst
crop production was obtained by treatment with green-manure continuously. The liming effect
on the leaves content of minerals was the following: it did not affect the concentrations of
nitrogen, iron, and zinc; increased the concentrations of phosphorus, calcium and magnesium;
decreased the concentrations of potassium, copper and manganese. The crop rotation systems
affected the concentration of the elements in the leaves, except for nitrogen and iron. The main
points are the following: (a) the mineral nutrition of the crops were affected by liming and crop
rotation; (b) three Mg ha'1 of limestone gave the maximum production of peanuts; (c) the crop
rotation systems increased maize productions.
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Maize yield and average plant nutrient concentrations as function of experimental years, lime rates and crop systems.
Yield
g.lOnr

N

P

K

Ca

Mg

S

B

Cu

Fe

Mn

Zn

2

mg

—

/0

Kg

84/85

8253a

3,72a

0,30b

1,55c

0,53a

0,28a

0,24b

19,6b

12,5a

131a

76b

29,0b

85/86

4637b

3,24b

0,30b

2,13a

0,44b

0,25a

n.d.

n.d.

11,5b

146a

76b

33,9a

87/88

5052b

3,66a

0,32a

1,90b

0,44b

0,22a

0,26a

37,1a

11,6b

168a

96a

31,8ab

0

4742b

3,58a

0,30a

2,03a

0,40b

0,16c

0,24a

28,0a

12,4a

170a

109a

32,7a

3t/ha

6498a

3,50a

0,30a

1,80b

0,49a

0,27b

0,26a

30,2a

11,8b

141a

76b

32,2a

6t/ha

6701a

3,53a

0,31a

1,76b

0,52aa

0,33a

0,25a

26,8a

11,4b

134a

63c

29,8b

M

6499a

3,51a

0,27b

2,00a

0,42b

0,22b

0,24b

23,9a

11,3a

164a

78a

30,1a

M + GM

4817b

3,50a

0,30a

1,84a

0,46ab

0,25ab

0,28a

28,5a

11,6a

140a

78a

31,9a

M-P/P

5987

3,56a

0,33a

1,85a

0,50a

0,26ab

0,25ab

27,7a

11,6a

149a

91a

31,4a

M - P/GM 6619a
3,59a
0,32a
1,77a
0,50a
0,27a
0,22b
33,2a
12,9a
Means followe,d by the same lette rs are not significar itly (P < 0.05) different by t Se Tukey test.
n.d. - not determined

141a

85a

32,9a

Forced Production in 'Navelina' Orange Growing Under
Greenhouse Conditions in Chapingo, Mexico
G. Almaguer, A. Becerril Romen, and J.L. Tirado. Department of Fruit
Science and Soil Science, Colegio de Postgraduados, 56230 Chapingo, Mex.,
Mexico.
Introduction. One of the main problem that citrus growers in
Mexico face is the low sell prices for their harvests, due to the
fact that fruit trees produce only during a short period of the
year, which is mainly determined by the effect of climatic
elements (like temperature and rainfall) on physiological
processes of the flower differentiation of fruit trees.
In the case of orange, there is fruit harvest during a part of
the year (October-may). During this period, the prices of the
fruit are so low that in many cases the costs of production are
not covered. On the other hand, in the period of June-September,
there is low fruit offer and their sell prices are high.
An
alternative to solve this problem is the management of the
trees to produce fruit in higher amounts during the period of
high prices. In particular, the manipulation of the flowering
could help to produce out-of-season fruit (may fruit) (Almaguer
et al.,
1992). Practices such as foliar urea spray, application
of CEPA treatments and water stress have been used to force the
production out-of-season of fruit species, in particular because
the nitrogen metabolism and carbohydrates level have been
correlationated with flowering in citrus
tree subject to stress
(Lovatt, 1993).
The present work had as objcetive to recognize some nutrition
factors related to enhance out-of-season flowering of orange
trees.
Materials and Methods. The experiments were established under
greenhouse conditions. The vegetal material utilized was 2-yearold 'Navelina' orange trees in 20-liter pots. The treatments
applied were CEPA 500 ml L , ASA 10 _2 M, foliar Urea 60 g L *- and
six weeks under drought at -2.5 MPa and control. Ten trees per
treatment were established in a randomized blocks experimental
design. Number of flowers, number of sprouts, and total N,
reduced nitrogen, sugar and prolin concentrations were measured.
Results and Discussion.
Flowers. Water stress increased
flowering considerably, up to 300 % compared with the control.
For the trees with CEPA the number of flower was lower than for
the control. These results agree with those obtained in Mexico by
Soto et al.
(1993) and De la Cruz et al.
(1993), did not obtain
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increase of out-of-season flowering with CEPA 500 ml L~x and
Almaguer et al.
(1992) that combined removal of fruits in april
with applications of CEPA at 500 mg L
obtaining good results:
but when they applied CEPA at different rates, without
fruit
removal, there was no significant increase in the may yield.
The foliar Urea and water stress had higher flowering than the
control. These treatments had the highest level of total and
reduced nitrogen, sugars and proline. Lovatt (1993), reported
that plants previously subjected to stress, accumulated ammonia
which resulted in an increase of the biosynthetic activity de
novo of arginine. Arginine has been shown to be important as the
principal route of synthesis of poliamines; these experiences
suggest that stress is necessary to increase floral production,
because it affects the nitrogen metabolism which may be is
enhanced by foliar Urea sprays.
Literature Cited.
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Forced Flowering in Mangifera indica L. of Sinaloa, México
C. Guzmen. Campo Experimental Sur de Sinaloa, CIRNO, INIFAP, SARH,
Apdo. Postal 85, CP 82000 Mazatlan, Sinaloa, México.
Abstract. In Sinaloa the mango's harvest is from June to august and coincide
with Colima, Jalisco and Nayarit, like Florida (USA), This situation oblige to
the productor to receive low prices; treating to resolve with technics that
allows amplify the period of harvest motiving or fomenting and eliminating the
flowering. The preflowering have been obtained with 1 to 2 sprays of KNO3 h% at
the ending the rain season in October, moving forward the harvest from lo to
65 days. In the postflower ing was delayed the harvest, until kO days with three
sprays of KNO3 5t, thus when was eliminated handly or decapitated the inflowering and spray KNO3 k%. The urea 0.3% addition plus ethrel 200 ppm, favoring
the translocation of KNO3.
Introduction. Mexico occupy the second world place as a mango productor, whose
production is obtained from 119 thousand hectares and in whose was cultivated
mainly 'Manila, Tommy Atkins, Haden, Kent and Keitt' mangos. One of the most
important problem is the short harvest period that is of 3 to k months, situation that brings preocupation in the 12 thousand hectares occupied with this
specie in Sinaloa State, whose is situated over the cancer's tropic and where
the harvest is from may to august. This oblige to the productor to receive low
payments for their fruit, resolving in certain way through exogen regulators
of growing that motive or foment, hinder, to be late or eliminate the flowering.
In Philippines (1) and in other countries is sprayed KNO3 tostimulate the mango's flowering. Mean time in Sinaloa is treating to amplify the harvest period,
interceding the spray of agrochemicals in pre and postflower ing of mango.
Materials and Methods. The studies were carried in commercial orchards of 9 to
14 years old, that dispose water only in rains season that is from July to October. The experiments were localized at Escuinapa, Mazatlan and Concordia, at
k to 180 meters high over sea level, 22°50' to 23°16' north latitude and 105"
47' to 106°15' west longitude; with a Aw climate, total annual rainfall from
800 to 125^ mm and annual half temperature from 24.1 to 24.8 0 C. In preflowering
were compared the potassium and ammonium nitrate, ammonium sulphate and urea in
concentrations of 0.5, 1, 2, 4, 6 and 8%, so ethrel to 250, 500, 750, 1000,
1250 and 1500 ppm; and other work of mixtures of potassium, ammonium and calcium nitrate to the concentration of 3%, urea 0.3% and ethrel 1000 ppm. In post
flowering, in total flowering was eliminated handy and mechanical the flower,
was spray KNO3 5% and was applied to soil 2.5 kilograms of KNO3 by tree, and the
combination of both treatments; in other experiment, in normal fructification pha
se was spray KNO3 5% until in three occasions to the same trees group. The evaluation was fulfilled in base to fruits and flowering, and statistical analysis.
Results and Discussion. In Preflowering knowing the kindness of some agrochemicals, was encountered that the major mango 'Manila' yielding was manifested spra_
ying N H ^ l ^ to 4% and in mango 'Haden' was with KNO3 to 8%, this latest owed to
the major moor of fruits were obtained with this concentration
influenced by
drought. In the agrochemicals mixtures was determinated to improve the effirien
cy of KNO-, or NHi4NÜ3 to force the flowering is necessary to add urea 0 3 ' + ethrel 1000 ppm, although the ethrel can be lowed until 200 ppm because bnth oro-
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ducts aids in the translocation of potassium and ammonium nitrate. With the
conjuntion of both technicals was obtained to forward until 65 days the mango
'Manila' harvest, from 33 .to kk days in 'Haden' and from 18 to 28 days with
'Tommy Atkins', tn the Postflower ing was determined when was eliminated handy
the inflowering, emerged 2 to 3 panicles and with the mechanical elimination
were from 3 to 5 inflorescences; finding that was not presented statistical di_
fference among the treatments, except with the witness and as much, is recome£
ded spray KNOo to 4%. In the same postflower ing, was observed that is possible
the flowering in vegetatives buds that was differentiated in reproduction, but
by certain causes eliminated the flower or the little fruit; obtaining the pos_
tflowering
spraying KNOj to 5% until three occasions, in periods of 12 to 15
days, in the normal fructification phase that coincide with the drough period
and as much, this biological phenomenon will be obtained obsolutely if it would
dispose water for irrigation. Eliminating mechanicaly the inflowering and spra_
ying KNO3 k%, or well to fulfill until three sprays of KNO3 SI,
is possible to
delay the harvest until *l0 days. Concluding that the preflowering could be manifested spraying KNO3 or NH^NO^ + Urea 0.3% + Ethrel 200 ppm, at ending
the
rain season, obtaining forward the harvest of mango 'Manila, Haden and Tommy
Atkins' from 18 to 65 days. The mangos harvest could delay until ^0 days decapitating the inflorescence and spray KNO, h%, or to fulfill three sprays of
KNO, to the trees in fructification in the drought period.

Literature Cfted.
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Soil Constraints on Citrus Production in
Tabasco.1
R. Rodriguez L Pastrana, M. Rodriguez, V. Gonzalez and D. Sanchez.
Citrus Program, Instituto Nacional de Investigaciones Forestales y Agropecuarias (INIFAP), 86400 Huimanguillo, Tabasco, México.
Introduction. Citrus, mainly oranges and lemons, occupy 20,000 ha in the state of Tabasco,
ranking fifth nation wide. Ninty percent of this area (18,000 ha) is located in the savanna in
Huimanguillo county, where average yields are bettween 10 and 12 ton/ha; low, compared
to Brazil or the United States were the average is 22.0 and 36.0 ton/ha respectively. This
low production level is attributed to soil constraints and to crop manegement practices
which are deteriorating the soil.
Materials and Methods. This study was carried out in the savanna region ot Huimanguillo
in the state of Tabasco, Mexico. In this area climate is clasified as Af(m) with 2,200 mm of
annual rainfall and 26.5°C average annual temperature. The hilly landscape has a sandy-clay
texture on the surface and clay bellow. The soils are acid and low in natural fertility; they are
classified as Ultisols, Pastrana and Meléndez (2). The study was done from june to august
of 1993 following the on farm research methedology described by Tripp and Wolley (3),
which consists of five steps: 1. Soil problem diagnosis, 2. Formulation of a research
problem, 3. On farm experiments, 4. Result evaluation and, 5. Recomendation and difusion
of technology. The soil problem diagnosis consist of three phases: 1. Recolection of existing
secondary crop information (statistics, credit, list of farmers, etc.), 2. Direct farmer interview
in order to get accuainted information on management practices: macro- and micronutrient fetilization, liming, disking; as well as yield (ton/ha) and direct data collection on soil
depth, compaction, pH measurments, and 3. Information analisis to identify problems
according to their importance, describe cause-effect relationship and list the posible
solutions arrowned which the research program will revolve. Advances are presented on
soil problem diagnosis.

Results and Discussion. Of the 18 main problems detected in citrus production, those
related with soil are among the most important. High soil acidity. One hundred percent of
the sampled area has this problem since pH lies in the critical range, 4.0 to 5.5 pH; they
have high aluminum saturation (40%-70%) and 71% of farmers do not lime. The cause-effect
analisis revealed that the problem is due to an excesive loss of interchangable based due
to lixiviation by heavy rainfall, soil erosion and plant extraction, together with exesive
acidifiying nitrogen fertilizer application in 93% of the sampled area. The high soil aluminum
saturation is a symptom of two larger problems that are not contraled by individual farmers:
1. no surface runoff control and 2. deficient soil managment. Similar results where obtained
by Hibon ef al. (1) in raifed corn production in Mexico. Soil compaction or loss of soil
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structure. 75% of farmers (12,000 ha) have compaction problems. That is, the penetrometer
enterd less than 20 cm in the orchard, while it entered more than 20 cm in non-tilled soil.
The compaction causes shallow rooting (15 to 20 cm). The main cause of this problem is
the exesive heavy machinery trafic in the orchards, as well as an inherent fragile soil
structure. Soil erosion. Erosion is severe on 47% of the sampled area. The main trunk
diameter and canopy width where 13% and 16% larger in non-eroded areas compared to
eroded areas under the same management and it is estimated these areas have a 3
ton/ha/year more yield. The loss of soil in this area has been measured to be in the order
of 4.5 to 9.0 cm/year. The cause of this problem are a scares crop canopy cover, deteriorating soil structure due to exesive machinery (up to eight diskings a year) and agresive
rainfall combined with a hilly landscape. The research program includes as posible
solutions, the on farm evaluation of lime and organic matter aplications and the use of live
mulch in the tree free space with the hope of favoring good soil structure and agragation,
as well as practices to control water flow on the slopes. The posible solution to reduce the
need of heavy machinery is to test the use of medium and low powered equipment.
Literature Cited
1. Hibon A., Triomphe B., López-Pereira M. y Saad L. 1993. El maiz de temporal en México:
tendencias, restricciones y retos. Comercio Exterior 4:311-327.
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Introduction. Available water is a major factor influencing forage
productivity and quality in the tropics. In Venezuela, savanna
ecosystems devoted to beef production cover an area of 27 million has.
In those regions, 85% of the total annual rainfall occurs mainly from
April to October, with a dry season that varies from 4 to 6 months.
The introduction of improved grass/legume associations have shown to
be an effective way to increase nutrient availability in savanna
soils,
and consequently,
pasture
productivity
(1). Therefore,
assessment of water relations in that kind of plant association would
have a great impact in selecting species combinations with a high
water use efficiency under drought conditions. The objectives of the
present study were to study the pattern of water uptake in selected
tropical pasture legumes during a dry period, and to evaluate this
parameter when grown with an associated grass.
Materials and Methods. Four legume species ( S t y l o s a n t h e s hamata,

Centrosema

pubescens,

C.p.

and

Pueraria

phaseoloides,

P.p.)

S.h.;

were

cultivated pure and associated with a grass, Brachiaria
humidicola
(B.d.)
on an oxisol. Native soil fertility and texture in the top 20
cm were as follow: pH: 5.2; organic matter: 1.5%; Bray II P: 10 ppm;
texture: sandy-loam. Plot size was 2 x 6 m and row spacing was 10 cm.
Associated plots were established by sowing seed of the two species
in alternate rows. The experimental design was a randomized block with
three replicates. Access tubes were placed in the center of each plot,
and soil water content was measured at 10 cm intervals from 15 to 85
cm depth, by using a neutron moisture meter. Measurements were made
every two weeks from November 20 1992 (end of the rainy season) to
March 17 1993 (end of the dry season). Water uptake comparisons of
treatments were studied by calculating the difference in soil water
content between the two above dates, and expressing it as a percentage
of the initial water content.
Results and Discussion. Volumetric soil water content at near
saturation was about 28% and 23% for 0-45 cm and 55-85 cm,
respectively. Wilting conditions were around 11% and 15% for the same
depths. For all species, soil water content at the end of the wet
period was slightly lower than saturation conditions. By February 19
1993, soil water content was at or below wilting point. At the end of
the experiment (March 17th), soil water content varied from 10% to 15%
in S.h.
alone, and a range of 5-10% was observed for the other
treatments. At 15 cm depth, a reduction of water content between 7075% was observed along the dry period for all treatments. At 35 cm,
reductions in soil water content were still above 50%. When species
were cultivated as a pure culture, soil water differences below 35 cm
were marked among them. Although a decrease in soil water uptake was
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observed with depth, that reduction was more evident in S.h.
than the
was about
other species. For example, at 55 cm, water uptake by S.h.
40%, whereas a value of 60-70% was observed for the others. Such
differences were still maintained at 85 cm. At this depth soil water
reduction was less than 30% for S.h.
and around 55% for the other
species. The highest reduction in available soil water through the
profile was observed in B.h.,
followed by P.p. When species were grown
in association, the proportion between grass and legume during the
experimental period was about 3:1, 2:1 and 1:2 for B.h/S.h,
B.h/C.p
and B.h/P.p
respectively. In general all associations showed a lower
soil water uptake than the grass alone, except for B.h/P.p
where a
higher water uptake was observed at 25-45 cm. In this association,
values of soil water reduction below 45 cm were intermediate between
the grass and the legume alone, whereas in B.h/C.p
water uptake was
always below both species alone. Among all associations,
B.h/P.p
showed the higher water uptake along the soil profile. The association
B.h/S.h
behaved as B.h. alone, due to the very small proportion of the
legume in the pasture. Like B.h alone, the association B.h/P.p
also
kept a high level of water uptake, water reduction values ranging from
70% (25 cm) to 55% (75 c m ) . Soil water content in both treatments
varied only from 5% to 10% by March 17th.
The results of this study have pointed out that B.h has a high level
of soil water uptake, and its observed good adaptation to drought
conditions may be in part explained by its capacity to continue
extracting soil moisture well below 50 cm depth. Although soil water
reduction under P.p.
plots was apparently similar to B.d.,
soil
moisture depletion was much faster in the legume, which may explain
its early leaf decay during the dry season. This species can only then
survive because of its avoidance mechanisms of adaption to drought
conditions ( 2 ) . On the other hand, the relative slow decrease in soil
moisture observed in C.p.
may postpone leaf decay and maintain more
green biomass along the dry season. S.h.
showed an apparent high level
of root activity within the first 50 cm depth. Since the degree of
reduction in soil water uptake below that depth was relatively lower
for this species, an increased water availability may contribute to
its survival for longer dry periods.
B.h/C.p.
was the association with the lowest rate of soil water uptake
pattern during the dry season. This result may indicate that the
present species combination has a better potential to persist under
such soil and climatic conditions. This may be supported by the fact
that the highest root activity for both species was observed at
different soil depths: 0-35 cm for C.p.
and 45-65 cm for
B.h.
Literature Cited.
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Agriculture Production Trend and Potential in Southeast
Asia
Z. Karim. Bangladesh Agricultural Research Council Farmgate, Dhaka,
Bangladesh
Abstract. Souhteast Asian Agriculture is distinctly different from that of the rest of the world.
The main reason for this difference is the predominance of wetland rice in Southeast Asian
Agriculture . Many countries of the Southeast Asia have performed well in the last three decades.
The growth of total agricultural production was around 4 percent p.a in most of the countries.
But in Bangladesh growth rate was declinining from 2.7% during 1961-70 to 1.9% in 1980-85. The
cereal production during 1970-1985 made spectacular progress in most of the countries with maximum
of 4.5 percent p.a in Indonesia.
During 1965 to 1990 the yield of rice nearly doubled with the introduction of chemical
fertilizers, modern seed and irrigation technology; but the yield is now approaching a plareau. In
some countries yield started either to stagnate or to decline, altougth the use of fertilizer per
hectare of arable land has increased in most of the countries. While fertilizer use has made
considerable progress over the years, nutrients removals surpassed the addition of nutrients as
result of intensive cropping and increased agricultural production. In India on a national level,
this gap accounts for about 9-10 million tonsfN+PjOr+K^O) per annum over the years.
In Bangladesh, soil productivity is marginally being maintained through minig reserve soil
nutrients and depleting soil biomass level far below the natural equilibrium.
The countries in Southeast Asian region have been experiencing the impact of the vicious circle of
poverty, low-input , soil degradation , high population density, environmental vulnerably and
climatic stresses with predominance of small holdings and landless farmers. Although, Southeast,
Asia has great achievable potential of increasing agricultural production. The average yield
incerase of cereals coul be achieved between 4.5 tons/ha and 5.5. tons/ha. The production of
pulses and oilseeds could be increased many folds by intensifying cultivation of modern high
varieties with improved managements practices.
According to recent projections made by United Nations, worls population will reach 6.2 billion by
the year 2000 A drearge properties will be living developing countries most of then in Southeast
Asia, which is already over populared. To feed this increasing population the producti-vity
potential of Southeast Asian Agriculture needs to be achieved by a number of measures including:
(a) increasing resource use efficiency
(b) raising the irrigated crop yield plateau and reversing trends of declining productivity
(c) improving cropping systems
(d) promoving integrated use mineral and organic sources of fertilizers and ( e ) increasing
efficiency of on-farm magement practices.
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Determination Of Potential Production Of Rainfall Maize In
"The Canyons" Region Of Zacatecas, Mexico.
fl - F»e?i-«» 1 e s P
C _ Department of maize and
CEDEC INIFAP. 99600, Jalpa, Zac. México.

sorghum.

Introduction. In the Canyons regions of zacatecas, Mexico the
maize is the most immportant anual crop, because fills at
67.8% to the cropland surface, gives a occupation at 64% to
the activity population in the first sector and has been a
annual yield of 108 ton to the grain; however, it's production
depend main to the rain and to have freezing, due to the 97%
of the grain field is the rainfall (Perales, 1988). The
objectives of the front whit the present study was going to
pretend:
To characterize the areas whit different agroclimatic
potential.
To regioning the comercials genotypes of maize.
To determine the production volume of every region.
Materials and Methods.
The Canyons region of Zacatecas,
Mexico, is located in the south part of the state, between
20°07' and 22°41' of NL and the 102°37' and 103°41'55" of WL.
It's altitud over sea level oscillate between the 1000 and
2380m sea and has a prediminant the moderate climate whit
summer-hot; semi-hot whit winter cold and dry and semi-dry.
The characterization of areas with different agroclimatic
potential was made uning the description of the six ecologist
homegeneous zone reported for Ruiz (1989), this zones are
different in growth season period, (65), annual rain, mean
teperature and degrees termic.
For regionalition the comercial genotyps and determided
the production volumen for each region, was utilized to
altitud on sea level, climate and reserch is results
of maize
programe of CEDEC of 1981-1990 period and the validation is
results ( 1985-1991 period.)
Results and discussion. That ecologist zones I and VI ubicated
at the Canyons north, were the denomined by bad rainfell,
because had a lower G.S. (100-110 and <100 day), lower rain
(360 - 370 and 230-240 mm) and more altitud (1700-1900 mosl);
for the which the best maizes had the more precocious and
drouhgt tolerance whow V-209, H-204 y Cafime, this maizes in
this contitions had to a potential of 2.1 ton/ha in main
(Perales, 1988).
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The zone II, is of regular rainfell o interval potential
(G.S. = 110-120 days and rain= 460-525 m m ) , in this zone the
distinguished municipality of Jalpa, Apozol north and Mornax
(north and north-west,) wherever with the H-311 y HV-313
maizes the production was of 3.2 ton/ha; this maizes had
a
water use efficiency (WUE) of 2.0, since flowering to harvest
period (Perales y Serna, 1992).
The area of height ecological potential is the located in
the zones III, IV and V, where to production represent of 7080 % to the regional volumen maize. In this zones in the
height areas was Garcia de la Cadena, Teül de Gonzalez Ortega,
Benito Juarez, Tepechitlan, Atolinga y Nochistlan north, the
H-303 y V-426 varietys with a WUE to 2.2-, was the best
maizes, whit a production to 3.4 ton/ha.
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Modelling of land production potential of maize
( Zea mays L.) in different zones in Mexico
J.D. Gomez', and E. Van Ranst. Department of Soils, Universidad Autonoma
Chapingo, 56230 Chapingo, Mex., México., International Training Centre for Postgraduate Soil Scientists, University of Ghent, 9000 Ghent, Belgium.
•

Introduction. Since maize is the most important food crop in Mexico, a functional model for yield
prediction would be a useful tool in land use planning, on the basis of available soil, landscape,
climate and management parameters in order to forecast the performance of maize throughout
Mexico.
Materials and Methods. Seven maize producing sites across Mexico were selected, representing
a climatic range from semiarid over temperate subhumid to tropical subhumid and covering
different soil and management conditions.
The methodology considers three different hierarchically ordered production situations.
In the first production situation, the radiation-thermal production potential (RPP) or potential
irrigated yield was calculated for each site, based on the crop growth model of the "FAO
Agroecological Zones Project" (2), based on crop specifications, temperature and insolation.
In the second production situation, the climatic production potential (CPP) or potential rainfed
yield was calculated, considering the influence of moisture availability based on the relationship
between relative yield decrease and relative evapotranspiration deficit (1).
In the third hierarchical production situation, the land production potential (LPP) or predicted yield
for each site has been calculated using an equation in which the effect of climate, management
level and the supplementary reduction as a result of soil constraints on crop yield have been
combined and is presented by the fallowing equation.
LPP = CPP*(Sy*My)
where
LPP = land production potential (kg dry matter ha"1)
Sy = relative yield decrease due to soil constraints using the soil index for 7 soil characteristics calculated with the land
evaluation parametric approach (3)
My = relative yield decrease due to management level

Results and Discussion. The results are summarized in table 1 where the radiation-thermal
production potential (RPP) calculated for the different sites and its varieties shows differences as
function of several factors: length of crop cycle, average radiation, mean temperature, day
temperature among others.
Whit the exception of Durango, the climatic production potential (CPP) in all the sites are close
to the RPP, which means that the availability of water is not a serious constraint to the production
potential. But almost in all the sites the calculated water limited yield levels are still considerably
higher than the yields actually obtained by the local farmers, this suggest that the actual production
potential can not be explained by water shortage alone.
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Table 1. Predicted and observed yields of rainfed grain maize in the different sites
SITE

Chapingo
Comitan
Durango 1'
Durango 2"
Cd. Guzman
Silao
Tapachula
Toluca

RPP
kg/ha

CPP
kg/ha

6868
7439
6180
6180
7324
7393
5796
7234

6422
7134
3645
3645
7089
7051
5796
6749

My

0.9
0.7
0.9
0.7
1.0
1.0
1.0
1.0

l.PP
kg/ha

sy

Observed
yields
kg/ha

Storie

Square
Root

Storie

Square
Root

0.71
0.89
0,79
0.79
0.73
0.76
0.84
0.63

0.71
0.90
0.84
0.84
0.76
0.78
0.88
0.69

4104
4444
2592
2016
5175
5359
4869
4232

4104
4494
2756
2143
5388
5500
5100
4630

3000
2500
2000
1000
6000
4000
5000
3500

machinery and fertilize
" animal traction without fertilize

The limiting effect of soil properties expressed in a soil index (parametric Storie and Square root
methods) (3) and of management are incorporated as yield reducing effects to the climatic
production potential (CPP). The result is expressed as a land production potential (LPP).
A comparison between these predicted yields and reported yields for maize is graphically
illustrated in figure 1, and shows a fairly good agreement. This suggest that the proposed model
is useful in assessing the land productivity and allows an evaluation of the impact of the
considered land characteristics on crop production.

I
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Toluca

Figure I. Graphic comparison of predicted and observed rainfed grain maize yields for the different sites
Conclusions. The model that determines the land production potential, taking into account
environmental conditions and management practices of local farmers, is a useful tool to assess
yield potential and to quantify the major constraints in different areas. This allows an estimation
of the required inputs to optimize the land productivity.
References.
(l)Doorenbos, J. and A.H. Kassam, 1979. Yield response to water. FAO irrigation and drainage
paper 33, FAO Rome, pp 101-104.
(2)FAO, 1979. Report on the agro-ecological zones project. Vol. 1. Methodology and results for
Africa. World soil resources report 48, FAO, Rome.
(3)Sys, C.,E. Van Ranst, and J. Debaveye, 1991. Land evaluation, part I and II. ITC, University
of Ghent, Belgium.
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Pigeon Peas (Cqjanus cajan): An Alternate Crop to Dry
Beans Under Drought and Insect Pest Hazards
J. Ruiz-Vega. Department of Natural Resources, CIIDIR-IPN-Oaxaca, 68000,
Apdo. Postal # 674, Oaxaca, Oax. Mexico
Introduction. In the Central Valleys of Oaxaca Region the main limiting factors for the
production of dry beans (Phaseolus vulgaris), a staple crop, are drought and insect pests
such as leaf hoppers (Fmpoasca sjap.) and mexican bean beatles (Fpilachna varivestis).
Either one of these factors may reduce the crop yields to the extent of zero. Therefore, it
is necessary to find alternate crops which have to be a good source of protein and tolerant
to drought and insect pests(4). Pigeon peas are reported to be tolerant to both drought
and insect pests (2).
In 1986 the first pigeon pea varieties were evaluated in the region. These varieties were
provided by The International Centre for Research in the Semiarid Tropics (ICRISAT). The
most outstanding varieties were ICPL138 and ICPL161, which averaged over two locations
yielded 1290 and 830 kg/ha, respectively. On the other hand, mostly due to drought, dry
beans produced only 155 kg/ha (5).
Materials and Methods. Data from field experiments conducted under rainfed conditions
during three years are presented. In order to evaluate the stability and profitability of seven
cropping systems, four field experiments were conducted during 1987 . The cropping
systems evaluated included maize (Zea mays)- pigeonpeas, maize-castor beans (Ricinus
communis), maize-dry beans and the maize and dry beans monocrops (3). During 1988
two experiments involving three pigeon pea varieties and three plant populations were
conducted (4). Dry beans yields were estimated from nearby plots. An experiment designed
to evaluate the advantages of the maize-pigeon peas and maize-dry beans cropping
systems was carried out in 1990 (1). All the experiments above mentioned were
estabilished in a completely randomized block design i'~ing four replications. The size of
the harvested plots per treatment ranged from 9-12 m .
Results and Discussion. The tour experiments established during 1987 showed that the
association maize-pigeon peas had the lowest coeficient of variation of net income among
sites, while the maize monocrop had the largest. Dry beans, either as a monocrop or in
association with maize had the second lowest coefficient of variation values. The highest
stability of these cropping systems was attributed to the earliness of the dry beans and to
their lower water use (3). In 1988 the pigeon pea varieties planted as a monocrop outyielded
the dry beans landrace by 95 % in average. During this year a relatively high amount of
rainfall was received, but it was concentrated in the first two months of the crop's life cycles.
As a result, dry beans suffered some water stress in the late reproductive period, but pigeon
peas were able to extract water from lower depths in the soil profile. Pigeon peas can
tolerate drought during the reproductive period if adequate rainfall amounts are received
during the vegetative period due to their large taproot and drought tolerance mecanisms(6).
Table 1 shows the net benefits, Land Equivalent Ratios (LER) and production cost of 1 kg
of protein by different cropping systems involving pigeon peas and dry beans evaluated
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during 1990. Maize-pigeon peas had the highest LER and net benefits, while the dry beans
rnonocrop had the lowest net benefits, partly due to their higher costs of insect pest control.
Producing 1 kg of protein was cheaper using pigeon peas. It is concluded that pigeon peas
planted either as a sole crop or in association with maize, are a good alternate crop to dry
beans in the area of study.
Table 1. Cropping systems and associated Net Benefit (NB), Land equivalent Ratios (LER),
and Production Cost per kg of Protein (PCP).

Cropping system

N B (N$,ha)

LER

P C P (N$)

Maize-Pigeon peas

3710.00

1.54 a *

17.78

Maize-Dry beans

2005.00

1.35 ab

27.00

Pigeon peas

2926.00

1.00 b

4.13

Dry beans

208.00

1.00 b

11.69

* Means with the same letter are not different at the 0.05 level (Tukey).
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gandul. Informe anual de investigación, INIFAP-CAEVOAX. pp. 49-55. Sto. Domingo, Etla,
Oaxaca, México.
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Effets des Techniques Culturales sur 1'Efficience des
Engrais Azotés sur les Céréales dans la Zone Sahélienne
et d'Afrique de 1'Ouest
M. P. Sedago, A. Badiane, et F. Ganry. Centre Nationale de Recherche
Scientifique et Technologique, Ouagadougou, Burkina Faso.

Dans Ie plupart des agrosystémes de la zone Sahélienne d'Afrique de 1'Ouest, la
nutrition azotée des principales céréales (mil, sorgho, maïs) est essentiellement
assurée par la mineralisation de 1'azote organique du sol. Les engrais azotés
constituent cependant un important facteur d'accroissement de la production. Leur
efficience est fortement liée aux techniques culturales utilisées, en particulier a la
nature et a la quantité de matière organique apportée.
L'utilisation de 1'azote 15N au Senegal et au Burkina montre une efficacitée de
ces engrais liée a une absorption forte de 1'azote du sol, une forte immobilisation
microbienne dans Ie sol liée a un faible coefficient réel de utilisation (CRU) de
1'azote engrais par Ie céréales.
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Use of soil to produce food or to manufacture bricks?
The case of the Central Valleys of Puebla, Mexico.
B. Pena-Olvera', G. Morales-Pérez, and M. Tornero-Campante.
CEICADAR, Colegio de Postgraduados, Puebla, Pue., Mexico.
Introduction. In the Central Valleys of Puebla, Mexico two parallel production systems take
place simultaneously: food production (maize and beans) and bricks manufacturing; they
compete for resources. These two systems have been practiced since ancient times, over
time they have evolved and the techniques have improved. The current practices are a
combination of indigenous and adapted knowledge from elsewhere.
The agricultural production system of the Central Valleys of Puebla is characterized by the
predominance of basic crops, maize and beans, for self consumption. In many cases crop
production is not enough to satisfy family needs, to solve this problem many farmers have
engaged in brick making.
The bricks manufacturing system is a thriving economic activity linked to the fast growing
rate of the cities in the area, Mexico, Cuernavaca, Puebla, Tlaxcala and Texmelucan. New
industries and more employment in the region play an important role on the demand for bricks.
Both production systems and their interactions among them and the environment are
described in this paper.
Methodology. The study was carried out in two selected rural communities, Cocoyotla and
Coronango, located 10 and 15 kilometers from the city of Puebla. The area is 2,165 meters
above sea level, with an average of 776 millimeters of rain per year, and mean annual
temperature of 17.5°C. Cocoyotla counts with 24.5 hectare of cropland, and Coronango with
5,979 hectare. Soils are of moderate production capability used to raise rainfed crops of maize
and beans and their association. In Cocoyotla the main economic activity is bricks
manufacturing while in Coronango is agriculture.
In 1992 there were 275 furnaces for bricks in Cocoyotla and 360 in Coronango, over 3,000 are
estimated to exist in the region. A survey from the two selected communities was carried out
using a random sample of 67 families based on a questionnaire of 135 questions.
Results and Discussion. Land in Cocoyotla for crop production is scarce, there is an
average of 1/4 hectare per family, the main economic activity in Cocoyotla is bricks
manufacturing. In Coronango most people are engaged in agriculture, there is an average of
1.1 hectare per family, from where they are able to obtain 3.4 tons of maize or 600 kg per
hectare of beans. Coronango farmers obtain an average profit from agriculture of N$227.00 per
hectare per year (equivalent to US$72.00).
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Bricks manufacturing is done using family labor, only an average of 5% of the required labor is
hired. In Cocoyotla bricks produced are of a variety of types requiring high degree of skill.
Average annual production are 90 million pieces with a money value of N$15'425,449.00
(US$4'896,967.00 equivalent). In Coronango only the brick types which required less skill are
produced, they produce more then 126 million pieces per year with a cash value of
N$l 1'997,110.00 (US$3'808,606.00 equivalent).
Bricks production from both communities require to use the topsoil of 54 hectare per year, and
is associated with the emission of over 550 tons per year of sulfur oxides and other pollutants
to the air, when the bricks are cooked with crude oil.
Conclusions. Income and rentability of agriculture production is very low, N$227.00 per
hectare per year (equivalent to US$72.00), this is associated to the fact that all farmers in
Cocoyotla and 33% of Coronango are engaged in bricks manufacturing, where annual profits
average over N$30,000.00 (US$9,523.00 equivalent) per family.
The high demand for bricks and the relatively high rentability of its manufacturing, will
promote agricultural soil to be used for bricks instead to produce food.
Pollution and natural resources degradation is an important concern. It is urgently needed the
participation of private and official institutions to design and operate a program to regulate
and control soil loss and air pollution associated to bricks manufacturing activities.
Literature.
1. Ramirez. LA 1986. Chilchota: Un pueblo al pie de la Sierra Colegio de Michoacan, Gobierno
del Edo. de Michoacan, México.
2. Oliever, S.R. 1988. Ecologia y Subdesarrollo en America Latina Ed. Siglo XXI. Cuarta
Edición. México.
3. Morales, P. G. y B.Pena O. 1993. Efecto de las tabiqueras en el proceso de pérdida de
suelos en dos comunidades del Valle de Puebla. En proceso. Agrociencia. Colegio de
Postgraduados. Mexico.
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Agroecological and the change in the use of soil
M. Ortiz*, C. Ortiz, C. Juarez, M. Escalona and A. Pensado. Department of Soil
Science, Colegio de Postgraduados, 562SO Chapingo, Mex., Mexico.
Introduction. In Mexico as in many parts of the world, there are changes in the use of soil, those
changes go from agricultural to industrial use in order to attain the economic development of the
country (1). This causes competition among the different uses of soil, which results in: fewer soils
for agricultural use, soil and water pollution, changes in the uses of land and effects in the socioeconomical context of the affected population (2). According to the projections of the 2,000 year
estimated by the National Population Board, after 1990 there will be defficiencies in the calories
supply in all the country (3). This situation shows the need to plan correctly the changes of the
use of soil, by respecting the best agricultural soils, and using the agroecological zonation of crops
which serves to evaluate the potential agricultural use of soils (4).
Materials and Methods. An agroecological zonation of the Puebla-Tlaxcala valley was made
according to the Manual of Methodology to Evaluate the Aptitude of soils to Produce Basic
Crops in Rainy Conditions (4). An 80% of rain probability in corn and bean crops was considered,
and the analysis took in account a high investment level. On the other hand, a chart on
desertification by human and industrial settlements was used to know the agricultural surface that
has been lost due to the change in the use of soil. The yield that has been lost in tons and dollars,
as well as the feeding capacity of the valley in 1990 were also calculated.
Results and Discussion., The studied area is located between 19° - 19° 30' North latitude, and
98° - 98° 30' West longitude; it covers a surface of 185,785.87 ha. approximately. The results of
the Agroecological Zonation with a high investment level in Puebla-Tlaxcala valley are shown on
Table 1.

Table 1. Different kind of land surfaces for corn and bean crops with an 80% of rain probability.
Surl'ace
Corn

Kind of land
Very Appropriate (MA)
Appropriate (A)
Marginally Appropriate (ma)
Not Appropriate (N)

ha
0
7,983.8
118,522.4
59,279.3

Bean
%
0
4.0
64.0
32.0

186

ha
4,323.5
66,258.0
54,478.6
60,725.4

%
2.3
35.6
29.3
32.6

Table 1 shows that the valley is better for bean than for corn, since there are more appropriate (A)
and very appropriate (MA) areas for the former. The Puebla-Tlaxcala valley consists of 185,785.8
ha. and the 32.4% of those is affected by human and industrial settlements which are distributed by
type of aptitude of lands as shown on Table 2.
Table 2. Different kind of lands affected by human and industrial settlements.
Chart key

[ Corn

80%

| Bean

80%

Surface (ha)
MA
0
2,237.4

A
4,4989
12,583.5

ma
13,071.4
24,062.8

N
42,795.3
21,481.6

Total
60,365
60,365

According to this, it is clear that for com the Not appropriate surface its superior, however for
bean the Marginally appropriate surface dominates. FAO (1981) established a calculation of
potential yieldings of différents kinds of lands, with this information, annual losts by changes in the
use of soil were calculated. This means that if the different kinds of land affected by human and
industrial settlements were sown with corn (80%), and they were managed to produce the
potential yielding, there would be a profit from 44 to 11 million dollars/year, or, if bean were sown
(80%) in the same conditions, the profit would be from 54 to 23 million dollars/year. It is evident
and necessary to have specific areas for human and industrial settlements, but such areas should be
those of low potential production since the population of the Puebla-Tlaxcala valley is rapidly
increasing and the production is decreasing. At the present time the population of this valley is
1,952,244 inhabitants and the potential production of the current agricultural surface of corn is
from 530 to 247 thousands tons per year; and for bean it's from 20 to 10 thousands tons per year.
The feeding capacity of this valley in terms of calories and proteins was estimated with these data,
and it was found that the agricultural surface is not enough to fulfill the calories requirements of
the population, and it is sufficient for proteins provided the maximum production level is reached.
Therefore, at present the agricultural surface that still remains should be protected from human
and industrial settlements.
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producción de cultivos basicos en condiciones de temporal. Colegio de Postgraduados.
Montecillo, México.

187

Regionalization of a
contaminaded area by
metallurgical mining waster and
ist posible recuperation by
means of reforestation in the
municipality of Morelos,
Zacatecas.

Zacatecas. This is contaminating
area of approximately
1,232
hectares
the
object
of
the
present study is to regionalize
the contaminated area in accordance with the levels of contamination by metallurgical-minig
wastes called "JALES" (mounds)
F.J. Cabral
A.* R. Veyna E. a n d
carry
out
the
planting
Department
of
Agricultural 0 f different types of forestry
Investigation, School of Agri- trees with corrective measureculture.
98000.
Zacatecas, m e n t for and adequate retention
Zac. Mexico.
of sediments.
an

Introduction.
The
mine
named
"F0MENT0 MINERO EL BOTE" and
the mineral processos "Scdidaridad Minera Barones", are dedicated to exploiting and processing
mineral
deposits
of
silver
and other metal they are located
in the municipality of Zacatecas
at 1 kilometer from the capital
city
of
the
same
name,
the
activities of these two companies involve
the movement
of
large volumes of material which
is
processed
in
order
that
minerals silver lead and zinc
be separated. The waste
that
results
from
the
separation
process in deposited in mounds
of waste
around
the area of
the company generatin an ecological impact on the environment
determined
by the elimination
flora,
animal
life
soil
and
silt and mud from this blocks
streams.
In
the
area
exist
two principal stratums occupied
by a plateau
and slope comprising a total surface area of
approximately
34
hectares.
In
the
raing
this
material
is
transported
by
the
water
through
the
creek-bed,
of
a
creek and is deposited in the
lower part of the agricultural
lands of the community
named
Noria de Los Gringos, Morelos,

Materials
and
Methods.
The
area
of study
is located
in
the agricultural lands of the
community of Noria de Los Grinthe
municipality
of
gos
0f
Morelos, Zacatecas at 22°51'55"
latitude and
102°40'00"
north
latitude at any altitude
west
2280 meters over sea level
0f
an
approximate
suface
w ith
of
1232
hectares.
The
area
procedure
dutilized
consisted
surveying the area of the
in
using material published
study
by detenal, which was amplified
f r o m its scale of 1:50.00 to
i :10.000.
Afterwards
there
performed
the
work
of
was
country in tha theree agrot he
logical
wells
were
drilled
i t was proved that wxistent
an( i
vegetationin the distenct areas
contained
different
degrees
contamination
considering
0f
the density
of
the
t his
for
contaminating
material.
The
extension
was
determined
and
w i t h t he utilization of a planiand
planigraphmap
was
meter
obtained of the regionalization
whose graph includes the measurement of density of the surface
the
"JAL" (mound) to the
0f
agricultural
soil afther
this
the planting of forestal spiewas carried out in order
c ies
consider
the
perameters
t0
of
adaptability
of these trees.
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and

growth

Results
and
Discussion.
The
present
study
carried
out in
1991, in it was observed that
in the area
of
consolidation
of the material is low or null,
possesing
pendents
of
3
to
5%.
The
material
area
found
roughly stratified with thicknesses
of
"JAL" Larger
than
150 CM in 534 hectares of 50
to 150 CM in 277 hectares less
than
50
CM
in
279
hectares
and
an
occupied
surface
by
an abridgeng dyke of 142 hectares. The zone constituted areas
highly permeable. The fertility
fo the substrate is poor and
the
vegetation
coverage
is
as follows: 44 hectares without
vegetation, 58 hectareas occu92
hectares
pied
by
dunes,
of underbush 340 of pastureland
and 556 of agricultural terrain,
142
occupied
by
lihewise
of
a dam the massive
removement
and
the
accelerated
erosion
is helped
by: the
lithology,
the
structure,
the
climate,
the topograghy and the hydrography.
The damage caused by the annual
increase
in
sediments
canbe
appreciated
clearly
in
the
alluvial deposits in the form
of alluvial fans in the outher
of the stream. These
damages
are defficult to control under
the actual
conditions and in
consequence
result
defficult
to attenuate its negative offects concerning the environment,
principally
the flow of sediments and the lack of vegetation, the chemical and physical
properties
of
the
sediments
are: PH acid, LOW CIC, Poor
in
nutrints
and
M0
farming
capacity, are naceous, without
clay and with high macoporosidad
of
the
substrate.
In
these
condition the grade of fertility
is minimun and the plant germoplasma in some areas is monexis-

tent.
Considering
the
before
mentioned, organic
manure and
agricultural soil were utilized
which was mixed
and
appelied
on
the
stumps
where
species
of clolar and "Causarina" were
planted,
already
that
there
species are considered adequate
for the induction of vegetation,
ofther
four
months
realizing
the
planting
parameters
were
evaluated
as adaptability
and
growth. In the case of cedar
these was obtained 80% of survival
and
a
growth
average
of 7.15 CMS per plant, in the
causarina there was registered
a 66% survival rate and a growth
average of 8.24 CMS, per plant.
Based on the previous results
it
was
concluded
tha
there
should
be
constructed
works
of retention such as terraces
and "Gabiones", in the depositsof
waste
of
metalliugical
mining
named
"JAL". Likewise,
there
should
be
carried
out
complimentary
works to induce
vegetation
to
grow
in
these
places. There should be reforestation
and
implementation
of
trees
planted
so
that
they
form
wind
breaking
curtaing
in the agricultural areas damaged,
utilizing
organic
soil
to improve
the sustrate
with
the result
of increasing
the
possibility
of
survival
of
the native spicies and induced
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Equilibrium
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residues and the prevention
and control of the contamination
of
the
atmosphere.
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Performance of Rice Cultivars Along the Upland/Inland
Swamp Continuum in M'be Valley, Cote d'lvoire
S. Diatta and K. L. Sahrawat. West Africa Rice Development Association
(WARDA) 01 BP 2551 Bouake, Cote d'lvoire.
Introduction. Rice culture, especially in West Africa, occurs not in idealized
rice paddies, but along a toposequence or continuum consisting of diverse upland,
hydromorphic (transition) and lowland swamp ecologies. This diversity of
ecosystems is called the upland/inland swamp continuum. The continuum varies
through both space and time. The different soil types and lands as function of
water regime greatly affect nutrient behaviour and availability and growth of the
rice plant. The understanding of nutrient x water interaction is central to
developing better soil and crop management strategies. We evaluated the
performance of upland and lowland rice varieties in the hydromorphic zone of the
continuum to select those which give high and stable yields under varying soil
fertility and hydrology conditions.
Materials and «ethods. A field experiment was conducted in 1991 to test the
performance of two upland cultivars (short duration IAC 164 and medium-duration
IDSA 6) and two lowland cultivars (Bouake 189 and IR 5931-110-1 both medium
duration) were grown along the continuum, with and without fertilizers. The
experiment consisted of three blocks each measuring 120 x 40m, oriented
vertically across the continuum with an average slope of 1-3%. The experimental
design was split plot with cultivar in the main plot and fertilizer in the subplot. The fertilizer rates were 150 kg/ha NPK (10-18-18) at planting and 100
kg/ha of urea applied in equal splits at tillering and at flowering. Water table
depths were measured 3 times a week from March to December. Soil moisture was
monitored weekly. Root distribution was measured along the continuum.
Results and discussion. Regression of grain yields against water depth revealed
a positive response to the rising water table, with IAC 164 responding least and
Bouake 189 most (Fig. 1 ) . The lowland cultivars consistently give the highest
yields in the hydromorphic zone. Shallow water table and high gravimetric soil
moisture had a positive effect on their growth and grain yield of the two upland
cultivars tested, IDSA 6 seemed well adapted to hydromorphic condition but IAC
164 reacted poorly to excess water. The lowland variety IR 5931-110-1 yielded
poorly in the upland zone but performed well in the hydromorphic zone. Drought
stress reduced the effect of fertilizer on grain yields in the upland zone. Root
distribution was influenced by water table depth and roots were generally
constrated in the top 30 cm of soil but extended to a depth of 60-70 cm when the
water table was over 50 cm below the surface. The root distribution patterns were
different for the upland and lowland cultivars.
These results confirm the greater plasticity of upland rice plant types over a
range of soil moisture regimes. This suggests that, under hydromorphic conditions
where the water table varies greatly over the years, risk-averse farmers would
prefer to plant upland types. Although farmers adopting this strategy would not
maximize their yields in years when rainfall was high, they would avoid crop
failure when rainfall was poor.
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L a Erosion Hidrica Asociada a los Incendios Forestales
Yolanda Chavez Huerta y Gerardo Carmona Carranza. Investigadores
CIPAC-INIFAP-SARH.

del

RESUMEN. Los incendios forestales son muy frecuentes y causan
graves problemas de erosión, infiltración y escorrentia. Durante
dos anos se hicieron cuantificaciones en lotes de escurrimiento,
en un bosque con cobertura arbórea mayor del 85 % con areas
incendiadas y naturales en diferentes pendientes. Los resultados
muestran diferencias hasta del 800 %. La disminución de la
erosión y de la escorrentia tienen una alta correlación con el
aumento de cobertura herbécea y de mantillo orgénico. Los
resultados son extrapolables a gran parte de las Sierra Purépecha
INTRODUCCIOH. El fuego, puede ser una herramienta silvicola si es
controlado o provocar problemas de erosión y disminución de la
infiltración en las cuencas hidrológicas si se convierte en
incendio. Michoacén ocupa el segundo lugar a nivel nacional, en
numero de incendios y superficie afectada. Las cifras varian,
siendo la media de alrededor de 13,500 ha/ano, dentro del Estado
es el Distrito de Uruapan la zona donde hay mayor frecuencia y
dano por incendios forestales, en 1991 ocurrieron alrededor de
400 que afectaron casi 5,000 ha. En el presente estudio se
cuantificó la erosión hidrica, la escorrentia superficial y se
dedujeron los cambios en infiltración que ocurren en
suelos
forestales sometidos a incendio.
METODOLOGIA. Dentro del Campo Experimental Forestal Barranca de
Cupatitzio, en el Municipio de Uruapan, Mich, se seleccionó una
area experimental de 7300 m2, con clima C(w2)(w)(b)ig; con litolo
gia bésica extrusiva; cuyo suelo es Vitrandept de la Serie
Cupatitzio y Fase Arena profunda; la ve.,etación es bosque de pino
encino (Pinas lawsonii
con algunos ejemplares de P. uichoacana
y
otros de Quercus spp.),
con cobertura arbórea mayor al 85%, herbé
cea del 100 % y hojarasca del 100 % con un espesor de 15-35 cm;
sin evidencias de escorrentia superficial y erosión impercepti
ble. Con un diseno de parcelas subdivididas por el porcentaje de
pendiente (6 y 12 %) se aplicó un incendio experimental, se construyeron lotes de escurrimiento (32 m2) distribuidos en las zonas
quemadas, en las no quemadas y en las diferentes pendientes. Se
hicieron lecturas periódicas de los volumenes y de agua y sedimen
tos escurridos en cada lote durante dos anos, con la misma
periodicidad se midió el porcentaje de cobertura herbécea y de
lojarasca. Con los resultados de escorrentia y sedimentos se
licieron correlaciones y curvas de tendencia entre porcentaje de
:obertura herbécea contra escurrimiento y sedimentos y porcentaje
Ie cobertura del mantillo contra escurrimiento y sedimentos.
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RESULTADOS Y DISCUSION. El anélisis de varianza de los datos del
experimento, nos muestra que no hay diferencia significativa
entre los tratamientos con 6 y 12 % de pendiente; que las
diferencias entre tratamientos "quemado" y "sin quemar" son
altamente significativas y que las interacciones incendio con
pendiente también tienen diferencias altamente significativas.
Esto en términos précticos significa que en el aumento de
escurrimiento superficial y de sedimentos es mucho mas importante
el disturbio causado por el incendio que la diferencia de
pendientes, o dicho de otra manera NO importa que el érea tenga
poca pendiente, si pierde la cobertura herbécea y el mantillo
orgénico, aumentaré el volumen de escorrentia y habra erosión.
Al graficar la producción de sedimentos acumulativa
por
hectarea también hay una diferencia muy notoria entre los sitios
guemados y los naturales, pues mientras estos ültimos se
mantienen practicamente en cero (al final del ano se han perdido
de 19 a 20 kg/ha), en los sitios quemados tenemos una pérdida de
suelo de 15.6 ton/ha. Las diferencias mas drésticas estan en el
escurrimiento promedio acumulado; después de los primeros
aguaceros, tenemos 21.8 m3 en los sitios quemados contra 3.1
litros en los sitios conservados y al término de la temporada de
lluvias las diferencias son de 740.9 m3 contra 6.7 m3/ha; los
datos se toman alarmantes cuando consideramos que la diferencia
(740.9 - 6.7 = 734.2 m3/ha) representa el volumen de agua por
hectarea que NO se infiltra para alimentar los manantiales.
Para encontrar las causas de los cambios en escorrentia y
sedimentos se hicieron correlaciones con los datos de cobertura
herbécea y cobertura del mantillo orgénico, los resultados nos
dicen que hay relaciones directas (r=.90 y r=.91) entre el
porcentaje de cobertura herbacea y el volumen de sedimentos, y el
porcentaje de cobertura herbécea y el volumen de escorrentia y
que estas relaciones son significativas al 99 %.
También se calcularon las correlaciones del mantillo Vs. los
sedimentos y Vs la escorrentia superficial y resultaron del 65 y
76% respectivamente (r=0.65, r=0.76), y con una confiabilidad
ligeramente superior al 90 %.
CONCLUSIONES. Los incendios forestales tienen un efecto negativo
en los suelos y en la infiltración. Durante el primer ano la
erosión hidrica en las zonas quemadas puede aumentar hasta en un
800 % respecto a las naturales y el escurrimiento superficial ser
mas de 100 veces mayor en las areas quemadas. Las pérdidas de
suelos y la escorrentia disminuyen en función del aumento del
porcentaje de cobertura del sotobosque y del mantillo orgénico.
El érea experimental es representative (en fisiografia, clima y
vegetación)
de la Sierra Purépecha; como el Vitrandept es el
suelo menos erodible de todos los de la region (exceptuando los
pedregales), los datos de este trabajo pueden interpretarse como
los mas conservadores para el resto de las éreas forestales de la
region citada. La infiltración y por lo tanto la recarga de
acuiferos se ve seriamente
amenazada
por
los
incendios
forestales.
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Vocación Forestal de los Suelos de la Sierra de la
Marina (Barcelona, Espana)
A. Blanco. Depto. de Silvopascicultura, E.T.S. Ingenieros de Montes,
Universidad Politécnica, Madrid, Espana
Abstract
"Sierra de la Marina" is an area of high environmental quality, which is
located n e a r Barcelona (Espafia) and it might be declared Natural Park. A study of
soil and mapping is carried out in order to recover the vegetation, which in some
s i t e s is seriously damaged.
Introducción. Es conocida la dificultad de disponer de areas n a t u r a l e s de calidad en
el entorno de las grandes metropolis por la enorme presión urbana y demografica a
que e s t a n sometidas. Ademas, cuando alguno de estos espacios ha logrado subsistir,
se ve sometido a u n a i n t e n s a presión r e c r e a t i v a que afecta particularmente a las
condiciones del suelo y de la vegetación.
La Sierra de la Marina, s i t u a d a en el entorno de Barcelona, es uno de esos
casos: actualmente se e n c u e n t r a en vias de ser declarada Parque Natural, pero una
buena p a r t e de su cubierta vegetal necesita ser regenerada y, otra, s u s t i t u i d a por
especies mas acordes con las condiciones ecológicas del area. Por este motivo, se ha
llevado a cabo un estudio detenido de los suelos y de su relación con las especies
vegetales e x i s t e n t e s , desde un aspecto dinamico, con el fin de establecer un plan
de recuperación.
Material y Métodos. El estudio de suelos se efectuó mediante un muestreo
estratificado de la region, utilizando como estratificadores las principales variables
fisiograficas y litológicas de la region (se prescindió de los parametros climaticos
por su escasa variabilidad en el ambito de estudio). Para la estratificación
t e r r i t o r i a l se aplicó el método TWINSPAN (1), basado en la ordenación en grupos
mediante a t r i b u t o s de las cuadriculas U.T.M. en que se divdió el area. La escala
de trabajo fue de 1:25.000 y el area abarcada de u n a s 20.000 Has. En t o t a l , se
establecieron 15 puntos de muestreo, recogiéndose muestras de t i e r r a en t r e s
horizontes, por término medio, de cada perfil, sobre l a s que se efectuaron los
correspondientes analisis fisicos, quimicos y organolépticos. Con dicha información
se clasificaron y cartografiaron los suelos segün el sistema F.A.O. (2) h a s t a el nivel
de
subunidad.
Paralelamente, se cartografiaron las principales asociaciones vegetales
apoyandose en fotografias aéreas y en datos colectados en el campo.
Resultados y Discusión. Las c a r a c t e r i s t i c a s h a l l a d a s de los suelos muestran una
e s t r e c h a relación con la litofacies y con la vegetación que s u s t e n t a n por orden de
importancia. A excepcion de los suelos edificados sobre pizarras,
que poseen
contenidos elevados de arcilla y limos, el r e s t o de los suelos, que se han formado
sobre granitoides,
son marcadamente arenosos, en los que , los procesos erosivos
desencadenados t r a s los incendios, progresan con rapidez.
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El tipo de vegetación es decisivo p a r a la conservación de estos suelos, no ya
por la protección que aportan, si no por la relación que t i e n e con los contenidos
humicos que r e s u l t a n esenciales para e s t r u c t u r a r y cohesionar la fracción fina del
suelo que, como se ha dicho, r e s u l t a altamente i n e s t a b l e . Ademas, dicho contenido
en humus, que actualmente es critico en algunos suelos de las v e r t i e n t e s
meridionales de la sierra, contribuye a aumentar la capacidad de retención de agua,
ya de por si muy escasa (3).
Los tipos de suelos hallados al nivel de unidad, h a n sido: Cambisoles
eiitricos,
Luvisoles haplicos, Regosoles eütricos y Antrosoles
aricos.
Del c o n t r a s t e riguroso e n t r e las c a r a c t e r i s t i c a s de estos suelos y el tipo de
vegetación que s u s t e n t a b a n , se extrajeron consecuencias respecto a las exigencias
edaficas de cada especie arbórea. Otros estudios sobre la ecologia de las principales
coniferas espafïolas (4)(5) aportaron el resto de la información necesaria p a r a el
analisis de la vocación de los suelos de la region.
Los Cambisoles eütricos son los suelos mas extendidos en el area. Las especies
mas indicadas p a r a regenerar en éllos r e s u l t a r o n ser la encina {Quercus ilex) en las
v e r t i e n t e s norte de la sierra, y el pino pifionero (Pinus pinea) en las solanas.
Los Luvisoles haplicos son los suelos de mejores c a r a c t e r i s t i c a s mecanicas y
quimicas, y se ubican en las situaciones microclimaticas mas favorables. La especie
idónea a potenciar resultó ser el alcornoque (Quercus suber). En las zonas con una
cubierta vegetal muy degradada o defectiva convendria implantar t r a n s i t o r i a m e n t e
especies a r b u s t i v a s "nobles" tipicas del bosque mediterraneo.
Los Regosoles eütricos son los suelos mas erosionados y de peor calidad del
area, con contenidos htimicos que apenas si alcanzan el 1%. Se extienden por las
v e r t i e n t e s de solana mas castigadas por el fuego. La especie idónea a utilizar en
su reforestación seria el pino piftonero (Pinus pinea), ya que crearia las condiciones
edaficas y microclimaticas adecuadas p a r a la expansion de la encina en fases
posteriores, siendo e s t a ultima especie mas acorde con la estabilidad de los
ecosistemas litorales al que pertenece la Sierra de la Marina.
Los Antrosoles
aricos son suelos muy extendidos en la region por la gan
presión u r b a n o - i n d u s t r i a l y demografica a que se ve sometida; muchos se p r e s e n t a n
sobre t i e r r a s marginales que podrian ser recuperadas para el bosque, pero por la
dificultad fisica de ser segregados de l a s areas puramente u r b a n a s y agricolas
fueron omitidos del estudio de vocación.
L i t e r a t u r a Citada.
(1) Hill, M.O., et al. 1975. "Indicator species a n a l y s i s . A divise polythetic method
of classification, and i t s aplication to survey pinewoods in Scotland". Journal of
Ecology, nüm. 63: 5 9 7 - 6 1 3 .
(2) F.A.O.-Unesco. 1989. Mapa mundial de suelos (Leyenda revisada).
F.A.O., Roma,
201 p.
(3) Blanco, A. y Sanchez P., O. 1985. "Un modelo de estimación del e q u i v a l e n t e de
humedad de los suelos". Monies, nüm. 4: 2 6 - 3 0 .
(4) Nicolas, A. y Gandullo, J.M. 1967. Ecologia de los psnares espaüoles.
I. Pinus
pinaster Ait. IFIE, Madrid, 311 p.
(5) Gandullo, J.M. 1972. Ecologia de los pinares espafioles. III. Pinus halepensis
Mill.
IFIE, Madrid, 307 p .
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Soil Erosion and Productivity
S.C.F. Dechen*, F. Lombardi Neto, H. Cantarella, S.R. Vieira, I . C . De
Maria. Institute) Agrondmico, Següo de Conservagöo do Solo, Caixa Postal 28,
13001-970, Campinas, SP, Brazil.

Introduction. Soil erosion incurs costs. Off-site costs such as those caused by pollution and
siltation of reservoirs are relatively well known and techniques exist to account for most of them.
It is the on-site costs about which far less is known. Questions such as (a) what factors cause
productivity decline when erosion occurs, (b) how does crop yield vary with erosion and with
time, and (c) can soil conservation recoup the decline in productivity, are increasingly being
asked. And it is now clear that much existing erosion research is incapable of providing the
answers to these crucial points. Soil loss in tonnes per hectare is merely an indirect measure of
the on-site and off-site damages and says almost nothing about the consequences of that soil loss
for production, yield and long-term productivity of the soil. It says even less about the potential
benefits of applying soil conservation practices. The link between erosion and loss in on-site
productivity is well-established but far from simple. Certainly the relationship between erosion
and productivity is not direct. One could even consider that loss in productivity is an unfortunate
side-effect of erosion. Nevertheless it is the major impact of erosion and deserves the closest
of attention by scientists, planners and governments (Stocking, 1984). The principal objective
of this research is to investigate the impact of soil erosion and soil productivity. To be included
in this objective are: (a) how productivity loss changes as erosion progresses and how under a
given land use the productivity varies over time? (b) what is the process whereby productivity
declines?
Material and Methods. The research is being carried out, since July 1987, at the Experimental
Station of the Instituto Agronömico in Campinas, State of Sao Paulo, Brazil, in a group of 14
field plots. The field plots are 100 m2 in size: 25 m long and 4 m wide, with a uniform slope
of 9.9% in a Dusky-Red Latosol. The collector system is composed of two concrete tanks, the
second being round and covered, with a slot divisor of the Geib type that collects one-seventh
of a total runoff. The borders of the plot and the concentrator are composed of layers of bricks
(Marques, 1951). The experiment is located in a completely randomized design with three
replications. The four erosion induced treatments are: severe, strong, moderate and slight. One
of the principal aims of the experimentation is to ensure continuous monitoring so that the
process whereby yields reduce is discovered. Then, the following experimental monitoring are
conducted (Stocking, 1985): (a) runoff and soil loss monitoring, made daily after rainfall,
measuring the amount of runoff collected and the amount of soil loss; (b) monitoring of the soil:
physical properties (particle-size, aggregate stability, infiltration, soil strenght, bulk density, soil
suction, soil moisture), chemical properties (pH, organic matter and total N, P, K, Ca, Mg,
cation exchange capacity, base saturation, available Al); (c) monitoring of eroded sediments: all
eroded sediments are sampled and analysed, for the most important parameters like organic
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matter, N, P and K; physical parameters involve particle size and aggregate stability; chemical
analyses include all those mentioned for soil remaining on experimental plot; (d) monitoring of
runoff water: the runoff water is sampled for its properties (pH, Al, P0 4 , K, Ca, Mg), turbidity
and sediment concentration; (e) climatic monitoring: rainfall amount (standard raingauge),
rainfall intensity, energy and erosivity parameters (recording raingauge), evaporation and relative
humidity. From the beginning of the experiment until June 1993, the results for accumulative
soil losses were:
Accumulative soil losses
350
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50,07
37,19
33,74
13,63
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67
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274,55
225,26
198,52
96.66

%
100
82
72
35

Average rainfall = 1,370.0 mm
Results and Discussion. As shown by the data, this first cycle of the experimentation is within
that expected, and after the seventh year of erosion-induced loss, the second experimental cycle
will be initiated with annual crops, following the methodology of monitoring.
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Validation of Hydrological and Erosion Components of Epic
Model on Agricultural Hots
R.D. Guevara G., J.L. Oropeza M., D. Rios B., and M.R. Martinez M.
Department of Soil Science, Col. Postgraduados, 56230 Montecillo, Mex., Mexico.

Introduction. This paper presents a reasearch in model in establishment the relationships of
erosion/productivity, to take as a phisical tool on small agricultural plots (0 6 ha). This information was
used in the model EPIC validation. This Work is composed of: a) Field work, that consists of one year
registration information on sediments mesured and daily runoff as rainfall; and b) Simulation work
properly.
The objetive this article is give to know a methodology of soil erosion and productivity assessment, in
older to make easy this knowledge and quick desition control.
Material and Methods. The hidrological component is predicted for daily rainfall the using SCS Curve
number equation (USDA, Soil Conservation Service, 1972).
p,

(P-0.2S)
Pt-0 . 8s

Where Q is the daily runoff, P is the daily rainfall, and s is a retention parameter, this parameter in
related to a curver number (CN).

Where 254 is a parameter, giving s in millimeters.
Peak runoff predictions are based on a modification on the Rational formula (Williams et al., 1983).
g p =(p) (r) (A)
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Where qp is the peak runoff, rho is the runoff coefficient expressing the watershed infiltration
characteristics, R is the rainfall intensity (mm/h) for the watershed's concentrations time; and A is the
drainage area (ha). Then EPIC component for water-induced erosion simulate caused by rainfall and
runoff The EPIC simulates contain three equations, the USLE (Wischmeier-Smith, 1978), The MUSLE
(Williams et al., 1975), amd Onstad-Foster (1975). Thus the model uses and equation of the form
^ 0 . 6 4 6 £ T * 0 . 4 5 ( £ > g p ) 0 - 3 3 ( J O (C) (P)

(LS)

Where Y is the sediment yield (t/ha), EI is the rainfall energy factor, K is the soil erodability factor, C is
the crop management factor, P is the erosion control practice factor and LS is the slope length and
steepness factor.

Results and Discussion The present table shows predictions of the erosion and runoff simulation of
1992 , 19993 and 1994, in the agricultural plots "Lomas de San Juan".
ANO
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15.93
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The initial component erosion validation, shows effective determination in the sediment yield simulation
(8%), with relathion to the measured. However, the values of runoff simulation showed and
overvaluation (60%) with relathion to the measured.
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Low-cost , people-participatory methods
of
conservation of soil and improvement of soil
fertility in Mozambique
U. Aswathanarayana , SIDA - UEM Project on Land Husbandry ,
C.P. 1549 , Maputo, Mozambique
The core problem in Mozambique is not the availability of potentially agricultural land
per se ( which works out to about 2.3 ha per capita) , but the extremely low
productivity ( about 0.51 / ha of, say , maize ) and ecological unsustainability of land
husbandry methods used . Sixteen years of civil war resulted in the destruction of the
infrastructure (worth about USD 5 billion ), and high dependence on food aid
( about 30,000 t per million of population per annum ). Fertliser consumption is
extremely low ( 0.8 kg of plant nutrients per ha of arable land ) , and is almost wholly
accounted for by commercial farming.
Ways and means have been designed to facilitate the use , through appropriate social
and extensional entities , of farmer-chosen , cost-effective and ecologically-sound land
husbandry practices in low-input, drought-prone situations of farming as they exist in
Mozambique . Small , family farms account for the bulk of the production of cereals
and vegetables . As 60 % of persons involved in agricultural work are women , it
follows that women have to be closely involved in consultation , planning and
decision-making in regard to the whole spectrum of land husbandry activities.
Three inter-related programme components, namely, Technical, Social and Economic,
are being proposed to conserve soil, and enhance its fertility :
Technical : A strategy of concurrent production and conservation that is proposed
to be adopted, has the following attributes : (i) Controlling soil erosion , maintaining
organic matter, moisture and physical properties of the soil , and promoting efficient
recycling , (ii) Efficient use of light , water and nutrients in the ecosystem , (iii)
Combining perennials with seasonal crops, through alley cropping of annual food
crops with leguminous and fruit trees.
(i) Soil bunds or fanya juu terraces as they are called in Kenya , are typically 10 m
wide ,and are suitable for slopes of about 4 % , with rainfall in the range of 500 to
1000 mm. Grass , trees and bushes are planted along the bund not only to stabilise the
bund but also to produce fodder , fuel and fruits. Agroforestry methods involving for
instance , leguminous trees like leucaena and albizia , are used for internal fertilisation.
Case studies made elsewhere show that leucaena hedges have the ability to reduce
runoff and erosion by as much as 95 % , and that low-cost , mulching , contour
cultivtion and grass contour hedges can virtually eliminate erosion, and increase the
crop yields upto 190%.
(ii) Experience in arid areas of Botswana shows that farming through permanent
strips is effective ( Nielson's Sanitas method ) . Permanent strips occupy
approximately 20 - 40 % of land , and experience shows that they absorb and store
moisture deep in the ground, and increase the effect of manure and fertiliser four-fold .
Choice of spacing between plants in tune with soil moisture availability , crop rotation,
and strip cropping are capable of improving the food crop and agro-forestry
productivity significantly, without requiring any major inputs . By the use of these
simple methods where the education and motivation of the farmer is the principal input,
it is possible to raise the productivity of maize by 50 - 100 % , plus fuelwood
production of at least 51 / h a .
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In due course , it may be possible to follow it up with a programme whereby the soil
fertility is sought to be improved significantly by greater use of inputs particularly
inorganic fertilisers and manure and use of irrigation . Integrating animals into
farming brings increased food and income to the farmers . Besides , animal manure in
combination with low-value crop residues and grasses, will be able to improve soil
fertility significantly . In this phase, farmers will need more extension support to
acquire new management skills, secure credit to be able to afford fertlisers and
mechanical equipment and to build small dams to impound rainwater.
Social :
Land rights are crucially important to a farmer. In Mozambique , land tenure issues are
fairly straight-forward for rain-fed agricultural land , but they are complicated in the
case of irrigated lands, for which there may sometimes be three or more claimants .
Land tenure documents either do not exist or inaccurate or insufficient ( as in ,
Chicomo B ) . While it may not be possible to solve these problems instantly , it is
necessary to keep the complications in mind while planning the land husbandry
activities.
In order to be effective , management structures to undertake land husbandry should be
based on customary social structures rather than on intervention by government
officers from outside . In this model , the community designates a natural resource
management committee which includes representatives of fanners , herders , artisans,
women , etc. A resource management plan is drawn up with the assistance of technical
advisers . The Government and the Committee then agree upon who will do what ,
how and when , and by what means . The progress is monitored and the plan is
modified as the situation demands . Experience in Kenya , Tanzania and Burkina Faso
shows that the involvement of the communities is critically important for the succcess
of the land husbandry programmes .
Economic :
Preliminary estimates go to show that land husbandry can indeed become an
economically viable activity . The cost of planting leucaena hedges ( USD 6 / ha )
and contour bunding ( USD 50 / h a ) are expected to be recovered the next year itself
through increased crop productivity ( 0.3 t / ha of maize , worth USD 60 ), apart
from other benefits such as fuelwood , fruits and vegetables . It may be noted that
contour bunding and leucaena hedges are a one-time expense , whereas the benefits
such as increased fertility and crop productivity , reduction in erosion , etc. accrue
year after year . Besides , most of the labour involved in land husbandry is expected
to be provided by the farmer and his family , and so it is not necessary for the farmer
to spend cash for the purpose .
Projected Land Husbandry scenario :
The following scenario is envisaged to implement the methodology given above : In the
process of participatory appraisal, the indigenous technical knowledge of the farmer
and the problems as he perceives , constitute the starting point. Farmers and experts
select and identify, on site , ( say , with the help of a lap-top computer ), a menu of
technical, social and economic options, from which the options that suit the farms , the
kind of crops proposed to be grown, the labour and other inputs that are available , are
chosen . Extensionists assist the farmer to implement the decisions in such a manner
that the farmer is able to increase his nett income .
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Relation to Soil Detachment at the Surface Sealing's Processes
E.A. Rienzi, and R.O. Michelena. Faculty of Agronomy, Soil Conservatiot
Buenos Aires University (1417) Argentina.
Introduction. The intensity and the extent of the surface sealing
during a rainstorm is coneecuence of a many factors, such as the
energy and intensity of the rain and the stability of the aggregates,
organic matter content, bivalentes cations, and another factors that
change with the tillage (REMLEY y BRADFORD, 1989).This circunstance
produce a modification in a initial structure, which reduces infiltration and increases the potential of water runnoff and soil eroBion
The objetive of this study was to determine the
(NEARING, 1990).
relationship between the splash and wash detachment, on the development of the surface sealing, in aggregates of two rotations on a
silty loam Typic Argiudoll.
Materials and Methods. Samples of the aggregates of the seedbed
condition in a different plots of the silty loam Marcos Juarez (Typic
Argiudoll) were taken and two rotations were selected . The site are
located in a Marcos Juarez Experiment Station of National Institute
of Agropecuary Technology, in a Cordoba province, Argentina.
The plots at the first rotation are: 1 a) pasture of alfalfa
(Medicago sativa L) 4 years old (PRPCNA); 1 b) plot of conventional
till soybean and conventional till wheat of 4 years old.
The second rotation included: 2 a) pasture of alfalfa (Medicago
sativa L), bromegrass (Bromus inermis Leyiss.), of 4 years old; 2 b)
plot of conventional till soybean and conventional till wheat of 4
years old. A old prairie was utilized as a control because this site
had not been under grazing since more than 30 years.
The intensity of the rain (55 mm/h during 40 minutes), was produce
with a drop's simulator varying the water head.
The
different erosion processes, Splash (S), Wash (W) and their
total amount, Loses (L) were sep'arated in the specially adaptated
trays of 0,20 m x 0,30 m x 0.09 m (Bradford, 1987); each 8 minutes,
and collected in an battery of seeves, dried at 105 QC and weighted.
The infiltration rate (IR) was recorded too.
Results and Discussion. Figure 1 presents the infiltration rate In
all the plots; the result of the multiple range test Duncan showed
different at 1 % in 16 and 40 minutes for infiltration rate values of
Control vs DEGMX and DEGPCNA. In the case of the pastures vs control,
the test pointed out different only at 32 minutes values.
The dinamyc in sediment concentration behaviour of particles at
range 0,147 to 0,022 mm, are shown in Figure 2; during the simulated
storm, the infiltration rate decrease and is evident that the concen-
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tration for a degradated plots (DEGMX and DEG PCNA), had a marked
increased; this behaviour in pastures and control couldn't be observed.
Relationship between the concentration and the infiltration rate
seemed to be to particles clogging the pores, but apparently is
necesary that must be presented the another particles with a compatible size.
Farrés (1979) suggested that the increment in elementary particles
coincidence whith the maximun values in splash detachment, and should
seal; however, the Figure 3
be indicate the initial at surface
showed that the maximun peak of splash rate was independent of the
elementary particles presence. Moreover, the combination of figure 3
and 1 should indicate that the development of seal's surface occur
when the detachment of particles and microaggregates of compatible
range coincide at the same period.
Conclusions. IR in the different plots was asociated with the presence, in sediment concentration rate, of particles at range 0,147 to
0.022 mm. It was found that the seal's surface in different plots
occurs when the elementary particles and microaggregates of compatible range coincide at the same periods.
Literature Cited.
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Figure 3 C: Splash composition

Simulated soil erosion and crop productivity
G. Sparovek" and Q. de Jong van Lien Department of Soil Science, ESA LQ/USP,
13.418-900, Piracicaba (SP), Brazil.

Introduction. The knowledge about the behavior of crop productivity in relation to soil erosion
and soil recoverableness on eroded areas is essential for establishing soil loss tolerance,
management decisions and conservation policy. Specific information on this subject for tropical
conditions is scarce, however some data show a very rapid rehabilitation of oxisols, even with
total removal of the surface layer (1). The objective of this paper was to establish the relation
between simulated soil removal and crop productivity for a sequence of crops on an oxisols
with two rehabilitation treatments.
Material and Methods. A field experiment of simulated erosion was conducted on a Rhodic
Kandiudox in Piracicaba, Sao Paulo State (Brazil). Soil was removed with a scraper following
the direction of the planting/harvesting rows, to obtain a continuous soil removal from 0 to
45cm. The area was divided in three plots in each of which the same sequence of crops was
grown: Maize (Zea mays) (11/89 to 3/90) Ml, Wheat {Triticum aestivum) (5/90 to 8/90) Wl,
Sunn-hemp (Crotalaiiajuncea) (9/90 to 11/90) SI, Maize (12/90 to 4/91) M2, Lupine {Lupinus
albus) (5/91 to 8/91) LU, Sunn-hemp (8/91 to 11/91) S2, Maize (12/91 to 5/92) M2, Wheat
(6/92 to 9/92) W2 and Sunn-hemp (11/92 to 3/93) S3. Plot PI (OM & NPK) received initial
manuring and liming and NPK fertilizer application at each sowing, P2 (NPK) liming and NPK
fertilization at each sowing and P3 (Control) no treatment. Fertilizing and general crop
management were done following local agronomic recommendations. Crops were harvested row
by row along the gradient of 0 to 45cm soil removal. Soil removal and relative yield relation
was established by regression analysis using an arc-tangent model.
Results and Discussion. The behavior of crop yield was very different from crop to crop
(Figure). Climatic and other yield controlling factors, such as diseases and weeds may have had
great influence, suggesting that long term experiments result in more reliable trends of crop
behavior in relation to soil removal and land reclamation. From this series of experiments some
important tendencies could be observed.
The OM & NPK yield in the first crop (Ml), removing more than 25cm (A horizon
depth) did not differ from the NPK yield with no soil removal. If we consider that liming and
NPK fertilizing is the usual cropping system, we corroborate that an OM & NPK treatment
enables reclaiming completely and instantly crop productivity, restoring it to the initial level,
even with 45cm of soil removal. The difference of these two treatments was only manuring,
indicating the great importance of organic matter on crop productivity. Although, OM & NPK
and NPK average yields get closer with time. After four cropping seasons OM & NPK and
NPK treatments show similar average yields, indicating that even conventional cropping
systems with high input and high crop residue production could restore productivity very

209

rapidly on this soil.
Control treatment did not show recovery along the time. Yield was very low in
relation to the other two treatments even with no soil removal and near zero with soil removal
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over 25-30cm. So, the usage of this soil with low input technologies and, consequently, with
lower crop cover and higher erosion rates can reduce crop productivity and residue production,
accelerating the degradation process. However, changing to a higher input cropping system
could rapidly reclaim crop productivity in these cases.
Conclusions. On the studied oxisol, high input farming systems are able to recover crop
productivity completely, even after high erosion. On low input farming systems reversible soil
degradation is expected in this case.
Literature Cited.
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Effect of Slope Length on Runoff, Soil, and Total
Nitrogen Loss From Steep Slopes in Pineapple
Cultivation
R.G. Palis, C.W. Rose and P.G. Safigna. Bureau of Soils and Water
Msnagement, Dept. of Agriculture, Diliman, Quezon City, Philippines, and
Griffith University, Brisbane, QLD, Australia.
Introduction. Severe soil erosion on steep slopes can be a major
source of pollutants to streams (i. e. nutrient chemicals, pesticides, and sediments). Cultivating steeps slopes for pineapple
production is a common practice in the coastal strip of Southeast
Queensland because it can provide a good environment for this
crop. About 70 % of pineapple produced in Queensland are grown in
areas surrounding Gympie, Australia. Controlling soil erosion in
this areas often is major problem for farmers, and rates of soil
erosion are commonly so high leading to soil degradation. The
need to gain information on erosion parameters is of great importance relative to the general management of such areas. In addition, majority of quantitative assessment of soil erosin by water
have been on slopes less than 10 % and the measurement of erosion
at steep slopes characteristics of pineapple production has
received much less attention.
Materials and Methods. The experiment was conducted at Imbil,
Gympie, Australia, 80 KM north of Brisbane, with an average
annual rainfall of 1000 mm. The area has a mean elevation of 200
ASL with mean slope variation from 24 to 37 %. The soil was
reddish brown in color and characterized of being highly leached
with substantial fraction of highly weathered rock materials
below the bleached layer.
Measurement of runoff and soil loss were made on plots with slope
lengths of 9, 15, and 23 meters having uniform width of 3 meters.
Sampling technique (Palis, 1990) and chemical analysis (Bremner,
1965) for nutrient enrichment ratios were followed.
Results and Discussion. Results show that runoff per unit area
was not significantly affected by length of slope. This is consistent with the findings by Wishmeier & Smith (1978) who stated
that the effect of slope length on runoff could either be negative or negligible. Total soil loss per unit area in each erosion
event tended to increase with increasing slope length. The relationship between soil loss (Y) and slope length (L) is well
fitted by a function of the form:
b
Y = a L
Measured sediment concentration for different slope lengths were
higher than for the estimated concentrations at the transport
limit, even using measured rill geometry (Table 1). This indicates that erosion processes other than entrainment or reentraiment must have been at work. At slope of 35 % it is plausible that processes in which gravitational forces could play a
direct role could well be involved. This gravity-aided erosion
processes at high slopes needs more investigation.
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The enrichment ratio for total nitrogen decreased with increasing
amount of eroded sediment. The eroded sediment were found to have
a total nitrogen concentration very similar to that of the original soil, resulting in the enrichment ratio of the eroded sediment in some cases being close to or slightly below unity. The
equation for all data in this experiment is better represented by
a logarithmic function of the type:
InER = a - blnSL
where SL is the total soil loss in kg/ha.
Total nitrogen loss rate per unit area tended to
slope length.

increase

with

Table 1. Measured and calculated sediment concentrations at
transport limit (Rose and Hairsine,1988) for different sites and
slope lengths.
Slope
Length
(m)

Site No.
Cml

1
Cf3

2
Cu4

Cml

Cf3

Cu4

Cml

3
Cr2 Cf3

Kg/m3
9
15
23

6.0
7.4
12.3

9.0
11.0
13.0

8.4
10.0
11.1

4.7 7.0
5.2 9.0
5.5 10.1

6.7
8.0
9.7

Cu3

___
26.3
32.1
50.1

15.2
16.1
23.0

11.0 9.0
11.8 11.2
14.2 12.9

1 - Measured sediment concentration
2 - Calculated sediment concentration at transport limit using
observations on a rectangular rill geometry measured in the field
with bottom width of 0.03 m.
3 - Calculated sediment concentration at transport limit using a
trapezoidal geometry with bottom wdith of 0,075 m.
4 - Calculated sediment concentration at transport limit using
uniform geometry.
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Predicting Crop Residue Mass Loss and Surface Cover for
Erosion Prediction and Control
D.E. Stott. U.S. Department of Agriculture, Agricultural Research Service,
USA
Soil Erosion Research Laboratory, West Lafayette, IN 47907-1196,

National

Introduction. Erosion from water and wind is a problem on many soils. One of the most costefficient ways to protect soil against water and wind erosion is to surface manage the crop residues.
The successful adoption of surface residue management systems will partially depend on knowledge
of how rapidly surface managed crop residues are broken down and lost from the field site. Such
information is needed to determine the amount of residue cover present on a field during critical
erosion periods and to aid the design of management practices that will optimize the benefits of crop
residues remaining on the soil surface. The objective of developing a computer-based residue
management decision support program (RESMAN) was to incorporate residue decomposition
knowledge with site and situation specific tillage considerations including residue burial.
Theory And Software Development. After harvest, much of the plant material remains on the
surface. If known, the initial after yield residue biomass (Mo), can be entered. Else, RESMAN
estimates it from the yield and crop information using: Mo = Y*nc, where Kis the crop yield, and ac
is the residue mass produced per unit of yield and is based on crop type. Values for a c are based on
data from the literature. RESMAN does not consider varietal differences.
Decomposition Effects. During the period of time from harvest to the following planting, the residue
on the field undergoes decomposition. To simulate the decomposition process, the "decomposition
day" concept (Stroo et al., 1989) was used. The Pullman model (Stroo et al., 1989) simulates
residue decay under constant environmental conditions using C and N dynamics. The RESMAN
model instead uses a single equation:

Mt=My*e-{R°!**EF)

(l)

where Mt and My are the residue mass per unit area on the surface today and yesterday, respectively,
Ropt is a decomposition constant for a given residue type and EF is the environmental factor
determining the fraction of a decomposition day that occurred during day t. The value for Ropt for a
given crop can be calculated from the more mechanistic Pullman model if the nutrient data is
available. Else, Ropt can be estimated from field or laboratory residue mass loss studies.
In the field, residue decomposition rates are controlled by environmental factors, especially water
content and temperature. The effects of water content and temperature on the rate of residue
decomposition were assumed to be independent of one another. To model the influence of these
factors, the following relationship was used: EF = Minimum (WFC, TFC), where EF is the
environmental factor used in Eq. 1, and WFC and TFC are water and temperature factors,
respectively. WFC is calculated as: WFC = 6/ 6opt, where 0\s the water content (g water kg-l) of
the residue and dopt is the optimum water content. The latter value was set at 3500 g water kg-'
residue. TFC is calculated as: TFC = h(J+A)2 (Jm +A)2 - ( r + / i ) 4 ] / ( ^ +A)4; where T is
the mean of the daily minimum and maximum temperatures in °C, Itn is the optimum temperature,
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and A is an experimentally derived constant. In RESMAN, lm is set to 30 °C, and an A to 0°C,
based on laboratory data. Both WFC and TFC have normalized values between 0 and 1.0
Tillage Effects. Each pass through a field with a tillage implement inverts residue under the soil
surface, reducing erosion protection. Depth and speed of the equipment operation impacts the
amount of residue buried, as does crop type. RESMAN assumes a 6 to 8 km hr-I operation speed.
RESMAN divides crops into two fragility groups: A) the relatively non-fragile crops such as corn
and small grains, and B) the fragile crops such as soybeans. To calculate the tillage effects, the
residue mass, M\ was converted to a percent surface cover Q using another set of equations. Then
Ct was adjusted to account for the impact of tillage and other management operations. Each
operation's reduction of the cover is calculated as: C = C, *pT, where /? is a crop specific reduction
factor for an implement and n is the number of times the implement is passed over the field. After
estimating the impact of tillage burial on cover, Ct was converted bact to M\.
Results and Discussion. RESMAN version 1.3 was first released in February 1990 (Stott and
Rogers). The parameters used in that version are described elsewhere. Since that time, equations
and parameters have been altered as new information has become available. Version 2.0 (1993
General Edition) was used for validation testing presented in this paper.
The algorithms contained in RESMAN were parameterized using field laboratory data. Field data
were collected specifically for validation and were used to show the accuracy of RESMAN for corn,
soybeans and winter wheat. The algorithms used to predict over winter loss of residue mass due to
microbial decomposition accounted for 97% (a = 0.05) of the variation in the field. The algorithm
converting residue mass to surface coverage explained 52, 88 and 49% (a = 0.05) of the variation in
the field data for winter wheat, corn and soybeans.
After release in 1990, RESMAN was widely distributed through various government agencies,
private companies and consulting firms with a total of 15,000 copies known to be sent out to
registered users. In 1992, due to the acceptance of this predictive model by the user community, the
algorithms used in RESMAN predicting residue mass loss here were incorporated into two erosion
models being developed by the United States Department of Agriculture. These models are RUSLE
(Revised Universal Soil Loss Equation) and WEPP (Water Erosion Prediction Project) The
algorithms were expanded to include mass loss of standing and buried residues as well as roots
(Arnold et al., 1992; Stott et al. 1993).
Literature Cited.
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USING VIDEO IMAGERY FOR GULLY EROSION
EVALUATION
J.L.Palacio-Prieto , J.López-Blanco, Institute of Geography, National University of
Mexico (IJNAM), Cd. Universitaria, CP 04510 Mexico D.F. Mexico.
Introduction. The use of "videography" as a remote sensing tool, that is the obtaining of images
using a video camera and their digital processing, has been steadily increasing in the past few years
Although its great potential, few work has been reported in relation to soil conditions and even iess,
or practically none, in the case of soil erosion.
This work aims to show the utility of large scale video images in gully erosion monitoring in the
context of a low-budget and a highly-independent procedure.
Methods and materials. Video images of a selected gully located in a representative eroded area in
central Mexico were obtained using a commercial video camera (Sony Handycam). The camera was
suspended on a 3m^ capacity balloon consisting of a sealed plastic bag inflated with Helium and
manually controlled from ground. The video equipment used in the study is available for less than
USD 1 000.00, including tape and batteries. The cost of the balloon (plastic bags and cables) were
about USD 10.00 and the Helium was about USD 60.00. In average, costs per take once having the
camera, were about USD 80.00. The images were taken during and after the rainy season (August
and December) in order to compare multi-temporal data and thus establish the gully-head retreatment
for that period. Topographic field work was previously carried out in order to define control ground
points to derive a conventional coordinate metric system to calibrate the accuracy of images. Images
were obtained from altitudes up to 95 meters above ground level, covering a maximum area of about
2 000 m2.
In order to carry out measurements, images were geometrically corrected to avoid distortions. The
edges of the gullies were digitized and were together overlayed in order to evaluate changes.
Polygons were made to show the advance of erosion or gully growth and areas were quantified.
General characteristics of the study area and soils. The study area is located about 100 Km north
of Mexico City. The municipality of Huasca de Ocampo, State of Hidalgo, is a representative area of
the accelerated gully erosion taking place on the wide-spread red soils present along the Mexican
Volcanic Belt. Climate is temperate and a dry season (November-May) alternates with a summer
rainy one, where 80 % of the yearly average rain (about 800 mm) falls, commonly as strong
downpours. Landuse is predominantly low technified agriculture and grazing is frequent on
abandoned agriculture lands, where gullies develop.
The higher category classification assigned to the soils in the area is Rhodic/Ultic/Typic Paleustalf,
fine clayey, mesic, mixed. The upper 37 cm of the profile represent a colluvial cover over a
decapitated profile, a characteristic feature of Paleustalfs and Haplustalfs in the area. The colluvial
cover contains pieces of pottery and charcoal, which may be interpreted as an evidence to identify the
accelerated erosion as man-induced
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Results and discussion. When using video images for quantification, results are highly dependent on
the geometric correction carried out in order to obtain orthogonal images, where measurements are
taken. The results show that even the images before correction were highly accurate documents (see
Table 1)
All images show mean errors smaller than 5% after correction (even the most distorted one: Dec3),
and in many cases errors were smaller than 2%. The geometric correction proved to enhance the
accuracy of the video images enough to carry out measurements.
In this study the 4 sets of images compared were not at the same scale, as it is shown in table 1 (note
the different pixel resolution). Since the comparison of the images is then carried at different accuracy
levels due to scale (or pixel size), it is accepted that the higher accuracy is determined by the smaller
scale involved in the comparison, as it is normally considered in a GIS environment.
The observed gully growth for the period August-December is shown in table 2. As it can be
observed, most of the gully growth is taking place in the uppermost head,which is in general
accordance to the shape of the gully, larger than wider.
Conclusions. Results indicate that Videography may be considered as an effective tool for detecting
gully growth. The method might be applied to other phenomena involving measuring of dynamic
changes, not exclusively related to soil erosion.
Data are not only a set of numbers, but also images that can help the user to evaluate the phenomena
by means of photo-interpretation.
TABLE I. Description of the selected images.
Code1

Date

Pixel resolution (cm)

Aug 1
Aug 2
Aug 3
Aug 4
Dec 1
Dec 2
Dec 3
Dec 4

28/8/91

4.0
10.5
11.5
15.2
6.7
8.0
7.2
11.8

II
II

H

21/12/91
K

M
II

Mean <;rror %
after
before
correction 2
1.3
2.3
6.3
1.6
3.0
6.7
2.4
1.9
2.3
3.6
10.3
0.5
4.6
28.3
0.9
5.0

1 Images Augl and Decl are two different images of the same site taken in August and December, respectively.
Images 1 through 3 are partial views of the gully; images 4 are general views of the whole gully.
2. Mean difference between the real measurements taken in the field and the measurements taken from the image

TABLE 2. Gully growth (gully head and walls retreatment) during August-December 1991
Set #
1 (Augl-Decl)
2 (Aug2.Dec2)
3(Aug3-Dec3)
4 (Aug4-Dec4)

Gully growth (m2)
1.2
2.7
1.7
4.8
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ASSESSMENT OF SOIL DEGRADATION
PROCESSES IN THE MIDDLE PART OF THE
NILE- VALLEY, EGYPT, USING GIS AND
REMOTE SENSING TECHNIQUES
A.GAD, H.YOUNES and M.A.ABDEL HADY National
Authority for Remote Sensing and Space Siences, 101 Kaser
El-Eni street, Cairo, Egypt.
introduction. Food production is a crucial problem in the arid lands, where 3/4 of
the population lives in the irrigated Nile, Tigris, Euphrates and Indus valleys. Land
degradation processes are causing a decline in crop production resulting in food
shortage in many developing countries (1). Egypt needs to be self-suffecient,
however soil degradation processes are working allover the country. The
consequences of these processes are presented in the world degradation map,
performed by the FAO/UNEP and UNESCO (2) at a scale of 1:5000,000. The
geographical information system (GIS), according to (3) is an information technology
which stores, analyses and displays both spatial and non -spatial data. This system
allows to manipuate huge amounts of data and to construct such parametric model
to evaluate soil degradation. Remote sensing also has its great value in mapping and
assessing natural resources and land use activities. Satellite images provide
multitemporal and multispectral data however, aerial photographs remain necessary
for stereoscopic inspection of some details.The current work aimes to insinuate the
details of
soil degradation processes (i.e. water erosion, wind erosion and
salinization) in the middle part of Nile-Valley,Egypt. The study area includes parts of
El-Menia and Assuit Govemorates, a region with considerable agriculture potential.
Materials and Methods. Satellite MSS and TM images and aerial photographs were
utilized to provide data on soil conditions, land cover and land use of the study area.
Field investigation was performed and soil samples were collected and analysed .
Climatic data were gathered from meteorological stations available in the study area.
The provisional methodology for soil degradation assessment (4) has been followed
in this study. Parametric model was developed by adopting the universal soil loss
equation (USLE) for the evaluation of different soil degradation processes. ARC/INFO
software was used to manage and manipulate thematic data, satellite data and
tabular data sources. ERDAS software is utilized to derive the normalized density of
vegetation index (NDVI) values, while IDRISI software generates the slope degree. A
system is established for rating soil parameters, slope, climate and human activity.
The rating values serve as inputs into a modified universal soil loss equation (USLE)
to calculate the present state and risk of soil degradation processes.
Results and Discussion. The produced maps and tabular data show the risk and
present status of different soil degradation processes. The study area, in general, is
exposed to slight hazard of water erosion (soil loss is < 10 t/ha/year) -figure 1. The
highest values obtained are found in the miscellaneous rock lands due to their
surface sealing and impermeability. Risk of wind erosion (Figure 2) is high in the
transition zones between the desert and Nile-Valley. This is attributed to the severe
wind erosivity and dominant structureless and coarse textured soils. The Nile-Valley
is exposed to high and very high risk of salinization. Human activities increase
salinization hazard by excessive application of irrigation water without adequate
drainage practices.
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It can be concluded that in the arid region many soil degradation processes are
working on its soil and causing diminution and deterioration of their biological
productivity. Information needed to control these processes are numerous and often
exist in forms which should be manipulated, updated or corrected. The geographic
information system proved to be the best method to serve these aspects while
remote sensing is an important source of information. It is recommended to use a
GIS in detailed and very detailed studies for evaluatig soil potentiality for agriculture
expansion.
Literature Cited.
1-Lal, R. and Stewart, B.A. (1990). Advances in soil sciences, Soil degradation, 349
p., New York : Springer-Verlag.
2-FAO / UNEP & UNESCO (1980). Provisional map of present rate and present state
of soil, based on an interpretation of major environmental parameters, FAO,Rome.
3-Jamaguire, D.; Goodchild, M. and Wrhind, D. (1991). Geographical information
systems : principles and applications., London : Longman group UK limited.
4-FAO/UNEP & UNESCO (1979). A provisional methodology for soil degradation
assessment., Rome : FAO, 48pp.

Figure (1) Risk of water erosion

Figure (2) Risk of wind erosion
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Support Capacity as Indicator of Land Degradation Risk
R. Zdrate*. Colegio de Postgraduados, Centro de Edafologia, Montecillo, Edo. de
México, México. CP. 56230, Tel. and Fax. +(52)(595) 4-57-01, 4-57-23
Introduction. At the present time it is necessary the analysis and understanding of three processes: drought,
degradation (desertification) and climatic change, whose effects are the reduction of sustainability of the
ecosystem and the capacity of the environment in order to support temporally the human activities. The
quantity of humans that could support in an adequate and permanent level an area of the terrestrial surface
without causing negative alterations in the enviromental conditions, starting from the nourishing products that
of this is given, could by define as the support capacity. The principal goal of this investigation was evaluate
the land degradation risk, utilizing as quantitative criterion, the index support capacity/population, with base
of the production of crop corn.
Materials and Methods. The area under study was the State of Mexico, Mexico, that is located between the
extreme coordinates of 18° 21' and 20° 17' of latitude north and between the 98° 35' and 100° 36' of longitude
west, and has a surface of 23,244.22 km2, sepcrated in 121 municipalities (MU) The predominant climate is
the temperate. The middle annual temperatures in the southeast are greater to 20 °C, mean while in the center
and north is as below as 13 °C. The middle annual precipitation oscillates between 600 to 800 mm. The
domain of soils exists with lithic phase in the 60.62% the total area, which indicates that in the major
proportion the soils of the entity, the rocky channel between 10 to 50 cm of depth meets, because of that which
is of expecting that their permissible limit the loss of the soil by erosion is very low. The demographic
behavior has originated a decrease in the surface for inhabitant, since of 2.48 ha/inhabitant existing in 1900, in
1990 only existed 0.23 ha/inhabitant, which is one indicator the descent of the resources in order to supply of
goods and services to the inhabitants the entity.
The contribution to the systems of agricultural production in the process of land degradation, could be valued
through the obtaining indexes that is related to the capacity of agro-ecosystem in order to produce foods and
the quantity of existent population in the place. The method was applied to scale 1:250,000, to municipal level
and it consisted in: a) agro-ecological zones and estimate of yields potentials average of corn (that is the
dominant crop in the area under study) (1); b) calculation of the foods consumption with bases on calories and
proteins, supplied by corn (2); and c) obtaining the index of support capacity/population in 1990, with bases
on calories and proteins in two levels of investment: high (NIA) and low (NIB) (3). Values them this index be
going to interpreted with bases on five classes of risk: null (> 2), low (1 -2), moderate (0 5-1), severe (0.1 -0.5)
and extreme (< 0.1). Values them utilized in order to characterize the previous classes, indicates the
proportion of present population that could be supplied with the produced food; for example, the value
between 0.1 and 0.5, indicates that only one could support a population between the 10 and 50% of the
present, which is an indicative the possible increase of pressure on the agriculture ecosystem and in
consequence the intensity the risk degradation of this.
Results and Discussion. The obtained information is showed according to them values the index with basis
an opinion on the supply of calories (Cal) and proteins (Prot) obtained to two levels of investment: high (NIA)
and low (NIB), the production potential average estimated of corn, being made reference to the percentage of
state surface (S) undertaken by each class of risk degradation and the number of affected municipalities (MU)
by each one of these classes, see Table 1.
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Table 1. Risk of land degradation.

Class of risk

Cal NIA
MU
S(%)

Cal NIB
MU S(%)

Prot NIA
MU
S(%)

Prot NIB
MU
S(%)

Null
Low
Moderate
Severe
Extreme

71
19
10
14
7

10
24
29
37
21

76
15
11
14
5

13
27
28
36
17

76
14
4
3
3

21
22
26
25
6

79
12
4
4
2

25
26
23
21
5

From the index in calories for NIA, the presence was obtained of all classes of risk, where is notable the
domain of the null risk. From the index in calorics for NIB, and with bases an opinion on the grouping of
value index in five classes of risk was remarked the presence proportional of four this. The index in proteins
for NIA, showed a importance from class of null risk. The index in proteins for NIB. showed a similar
importance of the classes of null risk, low, moderate and severe, occupying a minor surface the extreme class.
With basis on these results and considering that only the classes of moderate risk, severe and extreme is that
which practically they induce the risk of land degradation by not supporting the existent population, one could
say that so much with calories such as with proteins to NIA, only the 10% of the entity under studies
introduces risk degradation; on the other hand, at NIB and considering the previous point of view, the 57% of
this state is under risk of degradation according to calories and the 49% according to proteins. Besides, what
is noted is that a system based on production of low level investment, could increase until three times the risk
degradation in a agro-ecosystem. With the object of achieving a true approach to level the risk degradation by
means of the use of the criterion support capacity, the information from four decades was utilized (19601990), of total production of five principal crops: corn, wheat, barley, bean and rice. Like this, the quantity
of inhabitants was calculated that fed with the state production for the suitable crops, with bases an opinion on
calories and proteins. Subsequently, this quantity was related with the population in the same period,
obtaining that values them of this index has been smallest that the unit, which is an indicative that during this
time has not been reached with the resources of the State, to supply the requirements of calorics and proteins,
be necessary for the population of the entity, for that which it is possible that had existed an over exploitation
of the resources in order to reach this sufficient food and so much it is possible that had been promoted the
land degradation. In conclusion, with bases an opinion on the index support capacity/population census in
1990, exists the domain of the class of null risk in an upper percentage to him 75% the area under study,
considering a level of high investment, so much in calorics as in proteins. On the other hand, at level of low
investment, existed the domain of class of moderate and low risk in a major surface to 23 and 22%,
respectively.
Cited literature.
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Food Organization of the United Nations. Rome. 158 pp.
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Consultation; Rome. 53 pp.
(3) HIGGINS, G.M., A.H. KASSAM, G. FISCHER, MM. SHAH, H.T. VAN VELTHUIZEN AND L.
NAIKEN. 1982. The agro-ecological zones analysis of potential population supporting capacities: indicators
of desertification. AGLS/FAO. Rome. 15 pp.
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Cartography of Erosion Soil Vulnerability in Marilia (Sao Paulo
State, Brazil)
S. Manfredini and J.P. Queiroz Neto. Dep. Geografia, Universidade de Sao
Paulo, C.P. 8105, 05508-900/Sao PauloISP Brasil.
ABSTRACT
The erosion process by concentrated flows is closely related
to the nature of the pedological cover and to the water subsuperficial and deep throughflows. The knowledge of this situation is indispensable to identify all the erosion vulnerable places and to
propose its napping and the control purposes.
INTRODUCTION
Les travaux menés a. Marilia avaient montré les rapports entre
1'organisation de la couverture pédologique et Ie developpement de
1'érosion par 1'écoulement superficiel concentre (ravins, bogorocas) (1, 2 ) . La genese et 1'evolution des systèmes pédologiques a
transformation laterale B latosolique - B textural sont conditionnés et conditionnent les circulations hydriques: verticales sur les
sols a structure rnicroagregée(Latosols) et latérales,paralïèlements
a la topographie, sur les sols a differentiation texturale A/B et
structure polyedrique dans Ie Bt oü s'observe 1'erosion intense (1,
3). Une proposition de representation cartographique de la vulnerabilité des sols a 1'érosion avait été presentée (4) en tennant com£
te des facteurs pas toujours presents dans les classifications de
la capacité d'utilisation des sols: la structure du sol, 1'état hydrique, la Vitesse d'infiltration. De cette maniere, sur la base
des connaissances acquises sur les sols et leurs comportements, il
a été possible de proposer une representation cartographique qui
comprend aussi les limitations a. 1'utilisation et Ie controle de
1'erosion.
MATERIEL ET METHODES
Le comportement hydrique de la couverture pédologique a ete
determine a partir de la caracterisation physique (densités, porosités, texture) et des mesures d'infiltration, de courbes de retention, des profils potenciométrique et de 1'humiditée actuelle (3).
La distribution des signes d'érosion, de 1'utilisation des
sols, des formes de relief ont été obtenues par photointerprétation; la carte des pentes a été faite a partir des cartes topographiques (2).
L'etude de ces donnés a permis d'identifier le mode d'intervention de chaque facteur et d'établir une classification par ordre
d'importance. La carte proposée represente ces facteurs par la jux<
taposition et superposition de symboles.
RESULTATS ET DISCUSSION
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RESULTATS ET DISCUSSION
Il a été possible de signaler deux sites d'accumulation interne de 1'eau dans les sols. Le premier a la limite des horizons A/B,
surtout sur les parties concaves a. mi versant; le deuxième dans les
ruptures de pente convèxes dans les bas des versants, oü la roche
se trouve a faible profondeur; ici on 1'observe la reunion des deux
flux latéraux, celui dans la linite des horizons A et B e celui de
la nappe phréatique.
La distribution des signes d'erosion montre une concentration
sur les ruptures convèxes de bas de versant. Associées a ces ruptures 1'on observe aussi la presence de loupes de liquefaction et des
phenomenes de suffosion sur les sables des horizons A: ces processus marquent le depart des ravinements rémontants mais qui, en son
début, n'atteignent que 1'horizon A sableux. Sur les vallons concaves perpendiculaires au cours d'eau, il est possible d'observer le
debut de formation des bocorocas, qui en realite representent le
canal terminal de 1'aval de tout un système articulé de ravins.
L'écoulement superficiel concentre peut s'accentuer par 1'utilisation des sols, surtout par les cultures temporaires et par la
presence de routes, chemins, etc., et aussi dans le portour des
zones urbaines.
Il a été possible de faire ressortir la presence d'un certain
nombre de sites a. instabilité potentielle maxima a 1'erosion: les
vallons concaves des versants et les ruptures de pente convèxes de
bas des versants, qui correspondent tous les deux aux site de concentration maximale des flux internes de 1'eau.
La representation cartographique a permis de signaler ces facteurs d'instabilité des sols, la couverture vegetale tout en signa
lant son effect plus ou moins protecteur ainsi que les marques d'
érosion. Elle a permis de faire ressortir les surfaces les plus
vulnérables a. 1'érosion et signaler les modes de controle.
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Land Degradation in the Miraflores River Basin (Jujuy Prov). Its
Assesment Through Landsat TM Images
Navone, Stella m., Santanatoglia, Oscar and Movia, Clara. Facultad de
Agronomia UBA. Av. San Martin 4453, (1425) Buenos Aires, Argentina.
INTRODUCTION
The territory in Argentine known as Puna,extends
from aproximately 2853km2.It's a cool semiarid steppe (Ruthzat
and Movia,1975)at high elevation (3700m above sea level)
Increasing desertification has been observed for some
time in the studied area. Our study in the field indicate that
several factors and processes contribute to land degradation
in Puna although from the point of view of their quantitative
importance,there are two main processes :water and wind accelerated erosion.
To understand
what happens , it' s very important to
have an apropiate tool to make a proper diagnosis.
The objetive of this research
was to find the best
algorithms to use to discriminate wind and water erosion in
Landsat TM images.
The area we have chosen for this study is
the Miraflores river basin .It 's a cool desert,the average annual
rainfall of 300 mm is concentrated in Summer The arid conditions have often led to scant development of vegetation which
offers negligible protection against erosion by the steady
winds and the torrential Summer rain.The most important erosive factor is the extensive overgrazing by cows and "llamas"
METHODS:
Two sets of TM data were used.One was winter season data
(October,1991) and the other was Summer season data(April,1993. As Summer is the rainny season vegetation covered up to
the 80% of the soil surface.In winter only the 20 up to 60% of
the soil was covered by vegetation.
A regression analysis was done.The objective of this
analysis was to combine three independent data types,each complementary into one master image for visual interpretation.
Jeffries -Matusita distance(Swain and Davies,1978) was
tried on to choose the optimum bands with the most accuracy.
Ratio transformation for depressing vegetation noise;
low filtering(Jensen,1986) and Principal component
transformation were used to enhance erosion features.
All bands were used as input data for green index and
for deriving PC statistics.
Two indexes were developed:a)First channel:TM 5 ;Second
channel:(TM4-TM3)/(TM4+TM3);Third channel ( TM5-TM4)/(TM5+TM4)
b)First channel: TM5*TM2; Second channel:TM5*TM3 and Third
channel: TM 1*TM4
IHRRGB transformation was applied on,too.
Field data:Test sites were chosen in the Landsat image from
winter .
We measured wind and water erosion in the field
according to the "Desertification Method "(FA0,19B4)
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RESULTS AND DISCUSSION
Wind and water erosion degrees are shown in table l.Digital processes results could be seen in table 2.
We found out that soil loss causes by wjnd erosion could
be detectable from moderate degree with band combination
TM3.TM4 and TM7 and with a low flitering,but water erosion
could be seen from povere degree with Principal Component
enhanced.
We concluded that in areas similar to the one ol tnis
research,Landsat images enhacement is an useful tool to separate wind erosion degrees.
T.TTKRATtJRE CITED:
F.A.O-PNUMA.1984.Evaluaci6n de la deaertización.
Jensen, J,R, 1986. Introductory digital image processing: A
Remote sensing Perspective. Englewood Cliffs, New Jersey
Ruthsatz, B. y Movia, C.P., 1975. La vegetación de las estepas
del NO de Jujuy. FECIC, Buenos Aires.
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INTRODUCTION. A growing and sustainable agriculture worldwide
depend on the soil resources preservation. Its quality is the
paramount for economic development of human being whereas its total
degradation has led to the disappearance of important agricultural
bus iness.
During the last years soil degradation it's been evaluated at
macroregions levels because the degrading incidence process concur
in extensive areas giving raise to unbalanced ecosystem, misery,
starvation, as well as an irremediable deterioration of the basic
soil and water resources.
The soil degradation in the irrigation district No. 038 in the Mayo
River, Sonora (microregion) its been qualitatively characterized
only in terms of salt and sodium contents. However, it is
considered that not only an inadequate management of soil and water
exist, but also other factors not properly measured should be
included. In facts, all these factors as a whole decrease the soil
quality and productivity. This uncertainty encouraged us to carry
out a research work with the aim of expressing the soil quality and
its relationship under natural conditions.
MATERIAL AND METHODS. The Irrigation District No. 038, Mayo River,
is located in North West region of Mexico, in Southern part of the
State of Sonora (26° 50' 00'' N and 109° 37' 01'' W ) . There are
96,856 ha for farming. The climate is clasified as Bw (h')(w')(e').
For ensuring the accurate assesment of the degrading factors due to
soil managemant, information was collected at then local irrigation
and Drainage Board.
This information was complemented
with
agrologic surveys (1), which was at same time the foundation for
stratify and
mapping
all
the degration
processes
out.
Fundamentally all the physic caracterization
parametres were
obtained from soil series profiles, whereas the chemical parametres
were determined at the laboratory. The limits for rating every
degradating process were made by considering
the water-soil
relationship. The evolution of induced degradation was made by
comparing the 1941 soil clasification with that of 1993.
RESULTS AND DISCUSSION. The information analysis of factors that
affect agricultural production at the Irrigation District No. 038
detected
well-defined
degrading
processes.
primarily
was
established the low level of N fertilizer (an average of 40 kg/ha
at N-N03) and 100% is poor in P2O5 (an average < 10 kg/ha). It was
also determined a low level of organic matter (0.6%) and is poorest
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in the lowest layers of the soil profile. Compactation was highest
at center of the District and is extended to the North East and
South East and average 28.83"* an averaged 19.6% was due to low
internal drainage efficiency in the soil profile
which was
characterized as layers with high contents of clay, compacted
stratum or both. The higher degradation is connected to strong
levels of salt contents which were identified in its different
types and categories: 0-40 cm (19-2%) show salt-sodium and 21% with
salt contents, whereas in the 40-80 cm stratum was determined 21%
with salt-sodium, 20% sodium and 13% salt. Beyond 80 cm in the soil
profile it was determined that 60% salt-sodium exists and the
remaining 40% it was characterized as sodium. The fore mentioned is
added to the water receding table which influences in the 68% of
the area, and it is located 200 cm below the soil surface, and
sometimes hamper tillage, what can be considered as flood.
By considering the different degrading process that limit the
productivity of soil in this area, it was established that only
26.4% of total area is rated
as first class and the remaining
73.6% is located in degraded areas, This
means an evident
deterioration of the resource since in the 1941 classification
54.14% of the area was first class soils and the remaining were
degraded soils by natural agents (slope, drainage, flood and
salinity).
On this basis, it is inferred that the potential degradation in the
region is high, mainly
because of higher salt
and sodium
concentration as it is indicated by its presence in the soil
profile. A similar situation is inferred for soil compactation
because at this time no cultural practics are incorporated by the
farmers that are intended to dismish soil degradation.
CITED LITERATURE.
(1) Reyes, C. 1993. Levantamiento semidetallado de
Distrito de Riego No. 038, Rio Mayo, Sonora. Sem de
Universidad Autonóma Chapingo, Chapingo, México.
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Mapping Soil Erosion Rates in Autlan, Jalisco, Mexico.
A. Aguirre G.* y L.M. Martinez R. Institute Mantldn de Ecologia y
Conservation de la Biodiversidad. 48740 El Grullo, Jalisco, México.
Introduction. The municipality
of Autlan is a region with a complex
and variable physiography with slopes of 1% to more than 100%. Autlan
is located in southwestern Jalisco, Mexico, between the 19° 35'00'' and
19°53'40'' north latitude and 104°07'49'' yl04°29'34'' west longitude.
Autlan is an important center of biodiversity and economic development
for sothwestern Jalisco. Part of the Sierra de Manantlan Biosphere
Reserve is located within the municipality. This reserve is the most
important area in western Mexico in terms of biodiversity and surface
area of protected land. The area of Autlan is 97,049 ha, including
12,076 ha of irrigated land, 2,958 ha in rainy season agricultural
land, 31,873 ha of forests and 43,734 ha of grazing lands. The goal of
this study is to help in the planning for use and management of natural
resources in rural zones.
Material and Methods. We used the universal soil/loss equation (USLE)
to estimate the soil erosion rates in this area (A = R K L S C P ) . We
obtained the rainfal erosion index (R) using the Fournier index
(FAO,1980; Ortiz,1984). We used rainfall data from eight weather
stations in the surrounding area in order to construct isoerosivity
lines with the help of the computer using a Krigging method for the
interpolation. We obtained the soil erodability factor (K), with soil
maps (scale 1:50,000) and values for erodability classes for soil units
described by FAO,1980 (1). We calculated slope length and percent slope
factor using a topographic map (scale 1:50,000). We obtained the
cropping management factor (C) using vegetation maps (scale 1:50,000)
and the values table for cover vegetation of Coote,1988 (2). We didn't
use practice factor (P) due to the fact that soil conservation
techniques are not practiced in the area. We obtained a map for each
factor of USLE, and we overlayed the maps to obtain the actual erosion
and risk erosion maps for the Autlan area. We used six ranges for
classify the soil loss rates (3) : Light (< 2 ton/ha) , Low (2 to 10
ton/ha) , Moderate (50 a 100 ton/ha) , Severe (50 to 200 ton/ha) and
Extreme (>200 ton/ha).
Results and Discussion. Soil loss rates in Autlan were distributed in
the following manner: Light erosion in 4,939.8 ha (6.7%), low erosion
in 30,173 ha (41.4%), moderate erosion in 17,781.1 (24.2%). severe
erosion in 13,591.8 ha (18.5%) and extreme in 6,569.7 ha (9%) (Figure
1) . More than 50% of the territory of Autlan had serious erosion
problems, and it was affected principally by the changes in soil use.
The map of risk erosion showed that 74% of the land had extreme risk
erosion. These data are important to consider in government planning
for the use of forest lands. The recommendations of this study are,
first to implement conservation practices in order to reduce the soil
erosion rates, and second to plan the correct use of the soil in
accordance with the land's capability.
Literature Cited.
(1) FAO.1980. Metodlogia provisional para la evaluacion de la
degradación de los suelos. 86 p.
(2) Coote,D.R.1988.SOTER procedure manual for small scale map and
database compilation. 45 p.

227

»

I
UI

bi

UI

>

X

UI
UI

v>

CL

O

c
;o
'M

o-

3

228

Z

a

a
UI

On the Comparison of Measured and EPIC-Simulated Soil
Fertility Losses in the Rolling Pampa of Aigentina
R.A, Diaz* and R.M. Di Giacomo. Institutos de Clima y Agua y de Suelos ,
Instituto Nacional de Tecnologia Agropecuaria, 1712 Castelar, Argentina.
Introduction. There
is increasing concern about the sustainability of
agricultural farms in Argentina. Land degradation is progressing at a fast rate
as shown by arable soils having lost 21 to 5 6 % of their organic matter and total
nitrogen after years of agriculture (1). Some insights into these key issues may
be gained by using simulation models. EPIC (2) is one model describing changes
in soil fertility related to weather, crop rotation, and tillage. Two
constraints to its use have been a heavy demand on resources for calibration and
validation and a lack of detailed weather records. Preliminary testing with
available data can be a cost-effective procedure. In this study we aimed at: a)
validate EPIC performance in estimating topsoil organic C (OC) and total N (Nt)
losses after years of cultivation, and b) to assess if generated weather data
could be used in long term degradation studies with confidence.
Material and Methods. Arrecifes River Basin (ARB) is located in eastern
Argentina. Its 1,170,000 ha represents 2 0 % of the Rolling Pampa area (33*40' to
34°30'S and 59°30' to 61°20'W). The three weather statinos in the area are San
Pedro, Junin and Pergamino. Climate is mild (mean annual air temperature of
16"C). Mean annual rainfall is 950-1100 mm, in balance with mean annual
potential evapotranspiration. Cropped soils are Typic and Vertic (only Ramallo
soil) Argiudolls. 0C and Nt contents in the plow layer for eleven soils were
available (1). These were reported for two field systems (Table l):a)
alternating cropping and grazing (Mixed), and b) continuous cropping (Crop).
ible 1. Soil contribut:ion to ARB area and measured OC and Nt under two typical
rotations.
C CONTENT
TOTAL N (g t-i)
SOILS
AREA
Mixed
Crop
Mixed
Crop
%
1.73
1860
1520
Ro j as
2.08
20.4
1710
1490
Arroyo Dulce
1.93
1.65
9.4
1980
1720
1.83
2.02
Urquiza
5.4
1950
2.17
1.66
1660
Cap. Sarmiento
3.7
1530
1790
1.73
Portela
1.94
3.4
1490
1110
Arrecifes (e)
1.52
3.4
1.13
1650
1.61
1300
Delgado
1.89
3.0
1.99
1.62
1930
1610
Pergamino
2.8
1800
1.72
1540
Hughes
1.90
2.3
1860
1480
1.55
Arrecifes
1.90
2.3
1.76
1920
1710
1.94
Ramallo
1.0
EPIC is a process -oriented model designed to assess the impact of soil
erosion on crop productivity. Pools of fresh and active humus and organic N are
daily updated as well as a mineral N pool. Simulations were run from January 1,
1973 to December 31, 1992. Drainage area was set to 1 ha. Slope length of 300 m
and degree to 0.75%, except in Ramallo (0.25%), Arrecifes (1%) and erosion
phases (e) of Arrecifes (2%) were chosen. Weather included daily maximum and
minimum air temperatures, 3olar radiation and rainfall. Monthly climatic
parameters, as needed in weather generation, were calculated. Soil layer
variables included depth, bulk density, pH, texture, 0C, sum of bases, CEC, and
rockiness. Initial OC and Nt were those in Table 1 under mixed rotation. A
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detailed sequence of management operations was assembled from expert opinion.
The main assumptions were: a) One management calendar of operations for
situations; b) A single cultivar represented individual crop growth and
development; and c) Competition by pests or catastrophic weather events had
negligible efect. Ordinary least square regression analysis was performed on
both datasets .
Results and discussion. EPIC simulated final OC and Nt values reasonably well
throughout the range of measured values iTable 2). in either case the slope was
significantly different from zero at the 95% confidence level. Agreement was
conserved accross a range of textures (from silty loam in Arroyo iAilce to loam
in Delgado to clayey in Ramallo soils) and erosion rates (slight in Arrecifes
and moderate in eroded Arrecifes soils). Accurate long term predictions of OC
and Nt with EPIC have already been made (3). Largest OC difference in Cap.
Sarmiento soil may have resulted from not having onsite weather data and using
Pergamino, 75 km appart, data instead. Discrepancies should be expected because
model and actual conditions were not exactly the same.
Table 2.

Measured and simulated OC and Nt with MEASURED and GENERATED daily
weather.
SOILS
C CONTENT (%)
TOTAL N (g t-i)
Measured Simulated Simulated
Measured Simulated Simulated
MEASURED
GENERATED
GENERATED
MEASURED
Ro j as
1670
1.73
1.85
1520
1.85
1660
Arroyo Dulce
1490
1506
1.65
1.68
1.69
1494
Urquiza
1.77
1.83
1.76
1720
1745
1733
Cp. Sarmiento 1.66
1.89
1.83
j U)5
1660
1708
Portela
1.73
1.66
1.66
1530
1541
1538
Arrecifes (e) 1.13
1110
1126
1.11
1.14
1095
Delgado
1.61
1.64
1.64
1300
1436
1442
1697
Pergamino
1.62
1.74
1610
1.73
1683
Hughes
1.72
1.58
1.58
1540
1509
1506
1.55
Arrecifes
1.61
1.62
1480
1592
1580
1.71
Ramallo
1.76
1.71
1710
1697
1701
Long-term estimates of topsoil C and N with weather-generated data was
significantly related to measurec1 values. Slopes for the regression line were
not significantly different from zero. In general the simulated values were a
little higher than when using real weather (Table 2).
EPIC model produced reasonable estimates of changes in organic C and total N
after years of cultivation in soils of the Rolling Pampa. Estimates covered a
range of textures and erosion rates. The use of weather-generated data gave
similar results. EPIC may be a valuable tool for assisting in improving farm
sustainability. Another purpose served was of showing how preliminary testing of
EPIC can be made. However careful testing with field-controlled experimentation
should be done before taking full advantage of the many potential uses of the
model.
Literature cited
(1) Michelena, R., Irurtia, C.B., Vavruska, F.. Mon, R., Pittaluga, A. 1989.
Degradación de suelos en la Pampa Ondulada. Publicación N° 6 PAC-INTA.
(2) Williams, J.R., Jones, C.A., Dyke, P.T.
1984. A modeling approach to
determining the relationship between erosion and soil productivity. Trans.
ASAE 27:129-144.
(3) Jones, C.A., Cole, C.V. and Sharpley, A.N. 1983. Simulation of nitrogen and
phosphorus fertility in the EPIC model, pp. 307-315.
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Water Soil Dynamics, Erosion and Land Use Capability in Bauru
(Sao Paulo State, Brazil)
F.X.T. Salomao, and J.P. Queiroz Neto. Instituto de Pesquisas Tecnológicas
et depart. Geografia, Universidade de Sao Paulo, C.P. 8105, 05508-900/Sao
Paulo/SP, Brasil.
ABSTRACT
The Bauru area (Western Plateau, Sao Paulo State) has been severely affected by intense rills and gullies erosion due to a disor
dly agricultural and urban occupation since the begining of this
century. Careful pedological field observations and water soil determinations has been able to understand the erosion process by superficial and underground water flows; related to the erosion marks
distribution, the slopes declivities, the relief configuration and
the land use allows to establish criterions to define soil erosion
susceptibility and to made up propositions for a more suitable rural and urban land uses.
INTRODUCTION
La degradation des sols par 1'erosion est le principal problème posé pour 1'aménagement des 100.000 km2 du Plateau Occidental,
prés de la moitlé de la surface de 1'Etat de Sao Paulo. L'importance de 1'erosion en rigoles, ravins et "bogorocas" remet en question
1'application de 1'equation universelle (USLE) pour la planitication du controle de 1'erosion et de 1'utilisation des sols. Pour
répondre a. cette question, les recherches entreprises A Bauru ont
pour but comprendre le fonctionnement de 1'erosion en rapport avec
la dynamique de 1'eau du sol (1). Cette connaissance doit servir de
base pour établir le diagnostic des zones sensibles a 1'erosion et
définir les limitations a. 1'utilisation agricole et urbaine des
sols.
MATERIEL ET METHODES
Les couvertures pédologiques ont été etudiées par 1'analyse
structurale (2); avec 1'étude du comportenent hydrique (porosités,
retention de 1'eau, infiltration, piézométrie) il a été possible de
connaïtre la circulation de 1'eau. La determination de la distribution des signes d'erosion a permis d'établir des indices d'intensité par unite de surface (ICR= indice de ravins; ICB= indice de bogorocas) .
La sensibilité des sols a 1'erosion a été établie par le croisement de ces donnés avec les formes du relief et les valeurs des
pentes. Les limitations aux utilisations des terres ont été définies par la reunion des sensibilites avec les problemes specifiques
aux zones urbaines et agricoles: épaisseur, voies de circulation,
stabilité mécanique, fertilité, hydromorphie, innondation et sédi-

2*1

mentation, etc..
RESULTATS ET DISCUSSION
La caracterisation des systemes pedologiques avec leurs compor
tements hydriques a été a la base de la definition de la sensibilitee potentielle a 1'erosion; d'autre part, Ie repérage des signes
d'erosion actuelle a permis d'identifier les sites les plus touches:
-système Latosol sablo-argileux/sables hydromorphes de bas de versant, sur les collines amples a pentes faibles; drainage vertical
libre; ICR<^30, ICB <15: faiblq sensibilité a 1' erosion sur les
pentes< 6%, avec concentration de ravins surtout au tour des tetes
de source; rares bocorocas provoquees par 1'utilisation des sols;
-systeme Latosol sablo-argileux/sols a B textural/sables hydromorphes de bas de versant sur les collines de taille moyenne a. ruptures de pente et affleurement de roche; faible conductivité hydraulique du Bt avec circulation laterale importante a la limite des
horizons A/B; nappe phréatique concentrée en "piping" avec suintements au niveau de la rupture de pente; ICR 40 a. 45, ICB 15 a 30:
faible sensibilité a 1'erosion sur les Latosols des sommets (pente
< 6%), moyenne a forte sur les sols a Bt (pente de 6 a 12%) avec
ravinement generalise; forte sensibilité a 1'erosion au niveau des
ruptures de pente (12 a 20%) ou, en plus des ravins, il apparaït
des bogorocas;
-système affleurement de roche/Brunizems/sols a Bt sur les versants
des escarpements et des buttes temoins, a dynamique de 1'eau laterale; ICR> 50 et ICBj> 50, forte sensibilité avec ravinements et bogorocas generalises.
Les relations entre les sensibilités a 1'erosion et les problè
mes poses par 1'urbanisation (voies de circulation, stabilite mecanique des materiaux, circulation de 1'eau, hydromorphie, innondation et sedimentation) ont permis de définir 5 classes géotechniques.
Les sensibilités a 1'erosion en rapport avec la fertilité des
sols, 1'hydromorphie, 1'innondation, les systèmes agricoles et les
fagons culturelies ont permis d'établir 8 categories de capacite
d'utilisation agricole des sols.
BIBLIOGRAPHIE
(l)QUEIROZ NETO, J.P., SALOMAO, F.X.T., MANFREDINI, S. et SANTANA,
M.A..1993. Comportamento hidrodinamico de solos no Planalto Ocidental Paulista e erosao por escoamento concentrado. XII Congr. Latinoamericano de la Ciência del Suelo, Salamanca.
(2)B0ULET, R..1987. Analise estrutural da coberture pedológica e
cartografia. Anais XXI Congr. Brasil.Ci.Solo, Campinas:79-90.
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Wind Erosion Problems in Hungary
L. Szabó,* J. Karacsony,** Zs. Székely,***
University of Agricultural Sciences, 2103 Gödöllö, Box: 303, Hungary
About four million hectares of Hungarian agricultural land is subject to wind erosion. It is
documented in Hungary that both on-site and off-site damages due to the past years improper
agricultural practices, still have been increasing. The yearly on-site wind erosion damages are
estimated to be 10-15% of the total agricultural damages which are caused by water erosion,
hail, drought, frezing etc. In Hungary it is possible to estimate these damages because the
Hungary it is possible to estimate these damages because the Hungary State Insurance Company has over the past 15 years collected the yearly cost of crop damage caused by wind
erosion.
Using these data the Wind Erosion Working Group of Gödölló University has constructed
the Wind Erosion Damage Map of Hungary (Map 1.)
This map can be used to define the erodible regions of our country and it is helpful for the
planning of the better agricultural system. In addition to crop damages the Working Group
has considered the damages done to the environment and consequently human helath, since
it is evident that dust transported by wind pollutes the air therefore affects people. As a
consequence we have created another Damage Map related to chronic Bronchitis. (Map II.)
Unfortunately, despite the siguificance of the Hungarian wind erosion problems, resources
devoted to control and researches have been guite limited due to the well known financial
problems. In addition to optimum technologies to describe, predict, measure, control and
evaluate the impact of wind erosion are still under development.
The International Wind Erosion Workshop held in Budapest in 1991, served to enhance the
exchange of a wide variety of informations on this topic.
As a result of our work of research an opinion has been formed that Hungary has to have a
new, specific wind erosion control strategy. This strategy has to be an important of the
complex environment-protection program and it has to consider the recent knowledges on the
control possibilities, like windbreak technology, no-till farming, mulch technology etc.
* Soil Scientist
** Meteorologist
*** Cartographer
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The Change of Land Use as an Indicator of Land Degradation
Process in the Oil Area Samaria, Tabasco, Mexico
J. Zavala, C.A. Ortiz, E. Ojeda, and A.V. Botello. CEICADES, Colegio de
Postgraduados, 86500, H. Cardenas, Tabasco; Centro de Edafologia, Colegio de
Postgraduados, 56230 Montecillo, México, Inst, de dec. del Mar y Limnol,
UNAM, México, D.F.
Introduction. The oil industry in Tabasco state introduced a
deterioration process due to limited measures of environment
protection. In this study the changes of land use was used as an
indicator of the degradation of vegetation and soil, to know the
origin of the problem and to reinforce the measurement to recovering
and planning in similar types of land.
Materials and Methods. A pilot area was select as representative to
12% (814 ha) of the Samaria oil area, located in an alluvial plain.
The cartography of land classes was made taking in account the
farmers knowledge (1), and photo-interpretation of land use. The
velocity of changes of land use was evaluated (2) and eleven
dynamics of change of use were selected, one of them is the unchange
use (withness). These dynamics were representative of 30% of pilot
area. Samples of land were colected (0-15cm) , the hydrocarbons
analized (3) and soil properties, as texture, Ph and organic matter.
Results and discussion. Two land classes were found, the arenilla
class, with high sand contents, and barrial class with clayey
texture. The table 1 show that on the arenilla land class in the
1953-1992 period, the forest use was eliminated and was change to
herbaceous swamp vegetation and installations of oil industry;
recently the 4.2 % present degradation of vegetation cover. In the
barrial land class have been ocurred dynamic changes of land use, 1)
between 1953-1984 with severe decreasing of the grass use and the
extintion of almost all the forest use. These use were replaced by
herbaceous swamp vegetation, lagoons and oil installations that
represent the 72% of degradation of the vegetation in the barrial
land, and especially it correspond to 100% of the barrial land in
the north area. This changes of the land use have a relationships
with the high density of well oils (each 200m) , the deficient
drainage works of the highway, that modified the flood regimes
(temporary to permanent). This situations is frecuent in wet lands
with oil industry when do not exist and aproppiate planning (4); and
2) between 1988 to 1992, the barrial land showed increase of the
agricultural and grass use and a diminution of the herbaceous swamp
vegetation, this change was going on for the development of
hidraulic works; nevertheless, recently 20% of barrial land present
some degradation of vegetation cover. In addition was found that in
the barrial land in the north area is present ligth acidity and
high degradation of organic matter. In this
area the
total
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hydrocarbons (298.3 ppm) were in average 4.3 times more higher than
the values considered as normal to coastal lands uncontaminated (5) ,
and aromatic hydrocarbons (115ppm), that could be very dangerous to
the organisms, were 5.6 times more higher than remainder land pilot
area, and very high with respect to levels of uncontaminated soils
(6). The factors that favor more pollution were the high density of
well oils, the frecuents oil spillage, the clayey texture, and the
localization in sites with an alluvial depresions with deficients
drainage.
Table 1. Changes of land use in several years
CLASS OF
LAND

YEAR

ARENILLA
(329 ha)

BARRIAL
(485 ha)

LAND USE (%)
HVS
F

A

G

1953
1965
1984
1992

70.6
75.7
75.9
76.5

18.1
19.1
16.7
19.3

11.3
4.8
0.0
0.0

0.0
0.4
5.1
1.4

0.0
0.0
2.3
2.8

1953
1965
1984
1992

11.7
11.5
9.7
19.7

51.3
33.1
17.7
59.8

28.3
2.4
0.6
1.5

8.7
52.0
65.6
12.2

0.0
1.0
6.5
7.6

01

A= Agricultural; G= Grass; F= Forest; HVS =
Herbaceus Swamp Vegetation; 01= Oil Industry
literature Cited.
(1) Ortiz, S. C. A., D. Pajaro, H. y V. M. Ordaz Ch. 1990. Manual
para la cartografïa de clases de tierras campesinas. Serie
Cuadernos de Edafologia (15). CEDAF-CP. Montecillo. 62. p.
(2) Ortiz, S. M. L. y M. Anaya, G. 1992. Degradación de la tierra
inducida por el hombre, evaluación y cartografla. CEDAF-CP.
Montecillo.
(3) Botello, A. 1978. Presencia de
hidrocarburos
fósiles en
ecosistemas estuarinos del Golfo de México. Rev. Biol. Trop. 26
(Supl. 1 ) : pp. 135-151.
(4) Day, J. W. 1988. Impactos del desarrollo humano sobre marismas y
sistemas costeros de Louisiana, pp. 77-78. In: Memorias del
simposium sobre ecologla del delta Grijalva-Usumacinta. INIREBGob. del Edo. de Tabasco. México.
(5) Botello, A. y F. Paez.
1987.
El
problema crucial: la
contaminación.
Serie
Medio Ambiente en Coatzacoalcos (1).
CECODES. México.
(6) Edwards, N. T. 1983. Polycyclic aromatic hydrocarbons (PAH's) in
the terrestrial environmental review. J. Environ. Qual. 12.
427-441.
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Assessment of Chemical and Biological Soil Degradation
Hadzic, V., Cirovic, M., Ubavié, M., Govedarica, M., Dragovié, S.,
VereSbaranji, I.
Institute of Field and Vegetable Crops,
Faculty of Agriculture, Novi Sad
Introduction. According to their properties, the soils of the Vojvodina Province are classified
among the best soils in Europe and even in the world (Zivkovié et al., 1992). Bearing in mind
that soils are fast becoming the main victims of the global technological development, it became
indispensable to determine the type, total areas and the level of deterioration.
Materials and Methods. In order to make a general assessment of the soil status in the
Vojvodina Province, 1,600 samples have been collected from representative sites arranged in
a regular pattern over the entire territory of the province. The pattern included the important
geomorphological units, soil types and subtypes, plots of private farmers and state farms, and
irrigation systems. Each sample was accompanied by detailed data on the sampling site, plot
number and size, crop rotation, yields, cultural practices applied, etc.
The samples were analyzed for the basic chemical properties (pH, CaC0 3 , humus, and
total N, P 2 0 5 and K 2 0 in mg/100 g of soil); the concentration of hazardous (Cd, Pb, Hg, As,
Cr, Ni, F) and harmful (Cu, Zn, B) substances; the number and enzymic activity of
microorganisms (total number of microorganisms, the number of bacteria, ammonifiers,
nitrogen-fixing bacteria, azotobacters, actinomycetes, fungi and the activity of dehydrogenase);
pesticide residues. Within the irrigation systems, in addition to the analyses mentioned above,
ECe 25°C mS/cm, composition of soluble cations (Ca ++ , Mg + + , Na + , K + ) and anions (C03",
HC0 3 , S04~, CI), composition of adsorbed cations (Ca ++ , Mg + + , Na + , K + ) and the percentage
of adsorbed Na+ were analyzed.
Results and Discussion. The data obtained were used to establish the minimum, maximum, and
mean values for all characteristics, according to the following territorial criteria: for the entire
province, for plots of private farmers, for plots of state farms, for irrigation systems, for plots
under dry farming, for plots from different geomorphological units, for plots with different soil
types. These criteria served to draw the respective maps of soil damage (Hadzié, et al., 1993).
The data obtained have been compared against those gathered some three decades age,
which served for making a pedological map of the Vojvodina Province published in 1971. The
following conclusions were drawn:
The dominant soil types have neither suffered damage from acidification or alcalization,
nor had calcium carbonate been leached from the surface soil layer, but suffered local damage
caused by a reduction in the humic content, and increased levels of the available forms of
phosphorus and potassium, which ranged between 25 and 35 mg per 100 g of soil. In about 8
% of the analyzed plots, the concentrations of phosphorus and potassium exceeded 50 mg
(Bogdanovié, et al., 1993; Cirovié, et al., 1993).
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The concentrations of hazardous and harmful substances are far below an alarming level
(Ubavié, et al., 1993).
A total of 19 pesticides has been identified. When compared against international
standards, all concentrations have been found to be within normal limits (VereSbaranji, et al.,
1993).
The microbiological activity in the soils of the Vojvodina Province has been high.
Reductions in the total number of microorganisms and dehydrogenase activity have been
observed in a negligible number of samples (Govedarica, et al., 1993).
The analysis of irrigation systems has indicated that there exists a risk of secondary
salinization (Dragovié, et al., 1993).
Finally, it can be concluded that the soils of the Vojvodina Province are suitable for the
production of high quality food.
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their metabolites in soils of the Vojvodina Province. Heavy metals and pesticides in soil, 223259, Novi Sad.
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Crops, Novi Sad.
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Hydric Erosion Process in Andosoils of the Tarasca Plateau
M. Trejo. Soil and Water Conservation Program in Morelia Exp. Sta., Michoacan,
Mexico.
Introduction.- Rains that occur in the Tarascan Plateau have
produced erosion problems in 85 per cent of the soils used for
agricultural, animal, and forestal production, according to several
researchers. The aim of this paper is to study the reduction of the
water erosion process in andosoils using different covers.
Materials and Methods.- An experiment using 50 square meter run off
plots of andosoils with 12 per cent slope with different plant
covers was established to determine: amount of rain, water run off,
and rain dragged sediments in each rain event in Santa Isabel de
Ajuno, Patzcuaro county in 1992. Plant covers used were beans,
natural vegetation, and bare land as control.
Results and Discussion.- Results obtained showed rain amount was
14,520 cubic meters per hectare, that erosion of bare land was 81
metric tons per hectare (100 %) while that of soil covered with
beans was 19 metric tons per hectare (23 %) , and erosion did not
occur on soil covered with natural vegetation.
Literature Cited.
(1) Usda Forest Service 1990. International symposium: Integrated
management of watersheds for multiple use. Morelia, Mich., Mexico.
Abstracts.
An experiment using 50 square meter run off plots of andosoils
with 12 per cent slope with different plant covers was established
to determine: amount of rain, water run off, and rain dragged
sediments in each rain event in Santa Isabel de Ajuno, Patzcuaro
county in 1992. Plant covers used were beans, natural vegetation,
and bare land as control. Results obtained showed rain amount was
14,520 cubic meters per hectare, that erosion of bare land was 81
metric tons per hectare (100 %) while that of soil covered with
beans was 19 metric tons per hectare (23 %) , and erosion did not
occur on soil covered with natural vegetation.
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Rainfall Erosion Under Different Tobacco Rotation at the
Escambray Region in Cuba
Consuelo Hernandez; T. Cancio; F. Pena and P. Munoz. Experimental
Station of Soil and Fertilizer "Escambray", Soil Institute, Cuba.
Introduction, The contemporaneous agriculture on tropical
as nas the soii erosion as one or the most
important
limiting
factor.
Ms
a
consequence
of
this
mainly
anthropogenic
factor, the
loss of
fertility
and
the
envlromental pollution results from the in site and off site
effect of this process. A report from the National
Soil
and
Fertilizer Center of Cuba informs that more than 7 0 % of the
Cuban soils are eroded in one or another degree. This results
from the unfavourable conditions with the human activity,
causing the degradation of trie land. The precipitation regime
that e;;eed the 1200mm and occur in a relative short period in
a form of heavy rain, the ondulated topography
and the
unefficlent erosion control can cause soil losses in a range
of 15—150 t»ha/year at the Escambray region
(Moskvishov
&t.
a.1 1982). The present investigation is the result of seven
years working on crop rotation applied to tobacco
interprice
where two important crop within the rotation.
Materials and Methods.
The investigation was carried out
during the years 1985-1992 at the Experimental
Station of
Soil and Fertilizer ''Escambray" which
is located at about
22°09:' north latitude ana SO 06" west longitude at a
height
of 120m over the sea level. The soil was a moderated
eroded
Inceptisoi having an slope of about 57.. Two super iments were
simultaneously conducted; one on a tipical Wisnmeier plot and
the other one at field conditions using the random
block
desing having plots with an area of 30m long and
10m wide.
Both experiments considered five treatments based on the most
important crop rotations for this agricultural
region, Tl:
T21
t o b a c c o-s o r g h u m-m aï z e;
T3:
tobacco-maize-sorg hu m;
tobacco-sorghum; "f'4: tobacco-fallow
and T5ï
tobbaco-maize.
The varieties were as follow: black tobacco
''pel o de or o"
PI—6; sorghum vulgaris LV-6 and maize
"hibrido" T-66.
The
sorghum was sown to be using
as green manure and for
treatments Tl and T2 sorghum had a cut of this foliar
area
and it was plough under as the second and final harvest. For
T3 it had two cuts before been ploughed under.
Results and Discussion.
During the period comprising
the
months May-October,
the
precipitation
regime
presents
frequency, volume and intensity, ponting out the month of June
having the highest erosion hazard, as the 82,2"/. of the storms
provoked runoff and soil losses. It was also observed that the
rainfalls on the range from
10-20mm
have
the
highest
frequency, while those exceeding the threshold of the 30mm
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normally provoked erosion,, On the other
hand the soil
loss
measured on each period of crop
rotation showed that the
erosion should not be attached only to the specific crop but
also to the way they were managed.
It was appreciated
that
when maize is shown before the start of the rainy season (Tl),
the soil loss was lower than when
it was stablished
during
this season <T2 and T5) . In the case of sorghum, when
it was
sown in April <T2) , before the starting the rainy season (T3) .
this result shows the need of arriving
to the rainy
season
having already certain plant cover, able to defend the soil
from the impact of the rainfall and never having a bare soil.
The crop rotation tobacco-falow C.T4) did have the greatest
soil defence, while tobacco-maize <T5) had the lowest one and
the tobacco yield was favoured when applying the crop rotation
tobacco-sorghum <T3).
Conclusions. Under
the premountain
zone of the Escambray
region, characterized by an agressive precipitation regime and
moderade eroded Inceptisols, the natural fallow could
be an
efficient way of defending
the soil against
the rainfall
erosion.
The continous use of green manure increased the available P2O5
concentration and did not alter the riO, pH and organic matter
contents, of the soil, neither the tobacco leaved guality.
Literature cited.
Moskvishov, Y.A., 0. Sanchez, F. Peffa and T. Cancio. 1982.
Final
Inform of the Contract #21348. Minagri, Cuba (In
Spanish).
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An Assessment of Uncertainties in a
Process-Based Soil Erosion Model
M . Tiscareno*, M . A. Weltz, V. L . Lopes, L . J. Lane. Southwest
Watershed
Research Center - Agricultural Research Service - U.S.D.A. 2000 E. Allen Rd.
Tucson, AZ. 85719 U.S.A.
Introduction. Computer simulation models have become important prediction tools for real
natural resources applications. In soil science major advances have occurred with the generation
of physically-based models for simulating soil erosion. The USD A Water Erosion Prediction
Project (WEPP) Watershed model is a process-based soil erosion model designed to simulate the
effects of management practices on erosion and sedimentation of croplands and rangeland
watersheds. WEPP represents a new erosion prediction technology based on the concepts of
stochastic weather generation, hydrology, soil physics, plant science, hydraulics, and erosion
mechanics (Lane and Nearing, 1989). Unfortunately, computer models are still abstractions of
reality and contain simplifications and approximations of the processes being represented. WEPP
simulates many watershed processes to improve the accuracy of model predictions; however,
uncertainty exists in each of the model components. Under field applications, the model
complexity and natural variability of the system frequently induce uncertainty in parameter
estimation. This research assessed uncertainties in the WEPP model caused by model structure
and parameters when the model was used to estimate soil erosion on semi-arid rangeland
watersheds.
Materials and Methods. The uncertainty in the WEPP watershed model was evaluated when
applied to rangeland watersheds using the continuous simulation mode. Under this condition
model parameters are subjected to daily update due to changes in temporally and spatially varying
watershed characteristics. Model uncertainty was quantified by applying a Bayesian Monte-Carlo
approach in which the model capability to make accurate parameter estimation, using the
continuous simulation mode, was evaluated based on observed runoff and soil erosion data on a
rangeland watershed. In addition, sensitivity of daily updated parameters was quantified. To
accomplish this, the 60 ha Kendall watershed located inside the Walnut Gulch Experimental
watershed near Tombstone, AZ was selected. This watershed is representative of millions of
hectares of desert shrub and grasslands found within the Chihuahuan and Sonoran deserts
(Simanton et al, 1985). For this model evaluation observed records of climate, runoff, sediment
yield, vegetation composition, and soils characteristics were utilized. Spatial variability of soils
characteristics and vegetation variables was represented using probability distributions functions
that resulted from sampling 100 points throughout the watershed.
Results and Discussion.
Preliminary results indicate that runoff volume and peak runoff
predictions from hi 11 slopes are very sensitive to rainfall characteristics (depth, duration, and an
intensity parameter), and the parameters and variables that regulate infiltration (saturated
hydraulic conductivity, antecedent soil water content, and standing biomass). Erosion predictions
from hillslopes are highly sensitive to rainfall characteristics. Infiltration and soil cover
parameters significantly affect sediment detachment and sediment delivery from hillslopes.
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Sediment detachment and sediment delivery are more sensitive to the critical shear stress
parameter than to the interrill and rill erosion parameters. However, under high intensity - short
duration rainfall events both sediment detachment and sediment delivery predictions are more
sensitive to the interrill erosion parameter than to the rill erosion parameter. This indicates that
for conditions where no-till management factors are involved, as on rangelands, interrill
erodibility may be the dominant soil erosion factor.
Literature Cited.
Lane L. J. and M. A. Nearing (Editors). 1989. USDA-Water Erosion Prediction Project:
Hillslope Profile Model Documentation. NSERL Report No. 2. West Lafayette, IN: USDAARS-Natl. Soil Erosion Research Laboratory.
Simanton, J. R., C. W. Johnson, J. W. Nyhan, and E. M. Romney. 1985. Rainfall simulation
on rangeland erosion plots. In Proc. of the Rainfall Simulator Workshop, ed. by L. J. Lane,
11-17. Tucson, AZ, 14-15 Jan.
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Quantification of the Impact of Soil
Erosion on Crop Productivity in Chile
P.H.M. Sloot, D.I. Jeldres, K, Morimoto. Project GCP/RLAI107IJPN, FAO
Regional Office, Casilla 10095, Santiago, Chile
A. del Pozo, J. Riquelme, Estación Experimental Quilamapu, Instituto
Nacional de Investigaciones Agropecuarias, Casilla 426, Chillén, Chile
Introduction. In Chile, more than 18 million ha are affected by water erosion,
including more than fin % of its agricultural lands (1). Up to now, few data are
available on the rates of soil loss, or its Impacts on crop yields. Better knowledge
of the local interactions between the physical, chemical, and biological components
of soil and crop, and the influences exerted by man's use of the land will improve
nnr m p u n i t y in
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feasibility of soil conservation works, and ultimately prevent declining yields,
sedimentation into water reservoirs, damage to rural roads etc.
Nfc«tr Ouquerv?S, i n fa VH Region o f Chile, 1NIA (Tnstttoto Naetarwt «ta
investigaciones Agropecuarlas) has Initiated the Installation of field experiments in
which, for a period of at least 5 years, soil loss is measured in on-going trials on
tillage practices. Crop growth and yield, and changes in the remanent soil are also
being monitored.
This paper presents the first results obtained in Cauquenes. The data
obtained are used to calibrate and evaluate the simulation model EPIC (ErosionProductivity Impact Calculator (2).
Materials and Methods. In their experimental area in Cauquenes, VII Region, INIA
has been conducting studies on soil tillage and crop yields since 1986. Since 1993
also soil loss is measured under different types of soil management (3). Treatments
are a) conventional tillage (ploughing/harrowing by animal traction), b) minimum
tillage (chisel plow by animal traction), c) zero-tillage, and d) natural pasture. Crops
grown are wheat and lupine In rotation. Cauquenes is situated in the agroecological
zone of the Secano Interior of Chile's Coastal Mountain Range. The climate is of the
humid mediterranean type, with a total rainfall of around 750 mm per year. The soil
is of granitic origin and belongs to the Cauquenes series. Profiles are strongly
eroded and often completely deprived of their A and B-horizons. Farming systems
are caracterized by low Input levels and subsistency. Eight plots of 11 by 4 m were
installed, with four treatments in two repetitions. Wheat was sown in May. In each
plot the variables measured and monitored, after each storm event, are: soil loss,
amount of run-off, and the loss of nutrients (N, P, K) in th« eroded sediment. At
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f^sed en the data obtained, the computer model on soil erosion and
pr , .. ,tiwty EPIC is being calibrated and evaluated. EPIC simulates hydro!';
ere?. V.T, crop growth, economics, and nutrient and pesticide fiows at field 'evei.
Results and Discussion. The first data obtained in the experiments of Cauquenes
during the 1993-season indicate a ratio of soil loss between the four treatments of
conventional tillage ; minimum tillage : zero-tillage : natural pasture which is
constant for separate rainfall events and lies in the order of 10 : 6 : 1.5 : 1. In the
first three treatments the absolute values of soil loss per rainfall event clearly
decrease with increased establishment of the wheat crop. So far. no yield data are
available for this season, but on-going trials with the same tillage systems show
wheat yields to be statistically equal between treatments. Application of EPIC to the
data-set showed that the model Is capable of simulating soil losses and crop yields
to a reliable extent. The EPIC model however appears sensitive to the quality of the
daily weather data and crop growth parameters.
Conclusions. Quantifying the relationship between soil degradation (both soil loss
from the spot and soil deterioration in situ) and productivity needs more than just
one year of data collection. Nevertheless, the first results indicate a drastic
reduction of soil loss, with an equal crop yield, through reduced tillage practices.
Further studies will allow for more detailed insight into these relatlor
.G.
Plots such as in Cauquenes may serve as valuable tools
g and
extension, of investigators and extensionists, and of farmers, foresters and
politicians.
The use of the EPiC model, if properly calibrated, may allow for the
extrapolation of valuable soil loss-crop productivity data to other areas with similar
circumstances. This in turn will make it possible to refine the existing estimates of
losses caused by soil erosion.

Literature cited.
(1)
Institute Geograflco Militar. 1984. Geografi'a de Chile, Tc;,\o V: Ge*, yraffw de
los suelos. Santiago, Chile.
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Technical Bulletin N° 1768, USDA Agricultural Research Service, Temple,
Texas, USA.
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-"os'or :n Argentina, Bolivia, Brazil, Ci
and Paranuav accordina to the- Arnoldus Model
D. Saintraint, P.H.M. Sloot, K. Morimoto. Pro/eet GCPIRLA/107/JPN,
FAO, Casilla 10095, Santiago, Chile
Introduction. The Arnoldus model of the Project "World Evaluation of Soil
Degradation" executed by FAO, UNEP and Unesco (1,2,3) was used to prepare
a dataDase and a map on soli degradation risks in five countries of South
America. Digitized versions of the World Soil Map (5) and the map of the FAO
project on Agroecological Zones (4) were used to obtain an indication of the
potential magnitude of erosion.
Materials and Methods. An empirical parametric formula was used to quantify
potential degradation: D = f ( C, S, T, V, L, M ), in which D Is here the soil loss
(In tons/ha/yr) through water or wind erosion, C = climatic factor, S = soil factor.
T = topographic factor, V = natural vegetation factor, L = land use factor, M =
exploitation factor. In risk evaluations, relatively variable factors are standardized
and consequently the general formula of the risk evaluation can be stated as
follows: D = f ( C, S, T, K) in which K is a constant representing the standard
conditions of V, L and M. Different procedures were followed to calculate water
erosion and wind erosion separately.
Water erosion: to evaluate erosion caused by water a modification of the
universal soil loss equation (USLE) was used in such a way as to permit its use
in the evaluation of larger areas, with the following factors:
• climatic factor C: this factor was derived from the map of the agroecological
rones, with the length of the growth period and the type of climate as
determining factors.
• soil factor Swale,: an erodibiliiy factor was attributed to each soil unit of the
r A O / U n « i o World Gcil Map. Num*i!c«i values were assigned ta:
soil unit (physical and chemical characteristics), Su.
texture (physical characteristics), St.
presence or absence of stones/rocks debris), Sp.
The soil factor Swaler was determined by the multiplication of these three
values SW4lM = St * Sp * Su.
• topographic factor T: the data on the degree of slope were drawn from the
FAO/Unesco World Soil Map at scale of 1:5,000,000. Three slope classes were
distinguished and their corresponding values of T assigned.
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«tic factor C: same as for water erosion.
ii factor Swind: The valuation is based on the type of soil, texture, presence o
Co oareous material and presence of stones and gravel.
• topographic factor T: As this is not a very Important factor, except for Its effect
on wind velocity, it has not been taken into consideration in the evaluation at the
scale of 1:5,000,000.
Superposition of r aps: The superposition of the digitized maps of the
aaroecojQQic zones (with the factor C) and the sol! mac (with factors S , /S , ,
and T) was made within a GlS to obtain, as attributes to geographic polygenes,
the final values of the factors of degradation distinguished. Potential degradation
(through water and wind erosion) is obtained by the multiplication of these values
as soil loss in ton/ha/yr:
potential water erosion =
C * 8W|1„ * T
potential wind erosion =
C * Swlnd
The potential soil loss (without vegetation) is obtained by adding both types of
potential soil losses. These data were grouped according the following classes
of soil loss (t/ha/yr): none to slight < 10, moderate 10-50, severe 50-200,
excessive > 200. Then, the assembly for the presentation of the maps was made,
with area calculations according these soil degradation classes.
Results and Discussion. The results, based on maps of scale 1:5,000,000, show
that for bare soils the area potentially degraded by water and wind erosion in the
five countries Is divided as follows: none to slight 115,356 km' or 8.3% of the total
area, moderate 2,450,579 km* or 17.7%, severe 5,503,310 km* or 39.3%, excessive
4,732,367 km2 or 34.2%.
In Argentina, 88.1% of the country's area is potentially affected by
moderate to severe water and wind erosion. In Brazil, 89.4% of its area, in Bolivia
83.6%, and In Paraguay 96.1% are potentially prone to severe to excessive
erosion. In Chile potential erosion is slight to moderate on 97.9% of its area.
Literature cited.
(1)
Arnoldus, H.J.M. 1974, Soil erosion, a review of processes, assessment
techniques • FAO/UNEP Expert Consultation on Soil Degradation - Rome,
Italy.
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Arnoldus, H.J.M. 1979. Degradation hazard evaluation. Report of the
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Evaluation Technical and Economics of Soil and Water
Conservation Program in the Eastern Valley of Mexico Basin.
B. Sanchez, A. Llerena. Lake of Texcoco Project. National Water Comission. 2 de Marzo
No.221, Barrio San Pablito. Texcoco, Edo. de México. Tel 91 (595) 4-49-92 and Fax 91 (595)
4-28-32.
Introduction. In 1973 the Lake of Texcoco Project has desarrolled the soil and water
conservation and recuperation in the middle and high part of the Eastern of Valley Mexico
Bassin, with works have the goal are following: recovery of eroded soil for agricultural and
forestal use, correction of the river beds controling sediment acumulation and run off and
vegetation covering in deforested and eroded zones. The works are terraces, furrows, deep
ditches, dams to control sediment obstructions and reforestation.
At present, has been evaluated with studies of Graduate of College (1990 and 1991), and the
Autonomy Chapingo University (1992), but very specificaly the forest plantation established in
the terraces, subsoil, furrows and deep ditches. In this studies only consider with the principal
factor the plant; but not consider the effects, of aquiferous layer, the soils lost and measures the
results of the dams to control sediment and run off.
The results has been very good, but is neceesary to evaluate the works in integral conception on
the bassin and economic impact.
The aims and goal is evaluate the Soil and Water Conservation Works in the Eastern Valley of
Mexico. Bassin, for measures the technical and economics, considered the investment in the
time.
Materials and Methods. For evaluate the works, has been used the metodologies following:
1) The sample taken in the Eastern sub-bassins works: terraces,clithces, furrows, and dams to
control sediment.
2) For measures Economics Efficiency, has been the indicator benefit/Cost relationaship.
3) The concepts measures are sediment, water harnessing etc.
Results.
a) The results has benefiting the vassins environmental condition and giving technical value to
the project.
b) The reforestation survival rate is 23.1%.
c) The erosive process has been reduced by 98%. In 1971, 16.31 ton/hectarea/year was lost.
Presently, only 0.261 ton/hectarea/year is lost.
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d) The soil anhd water Conservation Program has had tremendous
environment.

reverberation on the

e) Run off has been controlled lowering the incident of flash flooding, the decrease in sediment accumulation from the bassins eleven river beds.
Literature Cited.
(1) A. Llerena and B. Sanchez 1993. Hidrologic Development of Ex- lake Texcoco Bassin.
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(4) S.A.R.H.-C.N.A. Proyecto Lago de Texcoco, 1991. Evaluación del Programa de Reforestación del Proyecto Lago de Texcoco. (Zona Noreste). AGRIPEFOR S.C. Chapingo, S.C.
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Die Abschatzung der Bodenerosion in einem
regionalen Skalenbereich
B. Murschel und C. Fuchs. Institut für Bodenkunde und Institut fiir landwirtschaftliche Betriebslehre, Universitüt Hohenheim, 70593 Stuttgart, Germany.

Abstract. For a region in Southern Germany of about 3000 km2 soil erosion is estimated with the
help of the GIS ARC/INFO and the USLE model. On this scale all necessary data have to be available from official statistical sources. In this approach special maps of soil erodibility, land use, rain
erosivity are overlayed with a digital elevation model. A hydrological modul to descripe watersheds,
streamnet and rill erosion are linked. The results show the areas with a high risk for soil erosion.
Strategies to reduce the soil erosion are developed. In heterogenious landscapes a higher resolution
Of the da tas is necessary to apply the USLE model in an adequate way.
Einfuhrung. In der hügeligen LöBagrarlandschaft des Kraichgaus im Südwesten der Bundesrepublik
Deutschland stellt die Bodenerosion ein wichtiges Umvveltproblem dar. Zur Reduzierung der
Bodenabtrage werden von staatlicher Seite die Landwirte durch intensive Beratung und die Bereitstellung von finanziellen Mitteln unterstützt. Andererseits wurden mit der Verabschiedung des
Bodenschutzgesetztes in Baden-Württemberg rechtliche Rahmenbedingungen geschaffen, die eine
starke Reglementierung der landwirtschaftlichen Produktionsweise zur Folge haben werden. Zur
Konkretisierung des Bodenschutzgesetzes sind wissenschaftliche Beitrage über Feldmethoden und
Rechenmethoden zur Abschatzung der Bodenabtrage notwendig. Mit dem dargestellten Projekt wird
hierzu ein Beitrag geleistet, indem für ein gröBeres Gebiet flachenhaft die Bodenabtrage geschatzt
werden. Ziel ist die Ableitung besonders erosionsgefahrdeter Bereiche und die Entwicklung von
Strategien zur Reduzierung der Bodenerosion unterhalb der tolerierbaren Bodenabtrage.
Material und Methoden. Für ein rund 3000 km! groBes Gebiet im Südwesten der BRD wird die
Bodenerosion für einzelne Ackerschlage unter Anwendung des Geographischen Informationssystems
ARC-INFO mit Hilfe der Universellen Bodenabtragsgleichung (USLE; 3) geschatzt. Dieses Modell
wird weltweit zur Schiitzung der langjahrigen mittleren Bodenabtrage eingesetzt und benötigt
Informationen über die Regenerosivitat, Bodenerodierbarkeit, erosive Hanglange, Hangneigung und
das Produktionsverfahren. Für gröBere Untersuchungsgebiete sind schlagspezifische Untersuchungen/Schatzungen der notwendigen Parameter zu aufwendig, weshalb auf die Verwendung relativ leicht verfügbarer Datenquellen besonderer Wert gelegt wurde. Die Erstellung eines Digitalen
Gelandemodells (DGM) erfolgt mit Daten des STAATLICHEN LANDESVERMESSUNGSAMTES. Diese Daten liegen für das gesamte Untersuchungsgebiet in einem Raster von 50m vor. Die
Ableitung des DGM aus Höhenwerten erlaubt die Berechnung der Hangneigungen und Expositionen.
Schlagspezifische Informationen über die Grenzen der Schlage und die Anbaukulturen sind
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ungenügend vorhanden. Für unsere Zwecke wurde auf vorhandene Satellitendaten (LANDSAT) zurückgegriffen. Diese Informationen liegen in einem Raster von 30m vor. Durch Klassifikation und
Eichung kann die Landnutzung schlagspezifisch abgeleitet werden. Die Auswertung mehrerer Jahre
ergibt einen Überblick über die angebauten Fruchtfolgen. Siedlungs- Wald- und StraBenflachen
werden durch Überlagerung mit Rasterdaten der gescannten TOPOGRAPHISCHEN KARTEN
1:50000 herausgefiltert. Informationen über die Bodenerodierbarkeit werden aus den verfügbaren
Daten der Bodenübersichtskarten 1:200000 bzw. der Bodenkarten 1:25000 des GEOLOGISCHEN
LANDESAMTES abgeleitet. Die Regenerosivitat ist eine Funktion des mittleren langjahrlichen
Niederschlags und wird aus den Informationen des amtlichen Wetterdienstes bestimmt. Die Erstellung einzelner thematischer Karten und deren Überlagerung erfolgt auf einer workstation (IBM RS
6000). Die Berechnung der FlieBwege, Tiefenlinien und Wassereinzugsgebiete erfolgt über ein
hydrologisches Modul, wobei die Klassifikation des Gewassernetzes nach STRAHLER (2) erfolgt .
Für Tiefenlinien kann die Bodenablösung und der Transport in Rinnen nach LANE und FOSTER (1)
geschatzt werden.
Ergebnisse und Diskussiun. Für die Schatzung der Bodenabtrage eines rund 3000 km2 groBes Gebiet ist die Datenqualitat und Datenverfügbarkeit von entscheidender Bedeutung. In diesem Skalenbereich ist eine eigene Datenerhebung nur in geringem Umfang möglich und sinnvoil. Die hier verwendeten Daten sind überwiegend aus amtlichen Unterlagen entnommen und zeigen eine Übersichtsabschatzung über das Risiko der Bodenabtrage. Aus den Ergebnissen werden die Problemflachen deutlich und sind Strategien zur Reduzierung der Abtrage durch Umstellung der Produktionsverfahren bzw. durch Anderung der Flurgestaltung darstellbar. In homogenen und ausgeraumten
Landschaften ist die Abtragsschiitzung mit gröBerer Sicherheit verbunden, als in Gebieten mit vielen
Kleinstrukturen. Insbesondere Stufenraine in der Agrarlandschaft verandern die Hangmorphologie
und damit das Abtragsgeschehen. Hier ist eine höhere Auflösung des DGM notwendig. Die Abtragsschatzung wird zukünftig genauer erfolgen, da die Auflösung der topographischen, boden- und
Pflanzenanbauinformationen in den nachsten Jahren deutlich verbessert wird. Für groBflachige Abtragsschatzungen ist die Anwendung des USLE-Modells sinnvoil, da dem Einsatz komplexerer und
starker physikalisch ausgerichteter Modelle deren hoher Datenbedarf gegenübersteht.

Literatur
(1) Lane, L.J. and G.R. Foster. 1980. Concentrated flow relationship. In: W:G. Knisel (ed.): CREAMS: A Field Scale Model for Chemicals, Runoff, and Erosion from Agricultural Management Systems. Volume I. U:S.Department of Agriculture, Conservation Research Report, 26, 640pp., illus.
(2) Strahler, A.N. 1957. Quantitative Analysis of Watershed Geomorphology. Transaction of the
American Geophysical Union. Vol. 8, Number 6, pp. 913-920.
(3) Wischmeier, W.H. and D.D. Smith. 1978. Predicting rainfall erosion losses. US-Dept. of Agric.
Handbook 537.
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Evaluation of Actual Erosion of Cuba Using Remote
Sensing and Measures for Management and Control.
Map. at Scale 1:250 000
J.M. Perez Jimenez, M. Riverol, E. Suarez, A. Ancizar, N. Castro, F. Pena, E.
Vega and M. Azcuy. Institute of Soil. Ministry of Agriculture P.O. Box 8022,
Havana.
INTRODUCTION. The map of actual erosion of soils of Cuba at escale
1:250 000 was make using the interpretation and
lecture of aerials
and cosmics images, and uppon the basis of the pedological materials
in existence, permiting the determination of diferent degrees of
erosion and its areals units, as soon as the national cuantification
of this phenomena.
In this way was stablished the measures for control and management
of each type of soil to agree with the degree of erosion (1).
MATERIALS AND METHODS. Used materials were: Cosmics photographys at
scale 1:250 000. Genetic
Soils Map of Cuba, scale 1:250 000, and
topographic maps, scale 1:250 000.
The method of work
was elaborated by Perez Jimenez et al 1988, and
is based in the compilation of all available information, maps and
other works about the studied
area (geomorphology, vegetation, crops, soils, climate, e t c ) ; as soon as the selection of photographic
material, in order to elaborate the patterns of interpretation that
will be identified on field, permiting the elaboration of final
map
and legend.
RESULTS AND DISCUSSION.
The areal unite were defined uppon the basis of interpretation of
cosmics photographys, taking the relationship betwen directs and
indirects indexes, completing
the information with whole data,
obtained
in the compilation of available information
about the
studied area (2).
Its permit the determination
of 5 degrees of erosion: Withot erosion, weak erosion, media erosion, strong erosion and very
strong
erosion, there are diferentiated by the loss in centimeter of soils
horizons.
In this work
is obtained a major precission in the areals units,
specially those that are occupyng completelly defined reliefs, is
the case of degrees of erosion: without erosion, strong erosion and
very strong erosion.
In the general studied area about 107 145.0km 2 , the soils without
erosion are occupyng 66 871,8km 2 (62,4V.) weak erosion, 19 961,2km 2
(16,8"/.), media erosion, 6,61,1km2 (6,2*/.), strong erosion, 7 916,9km 2
(7,4*/.) and with very strong erosion, 7 740,2km 2 (7,2"/.). The total
area of eroded
solis is about 42 279,4km 2
equivalent at 37,67. of
whole studied area.
The methods for control and management that were recommended
are:
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In areas without erosion and weak erosion should be employed
simple
measure of control like crops rotations, minimum tillage etc; whilst
in soils with media erosion, strong erosion and very strong
erosion
is necessary more complex methods in order to mew cultural
pattern,
agronomics or mechanics methods.
LITERATURE CITED.
(1) Ascanio, 0; Riverol, M. y Perez Jimenez, J.M 1983. Antecedentes históricos de la erosion como fenómeno de
empobrecimiento en los suelos cubanos. Instituto
de Suelos,ACC, Reporte de Inv. 8:l-12p.
(2) Perez Jimenez, J. ft; Suarez E; Portuondo, 0 y Padrón, C.
1786. Perspectiva de utilización de las fotografias
cósmicas en la confección del mapa de erosion de
los suelos de Cuba, escala pequena. Inst, de
Suelos, MINAG.
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A Code System in Order to Determine and Evaluate the Erosive
Process of Resource Soil
H. Espinoza, and Becerra. Department of Soil Science, Universidad
Chapingo, 56230 Chapingo, Mex., Mexico.

Autonoma

Introduction. In the development of the conservation programs of
soils and combat to erosion is necesary the identification of
mainly areas. A rapid technique and of low cost that permits us
the qualitative and quantitative appreciation of soil erosion is
the fotointerpretation.
Nevertheless, always is necessary the field verification. Combining these two activities are classified areas according to erosion type or gradual stage of the process.
Materials and methods. Consists of the following stages: Detailed
fotointerpretation of the different levels of actual erosion elabo
rating a photographic general pattern, this based on the photographic elements as tone, texture, topographical site and specific
pattern.
Field journeys in order to establish sampling sites at each one
them detected erosion levels, taking like field indicator the
exposition of roots,presence of particular erosion forms, slope
gradient, percentage of vegetable covering, soil depth and laboratory parameters since texture of the superficial soil and content
of organic material.
Determining the affected areas by land pattern in several taking
dates, and calculate the change appraisal
Results and Discussion. The studio was driven in two land pattern
from the State of Tlaxcala ("Espafiita", 375 hrctares; "Tlaxco",
655 hectares) selected on the satellite image in false color. Was
gotten the erosion code system in the verification of detailed
fotointerpretation with the field work, that next show in the
square 1.
Square 1. Code system of erosion areas in the land patterns.
Code number
(erosion levels)
1

2

Description of the field indicators
Without exposition of trees roots; slope form
since regular to level and concava; texture of
franc to loamy crumb.
Without exposition of trees roots; superficial
depth of "tepetate" and very degradate grass;
slope form convex and regulate.
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3

4

5

6

Occasional exposition of root's trees; washed
soils, withnesses of pedestals, superficial
furrows and relict soils, isolated out cropping of "tepetate"; degradate grasses; slope
regular and convex, texture clay, sandy crumb
and franc.
Occasional exposition of root's trees; washed
soils, witnesses of pedestals, furrows, relict
soils, notorious pinnacles and occasional young
gully; slope form concave, regular and convex;
texture franc and crumb.
Exposition of root's trees; washed soils,
pedestals, furrows, pinnacles, gullys; areas
without specific use;slope form regular, conca
ve and convex; texture sandy crumb and franc.
Exposition of root's trees; pedestals, pinnacles, areas of mature and old gullys; slope
form regular and concave; texture sandy crumb
and franc.

This code system is more extensive in a class which proposed by
the FAO.

Literature cited.
Cihlar, J., 1987. A methodology for mapping and monitoring
cropland soil erosion. Can. J. Soil Sci. 67:
433-444.
Espinoza H. 1992. DinSmica de la erosion hidrica y eolica en el Es_
tado de Tlaxcala, Tesis de maestria en ciencias.
Colegio de Postgraduados, Montecillos, Méx. 170
pag.
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Un Système d'Information Géographique sur l'Afrique de
1'Ouest appliqué a I'étude des facteurs de l'érosion.
O. Planchon, D. Rémy, C. Valentin. ORSTOM, 01 BP 182 Ouagadougou 01,
Burkina Faso.
Introduction. Le programme SALT (SAvanes a Long Terme) a pour objectif I'étude des
savanes ouest-africaines : les processus qui règlent leur dynamique, leur evolution a long terme
et leur sensibilité aux facteurs du milieu susceptibles d'évoluer rapidement au cours des
prochaines décénies. Des stations de mesure et d'expérimentation sont suivies dans 5 pays
d'Afrique de 1'Ouest, le long de deux axes perpendiculaires d'aridité croissante de Cóte d'Ivoire
au Burkina et de continentalité croissante du Senegal au Niger. Dans le cadre de ce
programme, un Système d'Information Géographie (SIG) a été mis en place pour fournir une
aide a la régionalisation des données recueuillies sur 1'ensemble des sites du réseau.
Ce travail présente ce SIG et fournit les résultats d'une étude des facteurs de l'érosion en
Afrique qui a pu être menée grace a cette base de données.
Le milieu Physique. Le milieu physique de l'Afrique de 1'Ouest est décrit sur 4 couches du
SIG qui décrivent respectivement (i) la geologie, (ii) les sols, (iii) le relief et (iv) la vegetation
Le plan vegetation est issu de la carte de la vegetation de l'Afrique Unesco/AETFAT/UNSO
(1). Les autres plans sont issus de 1'Atlas Ouest Africain de 1'OUA (2). Ces quatre plans sont
croisés dans le SIG et la superficie de chaque association deux a deux est calculée. Un tableau
de contingences generalise est ainsi obtenu et analyse par classification automatique. Sur la
base de ces résultats, des regroupements ont été faits et fournissent une "carte des paysages
Ouest-Africains" qui met en evidence 19 associations caractéristiques entre type de sol,
vegetation et geologie.
Les elements climatiques. Le climat est décrit dans le SIG par 48 couches qui représentent,
pour les douze mois de 1'année, (i) la hauteur des precipitations, (ii) la temperature moyenne
journalière, (iii) 1'hygrométrie moyenne journalière et (iv) la position par rapport au FIT. Une
Analyse des correspóndances sur le plan résultat du croisement de tous les elements
climatiques est réalisée. Une classification automatique sur 1'espace factoriel de 1'AFC fournit
un plan unique récapitulant les principaux traits du climat.
L'érosion en Afrique. L'érosion est décrite par 4 couches, issues de la "World Map of the
Status of Human Induces Soil Degradation" (3). Ce sont (i) la nature de l'érosion dominante,
(ii) le pourcentage de la superficie affectée par l'érosion, (iii) le niveau de degradation des
terrains affectés et (iv) les causes principales de l'érosion.
La nature du phénomène érosif dominant permet de distinguer l'érosion (i) hydrique (abrasion
des horizons superficiels ou mouvements de terrain), (ii) éoliène (ablation, mouvements de
masse ou depots stérilisant), (iii) physique (Compaction, encröutement et battance, innondation
ou subsidence des sols organiques) et (iv) chimique (perte de nutiments ou de matière
organique, salinisation, acidification ou pollution). Le degré de degradation distingue (i)
l'érosion faible dont les consequences sont réversibles et limitées au domaine agricole, (ii)
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l'érosion modérée qui provoqué des pertes de rendement importantes mais qui peut être
contrölée au niveau local par 1'amélioration des techniques de mise en valeur, (iii) l'érosion
forte qui nécessite des travaux de génie civil pour que les terrains qui en souffrent soient
restaurés et, enfin, (iv) l'érosion extreme qui a provoqué la perte irreversible des terres pour
1'usage agricole.
Les facteurs de l'érosion. Le croisement de 1'ensemble des couches du SIG et 1'analyse
discriminante sur chacune des couches de l'érosion est effectuée. Les résultats indiquent que la
limite entre érosion éolienne et hydrique correspond aux limites entre les domaines soumis a
1'harmatan et a la mousson. La frange cötière regroupe les zones les plus marquees par
l'érosion chimique, tant du fait de la faible altitude et de la proximité de 1'océan qui permet les
invasions salines que du fait des fortes pluviosités enregistrées sur les cötes du golfe de guinée
et qui provoquent le lessivage des sols. L'analyse montre ainsi que la nature du phénomène
érosif dominant est, en Afrique de 1'Ouest, principalement déterminée par le milieu physique.
Elle relativement peu dépendante des autres facteurs étudiés On constate ainsi que les mêmes
causes (surpaturage, mauvaise utilisation des terres, ...) ont des effets différents selon leur
localisation géographique. En revanche, le niveau de degradation des terres est toujours bien
corrélé a la densité de population.
Conclusion. La récente mise en exergue de la question de 1'évolution planetaire a incite la
mise en place de programmes a vocation régionale ou continentale. La maïtrise des
informations collectées a cette échelle est facilitée par des Systèmes d'Information
Géographique du type de celui qui est présenté ici. Dans le Programme SALT (SAvanes a
Long Terme), ce type d'approche répond au besoin de régionalisation des résultats obtenus sur
des sites expérimentaux répartis sur toute la region. Il permet également une analyse fine des
tendances locales des phénomènes étudiés et fournit ainsi une aide utile a la programation,
1'encadrement et 1'animation de la recherche dans un réseau tel que celui généré par le
programme SALT, géographiquement étendu, mettant en relation de nombreux partenaires
institutionnels et recouvrant un large champ multidisciplinaire.

Bibliographic
(1) UNESCO, 1981. Carte de Vegetation de 1'Afrique.
(2) OUA, 1971. Atlas International de 1'Ouest Africain.
(3) Oldeman (LR), Hakkeling (R.T.A.), Sombroek (W.G.) 1991. World map of the status of
human-induced soil degradation. Wageningen : International Soil Reference and Information
Center.
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Simulated Erosion and Residues Management Effects on Alfisol
Soil Productivity, Under Sorghum Crop
Deyanira Lobo L., and Rigoberto Vivas R. UCV. Edaphology Institute
Agronomy Faculty. Maracay, Venezuela.
Introduction
The loss of soil productivity as an erosion consecuence
has
been
largely acknowledged. Frecuently the problem
is not
recognized
until
the decrease in soil
productivity
is
apparent. (Langdale and Shrader, 1982.»
The processes involved in the loss of soil productivity
are
of
different
nature
(USDA/SEA-AR,
1981) and
they
are
generally interrelated.
A methodology of evaluation of the impact of erosion
on
soil
productivity
is to evaluate the crop yield
after
the
complete or partial removal of the surface soil.
(Langdale
and Shrader, 1982).
The management of plant residues on the soil surface is an
option for restoring soil productivity. <Lal, 1980)
Materials and Methods
The experiment was carried out under greenhouse conditions on
a Typic haplustalf soil, located
in Chaguaramas, Guarico
State, Venezuela.
The treaments included 0, 50 and 100 Z removal of the surface
horizon, and 0, 2, and 5 Mg/ha of residues
(Cenchrus ciliiris)
left on the surface, in a completely randomized
experimental
design, with three replications.
The experimental units were erosion boxes (20 cm >; 30 cm and
10 cm depth) each with five plants of sorghum, which
were
harvested after 40 days.
Simulated
rainfall (24.5 mm, at 90mm/h) was applied every
5
days. Soil, water and nutrients losses, plant height, dry
matter production, and root depth were evaluated.
Results and Discussion
Water and soil
losses, plant height and root depth
were
negatively affected by removal levels. The differences
among
removal
levels were highly significant. The increases in
levels of residue s cover resulted in decreases of water and
soil
losses, and increase in plant height and
root depth.
(Figures 1 and 2 ) .
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SIMPLIFIED ESTIMATE OF SINGLE STORM
EROSION INDEX
F. D'Asaro - Associate Professor, DITEC, Universita delta Basilicata, via N.
Sauro 85, 85KX) Potenza - Italy
V. Bagarello - Researcher, Dipartimento S.A.V.A., Universita del Molise, via
Cavour 50, 86 KM) Catnpobasso - Italy
Introduction. The rainfall factor R of the USLE is a numerical descriptor of the ability of rainfall
to erode soil (WISCHMEIER, 1959). For a given location, it is the long-term average of the annual
values Ra, which, in turn, are given by the sum of all the single storm erosion index values EI for the
yearj. The index EI |MJ-mm-ha '-h ' | for an event is the product of total storm energy E |MJha ' |
and maximum 30-min intensity i w |mm-h~'l:
EI = E i 30
(1)
Unfortunately, the calculation of EI is tedious and time-consuming and requires a continuous record
of rainfall intensity. Therefore many Authors have proposed simplified relationships for estimating
the rainfall factor. A widely applied relationship has the following form:
EI = a-h c P
(2)
where r^ is the storm amount |mm|, a and p are coefficients. The a coefficient generally shows
both spatial and temporal variability which is a result of several interrelated factors like shape of the
storm, location and season. The exponent p\ obtained either by theoretical or empirical approach,
frequently approximates 2; however in some empirical relationships it assumes values less than 2
(ATESHIAN, 1974) (LOMBARD1, 1979) (RICHARDSON et A!., 1983) (BROWN, FOSTER,
1987). The objective of this study is to develop a simplified method for estimating the single storm
erosion index in the mediterranean area. In particular, data from 32 Sicilian locations are used to
derive a regionalized relationship for estimating the El index from only storm amount data. The
seasonal variability of the a coefficient is also studied.
Materials. Data for this study were obtained from 32 rain-gauge stations located in Sicily (Italy),
which is a large (25,708 km 2 ) central island of the mediterranean sea. A twenty-year long period,
ranging from 1951 to 1970, was considered for most stations (D'ASARO, SANTORO, 1983). Only
storms with h c >13 mm were selected in order to calculate the single storm erosion index, EI,
according to Wischmeier, Smith (1978). The total number of selected erosive events was 5531.
Regionalized Relationship Between the EI Index and Storm Amount. In order to derive
a simplified relationship between EI and h e for Sicily, the potential function (2) was assumed. The
seasonal variability of the a and p parameters was at first studied. For each location the p value
showed no temporal variability and therefore was assumed constant; on the contrary, the a
coefficient showed a temporal variability that, in order to simplify the relationship EI(h c ) was, at
first, neglected. The low values of the correlation coefficient, ranging from 0.56 to 0.81, and the
high values of the standard error of estimate of the EI(h c ) relationships fitted for each location are
obviously due to the high variability of the EI values for given h c . The parameter p ranged from 1.22
to 2.08 with a mean value of 1.548 and a coefficient of variation equal to 0.122. In order to derive a
regional relationship EI = EI(h,.), the uniqueness of the parameter p for all the selected locations was
hypothesized and tested. The regional study was carried out by verifying the parallelism of the N =
32 regression equations:
log(EI) = log (<xn) + P n log(h e ) + e
(n = 1, 2, ...,N)
(3)
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The common statistical techniques of the analysis of variance and covariance were used (HALD,
I960) (WEISBERG, 1985). The testing results, for a significance level of 2.5%, confirmed the
parallelism of the regression eqs.(3) fitted for each Sicilian station (D'ASARO, 1992). The
regionalized B* value was equal to 1.538. It can therefore be concluded that the regional relationship
(2) has an exponent equal to 1.538 and a coefficients which vary from location to location. The
value of B* obtained in this study confirms further the finding that the empirical analysis of the
EI(hc.) data could give B values significantly less than 2.
The temporal variability of a coefficient was also studied since it can affect the accuracy of the
model, especially in areas characterized by significant temporal climatic variability.
Results and Conclusions. In the paper, a simplified method for estimating the single storm
erosion index in the mediterranean area was developed by analysing data from 32 Sicilian locations.
It was established that the relationship between the single storm erosion index and the corresponding
rainfall amount can be expressed in a potential form. A single, regionalized value of the exponent 6
was derived; for Sicily it was equal to 1.54. This value confirms that the empirical analysis of the
EI(h c ) data could give B values significantly less than 2. The derived model allows to reproduce
satisfactorily both the rainfall factor and its temporal variability; therefore it is potentially a valuable
tool for erosion studies when only daily rainfall data are available.
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Suivi de la Degradation des Etats de Surface et des Sols par
Télédétection autour de la Ville de Niamey au Niger
(Monitoring of the Erosion of Soils by Remote Sensing in the
Surroundings of Niamey City in Niger)
B. Mougenot, F. Timouk. ORSTOM (Institut francais de recherche scientifique
pour Ie développement en cooperation), BP 11416 Niamey, Niger.
Abstract. The influence of population increasing on soil erosion is studied in the surroundings of
Niamey city in Niger. An historical monitoring of soil surface is realized with aerial photographs
and satellite data (1962, 1975, 1989, 1992, and SPOT satellite in 1988 and 1992). Digitalized
photographs are compared with existing maps and satellite image. Radiometric index allowed to
quantified vegetation covering, soil color and sometimes soil texture. Urban influence is simulated
with concentric aeras around the city. Every map unit is caracterized by its historical and seasonnal
evolution. Results are compared with non urban zones to detect urban influence. Erosion crust and
decreasing of graminaceous and shrub vegetation are observed on plateau and slope. Runoff
increase with impacts on erosion of organic horizon of fields, digging and widening along
temporary river and sand-bank deposits on irrigated fields. Simulation could be realized.
Introduction. La diminution de la pluviométrie moyenne dans la zone sahélienne a modifié le
paysage et entrainé un exode des populations rurales vers les villes. L'objectif est de trouver des
indicateurs de degradation du milieu autour d'une zone urbaine en domaine sahélien, avec 1'exemple
de la ville de Niamey au Niger. La cartographie des états de surface permet de determiner les
potentialités de ruissellement et 1'intensité de 1'érosion en relation avec les encroütements, la
vegetation et 1'affleurement de 1'horizon B tres rouge des sols de la region. Ces indicateurs seront
décrits avec des critères multitemporels d'évolution des états de surface en utilisant des outils de
télédétection aérienne et spatiale.
Moyens et Methodes. Des photographies aériennes de 1962, 1975, 1989 and 1992 (couverture
partielle), et une série de scènes SPOT acquises en 1988 (octobre) et 1992 (J u ' n , septembre et
octobre), permettent de réaliser une cartographie et un suivi historique et saisonnier (1992) des
états de surface : sols nus, vegetation annuelle (herbacées et cultures) et pérenne (arbres et
arbustes). Les cartes sont validées avec des controles sur le terrain le long de transects de reference
(descriptions des états de surface, fosses pédologiques, radiometric de terrain) et par
photographies aériennes a basse altitude pour une meilleure estimation des recouvrements.
Les photographies aériennes a différentes echelles, sont numérisées. Les mosaïques
photographiques sont redressées et corrigées avec des points d'appui GPS, pour être superposables
aux cartes disponibles sur la region (topographie, pédologie, géomorphologie). Les corrections
radiométriques appliquées aux données satellitaires SPOT (atmosphere, angles solaires et de visée),
permettent 1'utilisation d'indices radiométriques performants pour 1'estimation du recouvrement par
la vegetation et la couleur des sols nus. Au cours de cette première phase, les données sur la
croissance de la population seront exprimées sous forme d'aires d'influences concentriques.
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Les zones urbaines et de plateau, generatrices de confusions radiométriques, sont identifies par leur
contour directement a 1'écran. Les données aériennes sont seuillées après une photo interpretation
et une description quantitative des états de surface identifies a posteriori. Des zones d'entraïnement
sont choisies le long des transects de reference et caractérisées d'après leur moyenne et écart-type
sur les néocanaux satellitaires (vegetation, couleur et rougeur). Une analyse multivariée permet de
dégager des classes et de réaliser des spatiocartes qui sont croisées avec celles obtenues d'après les
photographies aériennes. Deux zones non urbanisées servent de témoins (plateaux de brousse
tigrée tres entaillés au sud, et bas-fond cultivés et plateaux au nord). Les résultats sont confrontés
aux zones témoins et 1'influence urbaine en est déduite.
Résultats et Discussion. Les sols les plus degrades, en permanence denudes, sont facilement
cartographies en saison des pluies. On peut identifier la trace des arbres ou des bosquets sur les
scènes SPOT. La photo interpretation a posteriori pour les données anciennes ne permet pas de
lever toutes les ambiguïtés en particulier pour la vegetation basse qui est un témoin essentiel de
1'état de degradation. Une échelle plus grande permettrait une meilieure précision (1/10 000 a
1/25 000).
La degradation de la vegetation liée a 1'urbanisation ne dépasse pas approximativement un rayon de
5 km sur la rive droite. Il atteint 10 a 15 km sur la rive gauche. La vegetation de brousse tigrée
s'est contractée. Elle a disparu sur certains plateaux sans que cela représente un caractère
catastrophique par rapport a son état general dans la region. Ailleurs, la strate arbustive et
herbacée s'est amenuisée ou a disparu. La strate arborée s'est souvent maintenue oü améliorée au
pied des plateaux, bien alimentée par les nappes alluviales et 1'accentuation du ruissellement.
Les surfaces érodées augmentent (croütes d'érosion et de ruissellement), en particulier sur les sols
sableux a pente forte au pied des plateaux. Le creusement et 1'élargissement des "koris" (oueds) est
spectaculaire. II a entraïné, particulièrement sur la rive droite, la fermeture d'un bras du fleuve, la
degradation de champs et la destruction de périmètres irrigués (erosion ou depots sableux). On
observe une utilisation plus importante des fonds de vallée en marafchage, oü de grandes quantités
d'eaux sont maintenant stockées en fin de saison des pluies. Le réseau de pistes et le passage des
troupeaux vers la ville occasionnent des degradations accrues (surfaces nues et ravines).
La combinaison d'indices de couleur et de vegetation permet de quantifier dans une region donnée
1'état de degradation des sols. Des outils d'analyse de la structure selon la composition spectrale
doivent aider ultérieurement a lever les difficultés. La proximité de la ville accentue les effets
observes sur les zones témoins. Il n'est cependant pas toujours aisé de différencier la part de la
degradation liée a 1'urbanisation proprement dite, a 1'intensification des cultures, et au climat. Les
résultats doivent être confrontés aux critères de développement urbain au sein d'un S.I.G.
Conclusions. Des indices simples de télédétection utilises pour le domaine naturel, peuvent être
obtenus pour la caractérisation et le suivi de la degradation des sols en domaine périurbain.
L'utilisation de documents anciens est largement facilitée par les moyens de numérisation actuels.
Ils permettent d'accorder une grande valeur au bilan realise actuellement sur la region, de quantifier
les résultats et d'envisager une modélisation en relation avec 1'accroissement de la population et
1'état du milieu. Un suivi tous les 3 ans peut être préconisé avec une image en fin de saison des
pluies et une en saison sèche.
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"Change Rate": A Complementary Metodology to Evaluate the
Soil Speed Erosion
A. Becerra M., J.L. Tovar S. and H. Espinoza E. Departamento de Suelos,
Universidad Autónoma Chapingo, México.
Introduction. Erosion is one of the main process of soil
degradation. Its evaluation may be on an estatic (actual state,
risk) or dinamic (speed erosion) perspective. Utilizing the FAO
(1984) methodology with "percent discovered topsoil" criteria, it
is posible to charthography areas with different erosion level,
and if that is carried for two times, we may be estimate the speed
erosion average. Neverthless, in this last, the increment in the
surface of an actual erosion class, necessarily implicate the
reduction in other class, and that make confusion; With what
greatness and felt the process was advanced in that period?
Methodology. Assuming that is comparable the change in relation
with erosion level in adyacent class, the global "change rate"
(CR) with different erosion class will be: CR = 10000£Ai/A, were:
CR = Change rate in m /ha-year; Ai = Areas that change of class,
(ha); A = total area, (ha). This procedure was applied in an study
carry out in Coatlinchan, Mex. (Becerra, 1992), using photointerpretation and the FAO (1984) methodology for to determine speed
erosion, with aereal photography 1:21500 scale of 1974 and 1989,
in 4312 ha.
Results and discussion. The obtained results for speed erosion are
showed in Table 1. This information, like that introduced it is
relatively poor and confused; then an detailed analysis of them
resulted it indicates, for example, that the increase of surface
for the class "slight" didn't constitute advance of erosion but
for the contrary, an improvement, because the aditional surface
came from more deteriorated classes. The utility of them results
will be better if they are introduced the way show in the Table 2.
With these data base an opinion on the appraisal of change (CR)
resultant is :
CR = (165.7 - 246.9 - 67.9)(10000)/ (4312 ha)(15 years)
= -1491000/64680 = -23 m /ha.year.
This result indicate that the erosive process was reverted in the
zone during the considerate period, to an average appraises of 23
m /ha.year.
CONCLUSION. The "Change rate" constitute an useful complement upon
evaluating the speed of erosion, indicating the tendency global
average of the process of erosion and/or recuperation of the soil
in a given surface.
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Table 1. Speed erosion in Coatlinchan, Mex. in 1974 - 1989. 1991,
Actual state of
erosion
Slight
moderate
severe
very severe
urban area
mines

Speed erosion

Increment in %
surface/year
1.53
-1.61
2.66
-0.49
9.30
(*)

moderate
(- moderate?)
severe
(- slow?)

There was not mines in this zone in 1974, but in 1989 these
ocuppy 44.7 ha

Table 2. Changes in the surfaces (ha) with several
erosion of 1974 to 1989 in Coatlinchan, Mex. 1991.

grade of

Classes of actual state of erosion
year
1974

light

moderate

severe

885.6

1888.6

584.8

42.7 —
246.9 <-

1889

1089.8

Towns

mines

30.6

0.0

very severe
922.4

-> 42.7
246.9
44.7
165.7
1431.3

> 44.7
->165.7
67.9 <818.4

- 67.9
854.9

73.3

44.7

Note: The arrows i nd icate the c1asses In that ocurred the change;
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Complementarity
and
contradictions
of
t h e g u l l y e r o s i o n SLXX<± t h e
solifluxion
in t h e S o u t h e r n Fr-enoh A l p s
L.DESCROIX, ORSTOM-CENID-RASPA,

Gomez

Palacio,

Dgo,

Mexico

Introduction: In the Southern French Alps, the past centuries
have known two phases very different in the employment of
space:
- a first phase of demographical increasing pressure
on the space and the soil: the erosion caused by gullies have
been general, and there is now a great extension of bad-lands;
a second phase caracterized by a heavy rural
exodus, the agricultural cancellation resulting in a lack of
territorial maintenance that provokes numerous phenomenons of
solifluxion.
Gully erosion and solifluxion appears dissociated in space
and time. Nevertheless, their interaction is large (fig.1).
Materials and methods.
Gully erosion (forming bad-lands) and
solifluxion have been measured by simple and classic methods:
- parcels of land with gutters of 1 to 3 m-;
- traps of sediments;
- parcels of measuring by "topographical rule"(3);
- samplers in the waterflows;
- "rod's nests" to measure the bed load discharge;
For the measurement of solifluxion:
- couples of marks in vegetalized areas;
-"creeping marks" for nude soils.
We wanted to know the speed of process of gullying and
solifluxion by intersecting these methods to have the most
posible results, in order to analyse the tranfer of scale and
to determine by simple and multiple regresion the main facuor:=
of the process. Results have been matched with the following
parameters:
- number of alternance frost/thaw;
- number of alternance moister/desiccation;
- thermic variations out-frost;
- precipitation and intensity of the rain;
.

,.

.
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R e s u l t s and d i s c u s s i o n . The
annual erosion have been
measured to lcm/year in the
black marl (fig 2) and in
the blue marl, 2cms/year in
the glacial fields. In the
black marl, the bad-lands
are very deep and large
because of the thickness of
the mantle (2000m).

fig. 1; Eiaaple of cross section in bad-luds -ihck larl- (li.
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—
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The rain intensity is classically the main cause of
erosion (determinant factor at 80%); the other factors that
have been studied do not participate more than 10% of the
explanation, the rest is depending on other elements not
considered here. The regresion between Erosion (E) and their
factors (Ek= Kinetic Energy, TI= Thermic Index, DD= Number of
dry days before the precipitation) is:
E = A.Ek + B.TI + C.DD + D
with R2 = 0.7 to 0.9
A = 3 to 11, B = 0.1 to 0.3, c = -6 to +3, D = -73 to 11,
depending on the angle dip/pendent, sun exposition, and
lithology (2).
We have also been able to determine the evolution of the
hydric erosion since the final of the glacial period, with
erosive phenomenon correlated with demographical increase.
The solifluxion is more influenced by alternances and
depends on low rain intensity and on both penetration of ice
waves and snow mantle (fig.3). For the solifluxion, we have
been able to distinguish:
- phenomenons in which the man have not interfered
(big rocky crumble, big mud flows and landslides), caused by
the conjunction of the geological and topographical features,
unchained by meteorological or seismic conditions (fig.4).
- more general and constant process with slope
general evolutions and where the lack of human territorial
maintenance is the determining factor.

Brochier L., Mandier P., 1992.: Le cone détritique de la Drome.
Bull, d'études du Quaternaire, 1991.
Descroix L.1994.L'erosion actuelle dans la partie occidentale
des Alpes du Sud. These de Géographie Université Lyon II
Olivry J.C., Hoorelbeck J.1988. Erodabilité des terres noires
de la region du Buëch.ORSTOM, documents, Montpellier.
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Reduction of Run-off Erosion by Soil Amendments With Humic
Substances From Oxidized Coal
A. Piccolo and G. Pietramellara. Dipartimento di Scienze
Universitd di Napoli "Federico II", 80055 Portici, Italy.

Chimico-Agrarie,

INTRODUCTION. Erosion is probably the most serious cause or s o n
fertility depletion in world soils threatening the population
supporting capacity of arable lands. A main factor of erosion
acceleration is the soil organic matter (SOM) decrease due to soil
overexploitation and lack of SOM conservation measures. The
humified fraction of SOM largely contributes to soil aggregate
stability (1) and soil resistance to erosion. However, build up of
such stable fraction in soils is a long natural process requiring
vast amounts of fresh OM amendments (2), so that soil management
practices can generally aim only to maintain the existing SOM
levels (3) .Availability of exogenous humic substances for soil
additions may thus be highly advantageous for the replenishment of
the stable OM fraction in soils and the improvement of their
resistance to erosion. In this study humic substances obtained from
oxidized coal were added to soils with structural problems and
their effect in reducing run-off erosion was assessed with the help
of a rainfall simulator.
Materials and Methods. Humic substances (HS) were obtained by a dry
phase oxidation of a sample of Sulcis (Sardinia) subbituminous
coal. The extraction and purification of HS from the oxidized coal
as well as elemental analyses and functional group analyses are
described elsewhere (4) . Soil surface samples (0-20 cm) were
collected from: A. Principina, Tuscany (Orthic Xerofluvent), and
B. Bovolone, Venetia (Udic Ustochrepts). These soils presented
salinity (A) and compaction (B) problems. Their textural and
chemical characteristics are reported in Table 1.
Table 1. Properties of soils
Sand (%)
Silt (%)
Clay (%)
pH (1:2.5 H20)
OM (%)
CEC (meq/100g)
CaCOj
Conductivity (mS/cm)

A
29.7
54.6
15.7
7.8
2.1
13.9
10.9
8.0

B
44.1
43.5
12.4
7.7
0.7
7.9
3.7
0.7

About 12 0 Kg of soil sample passed through a 4 mm sieve were
placed on expressively built metal carriages (2x0.5 m ) . The soil
beds were spread by a sprinkler device, with 2 L of HS solutions
in order to attain the following
addition rates: 0, 0.05, 0.1,
0.5, and 1 g/Kg of soil. After drying, the soil beds were placed
at a 15% inclination under a rainfall simulator (5) whose three
sprinkler heads, at 4 m above the ground, had a an oscillating
period of 60 oscillations per minute, giving a controlled rainfall
intensity from 35 to 40 mm/h. The starting time of surface water
flow (run-off) at the lower edge of the soil bed after the onset
of the rainfall, that of deep water flow due to infiltration
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through the soil bed, and the total weight of soil eroded by
surface flow were recorded.
Each experience was performed in
duplicate
and
results
(normalized
for
different
rainfall
intensities) are presented in Table 2 .
Results and Discussion. Both soils responded in a similar manner
when undergone simulated rainfall though the noted differences maybe attributed to the different texture. Increasing rates of HS
addition retarded the start of surface flow as compared to the
control bed whereas the onset of deep flow was increasingly
accelerated. This shows that HS were capable to increase the water
Table 2. Run-off and deep flow starting time, and total and percent
of soil loss by run-off.
HS

(g/Kg)

Run-off

(t)

Deep flow (t)

Soil A
Control
Ö.05
0.1
0.5
1.0

9'00'
20'00'
18'40'
20'00'
24'00'

10 ' 0 0 ' '
19'00''

Soil B
Control
0.05
0.1
0.5
1.0

24 ' 10 '

37'00''

17'05'
27'00'
30'00'
30'00'

20 ' 0 0 ' '
12'05' '

16'00' '
15'00' '
lO'OO ' '

14'30' '
16'10' '

Total loss

(g)

%

225.2
143.4
133.1
123 .6
141.8

36.3
41.0
45.0
37.0

171.8
152.3
108.7
110.6
106.9

11.3
36.7
35.6
37.8

retention
capacity
of
the
soils
thereby
favouring
water
infiltration over run-off. Moreover, the amount of soil lost by
surface run-off was significantly reduced by HS amendments. In the
case of soil A, a reduction of soil loss of more than 36% was
achieved by adding 0.05 g/Kg of HS corresponding
only to 100
Kg/Ha, whereas for the slightly less clayey soil B the same % was
attained with 0.1 g/Kg (200 Kg/Ha) of HS. These results showed that
soil amendments with HS can effectively reduce the run-off erosion
thereby representing a potentially important management practice
for soil conservation.
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PROMISING CHARACTERISTICS TO SOIL
CONSERVATION AND FORAGE PRODUCTION FROM
RHODESGRASS SOWN ON SHALLOW AND STONY
SOIL UNDER RAINFALL CONDITIONS.
J . M . Gonzalez. Department of Soil Science,
Postgraduados,
56230 Chapingo, Méx.,

Colegio de
México.

Introduction. Rhodesgrass was introduced to the Tezcoco river's watershed since 1976
and after three years' observations it showed good adaptation and promising
characteristics to be used to protect the soil from water and air erosion (1). Also
Rhodesgrass (RHO) has been sown associated with maize to produce basic grains and
beef in the same area (2). The advantages on the improvement of the soil's properties
through stopping the runoff (3) are currently being studied using RHO as a soil's cover,
and preliminaries results for some characters will be presented in this paper.
Materials and Methods. This study is taking place on a hilly, shallow and stony area,
which lies 29 km NE of Chapingo, Méx., (lat. 19° 29'N) and 2 2 5 0 masl. These physics
characteristics of the area along with its volcanic origin cause both low infiltration and
low capacity to keep water in the soil's profile to grow any annual basic crop. So, the
land under study is degradated, compacted by animal pressure and overgrazed due to
it has been mainly used to graze all kind of herbivorous (sheep, goats, cattle, mules,
donkeies, etc.). After the land was plowed and harrowed on June 1992, 10 kg ha 1 of
RHO cv. Bells' seed were spreaded. The experimental area was surveyed and samples
of soil were took from three different depths through which the soil fertility and organic
matter (OM) content were evaluated, also some physics properties were meassured.
Four levels to N and P (50, 70, 90, 110 and 25, 4 0 , 55 and 70 kg ha"1) respectively
are being tested. The variables height and flower number were evaluated with a meter
and by counting respectively, and a device which has 10 tubes each 1 cm diameter
through which the condition of the land's surface is observed was used to estimate the
soil's cover. The production of dry matter (DM) was evaluated by harvesting 1 m"2 in
each treatment. The behaviour of RHO was no affected for the amount of rainfall, wich
was less in 1993 (420 mm) than in 1992 (627 mm), however the variables under study
showed better performance during 1993.
Results and Discussion. During the first year the behaviour of the grass was driven by
the poor conditions of the soil, and 90 kg ha"1 of N did not improve the RHO's height
and none flower was observed. However, the grass tended to grow and some flowers
were recorded at 110 kg ha'1 of N. The trends of the variables height and flowering also
indicate that flowering initiation in RHO could be strongly correlated w i t h plant's size
which must be up to 40 cm height to start flowering (Fig. 1). Similar findings have been
observed in some Stylosanthes spp. (4). The poor performance of the variables height,
flowering and DM production, in spite of the good soil cover and the higher rainfall in
1992 than in 1993 indicate that the grass was not vigorous enough to stop the runoff
(3). The benefits of plant's height and soil's cover on the stopping of the runoff and
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Table 1 . Effects of nitrogen and phosphorus on the production
of dry matter of Rhodesgrass (Chlori» gayana cv. Bells)
sown on shallow and stony soil under rainfall conditions.

• COV-93

lOO-i

E

•flon-93

90

P H O S P H O R U S (kg/ha)
NITROGEN
(kg/ha)

25

40

55

70

X

1992 50

1.2

1.5

1.8

1.3

1.5

70

1.2

1.4

1.3

2.1

1.5

90

2.0

1.4

1.8

2.4

1.9

110

1.4

2.9

2.3

2.7

2.3

1993 50

3.2

3.6

3.9

3.1

3.5

70

4.3

3.9

3.7

4.3

4.1

90

5.3

5.0

4.4

5.3

5.0

110

4.3

5.8

5.2

6.5

5.5

COV-92

°.

70-

hqh-93

hgh-92

/

, „ - f Ion-92

"~1—
~l—
improvement of the infiltration and
110
50
70
consequently the better conditions of
N I T R O G E N ( kgha" )
humidity in the soil, are reflected in
Figure I Effects of N and P on Height(hgh),
Flower number (flon) and Soil cover
the 1993's data where an increase ( ± ) of
(cov) of Rhodesgrass (CMoiis agy^ng
20 cm and 20 % to these variables
cv Bells) sown on shallow ana stony
soil under rainfall conditions.
respectively, produced a better utilization
of the fertilizers applied and the general
mean to the variables flower number and DM production were increased from 1.25 to
68.5 % and from 1.8 to 4.5 ton h a 1 respectively; both variables showed a strong
positive linear response to the levels of N tested (Fig. 1 ; Table 1). The results observed
allow to state that RHO was well established even from the first year in spite of the
soil's constraints.The soil's cover was important to attach the soil's particles avoiding
theirs split out by the rain energy, but considerable amount of the rain in each event
was lost like as runoff, and both variables height and soil's cover were required to
reduce the runoff through the sowing of RHO on shallow and stony soils.
1
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g u i a n e n s i s v a r . g u i a n e n s i s . Ph.D, t h e s i s , U n i v e r s i t y of
Queensland.
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Stability of Soils and Soil Cover
of Dry Steppe Zone of the Central Asia
O.I.Khudyakov, V.D.Lim. Institute of Siol Science and Photosynthesis RAS, Pushchino,
Moscow region, Russia
Introduction. In modern conditions soils and soil cover stability of dry steppes in many
respects depends on climate aggression and the degree of anthropogenic action. The
most important processes or factors influencing on soil formation in dry steppe zone are
the soil moisture regime.
Soil moisture regime means the change of water content in very genetic horizon and,
on the whole, in soil profile for the definite period of time. Water in steppe soils is
the main regulation factor of productivity of primary output (vegetative associations) in
ecosystems of pasture types. For the first time the correlative regularity between water
dynamics in soil and soils and soil cover stability was revealed.
Materials and Methods. The objects of our investigations were chestnuts soils of Easterns
Mongolia. Observations were carried out periodically from 1972. The beginning of works
on the observative spots was started at the end of may-beginning of June. Soil moisture
was determined by thermostat-weight methods. Samples from soil profiles were collected
from the depth of 0-2, 2-5, 5-10, 10-15, 15-20 sm and then from each 10 sm to the
depth of 100 sm. Collection of samples for moisture was carried out every 10 days and
in addition after every precipitations.
Results and Discussion. In an annual cycle in soil
good expressed season is noted. During winter period
a sublimative effect is predominated when the top
wilting coefficient and when stable wilting of plants

moisture regime in Central Asia a
when soils are in frozen conditions
genetic horizons are dried to the
begins.

Warm period of year (spring-summer) is distinguished by irregular humidification. During
dry years when the sum of precipitations is not exceded evaporation, steppe soils are
developed on the soil type which is characteristic for soils of aridic territories when
products of soil formation are accumulated is soil profile. The development of soils on
aridic type lowers natural soil stability and results in development of water and wind
erosion, intensification of degradative processes under cattle pasture.
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Soil Protection and Explarotion on Account of
Agrophysical Properties
R.G. Mamedov. Institute of Soil Science and Agrochemistry, Baku
Soil in Azerbaijan are spreaded over- the Major and Minor Caucasus
slopes,intermonate plains and lowlands.Most of then need protection
especially slope and irrigated soils, against water- and irrigation
erosion,secondary salinisation and solonezzization. For the purpose
of arranging soil protection
against erosion and effective
exploration it is needed to know agrophysical properties and to
elaborate complex measure aimed at increasing fertility and
productivity.
Perennial investigations of agrophysical soil properties in
Azerbaijan have shown that the speed of erosion process in soils on
slopes mainly depends on antierosion resistance of aggregates,water
permeabi1ity,steepness of slopes and occupation with perennial tree
and bush plants.
It has been stated that main diagnostic factors of soil and plant
fertility and productivity are evaluted by optimal values of
water - resistant mao-oaggregates , air , productive moisture ,
nutritive elements, water permeability, sum of active temperatures,
density of composition, colloidal fraction, humus,solonets, salinty
and other factors.
Results of perennial investigations have shown that optimal values
of soil agrophysical properties for- normal growth,development and
yield of agricultural crops in 1 m layer are as follows: humus is
4,5%,sum of exchange base is 35-40 mg.eg.per- 100 g soi1;content of
easily soluble salts is less than 0.3%,nutrient elements:phosphorus
is 25-30 mg/kg, potassium is 350-400 mg/kg;content of absorbed
sodium from the sum is less than 10%; pH water suspension is 7-3 ;
water-stable macroaggregates-60%;sum of productive mousture is more
than 50 thousand mm;density of composition is 1.1-1.2 g/cm3; air
content at field moisture capacity is 15-20% of soil volume; water
permeability speed is more than 2 mm/min;annual sum of active
temperaturesCmore than 10 C>is more than 3000 C,amount of estimated
productivity of soils is more than 30% of optinal one.
By analising results of study on soil agrophysical properties,i.e.
main vital factors of crops,it has been revealed that in main zonal
types of soils in Azerbaijan the deficit of optimal values is the
following:sum of active temperatures<more than 1000 C)in mountainmeadow and mountain-forest brown soils; water resistance macroaggregates , water permeabi1ity,air content,density,nutrient elements
in main mountain-chernozems,mountain-grey-brown soilshumus content,
in soils of plain and lowland regions there is not enough
productive moisture, water resistant, macroaggregates, air- content,
nutrient macro and microelements,they are often salty and solonets
(1,2,3,4,5,6,7,3,9,10).
Control and optimization of soil agrophysical properties in
Azerbaijan needs complex differentiated measures. In high mountain
zones it is necessary to fight against erosion process by
controlling pasture,sowing of high productivity herbaceous plants,
and application of mineral ferti1izers.In forest zones one must see
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to tree fel ling,care should be taken that necessary and favourable
conditions are brought
into being on forest glages,and forest
plantation are to be planted.On
the glages of slope xerophytes
forests mountain
terrace gardening and vine-growing can be
developed . In grey - brown soils on slopes mountain terrase
vine-growing and gardening is recommended to develop, sowing of
cereals should be prohibited, in sierozems, meadow sierozems, and
sierozemlike meadow irrigated soils of plains and
lowland
it is
necessary
to use lucerna-cereals-cotton alternation of cropsjto
create windprotection
forest bands; to use effecient norm of
irrigation and drainage.In solonetz soils it is recommended to use
widely gypsum biomineral
acidifiers , manure , superphosphate ,
irrigation and cultivated crops <in the first place lucerne and
cotton).In hing salty soils and
solonchaks it is essential to
widely use closed collector-drainage
networks, deep loosening,
efficient norms of irrigation and washing,organic fertilizers,
superphosphates, biomineral acidifiers, cotton in the first place,
sorghum with elevated norm of irrigation and drainage.
It is advisable
to proceed with observations
over changing
agrophysical
soil properties under stationary conditions after
complex measures aimed at controlling and optimization in different
soil climatic zones of Azerbaijan have been applied.
To proceed
seeking new ameliorants
to improve
agrophysical
properties of irrigated, solonets and salty soils of plains and
lowlands
it is essential to find methods preventing from physical
evaporation
of soil moisture in irrigated soils which amount to
40-50% . A care should be taken that agrotechnical practices
established
in the world's experience of land use is strictly
observed with regard to specific feature of each plants.
Universal
application
of complex measures aimed at optimizing
agrophysical soil features,i.e. main vital
factors of plants and
indexes of fertility helps to normal plant growth and development
to provide an abundance of food-stuffsand save the population from
starvation.
Literature cited.
<1> Mamedov R.G.1989.Agrophysical properties of Azerbaijan soils,
Baku.

<2) Mamedov R .G.1990.The improvement of agrophysical properties of
soils journal "Soil Science" ,NX 5,Moscow.

(3) Mamedov P .G.1990.The meliorative anthoropic-degraded physical
properties of Azerb.soiIs.Kyoto,Japan.

<4) Mamedov R .G.1980.The agrophysical characteristics of Azerb.soils
Moscow

<5> Mamedov R .G.1963.Agrophysical characteristics of soils in
Nachichevan Republic,Baku.

<6) Mamedov R .G.1961.The structure of Azerb.soils and the methods of
its reconstruction,Baku.

<7) Mamedov R .G.1972.The Basis of Melioration and fertilizers of
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<8) Mamedov R .G.1975.Absorbed cations and their correlation in soils
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Imprinting Technology for Restoring Vegetation on
Degraded Drylands
Robert M. Dixon* and Ann B. Cam The Imprinting Foundation, 1231 East
Big Rock Road, Tucson, Arizona 85718, USA
Introduction. Vast areas of land have been severely degraded by human activities in semiarid
and arid regions of the world and now need to be revegetated to control erosion and restore biomass
production. However, low-cost methods that work have not been available to accomplish this task
on a broad scale.
Procedure. To undergird the development of new techniques for restoring vegetation on degraded
drylands, the important factors affecting rainwater infiltration were reviewed in the literature and
then extensive infiltration studies were conducted from 1960 to 1976 under a wide range of
climatic, edaphic, and vegetal conditions (1,2). Using this infiltration information, a new tillage
concept called land imprinting was developed (3,4), which then was implemented with a series of
land imprinting devices designed, fabricated, and field tested from 1976 to the present time (5).
Results and Discussion. The above procedure led to the conclusion that 2 properties of the soil
surface—microroughness and macroporosity—exert a controlling influence over rainwater
infiltration into dry soils. Manipulation of these two properties provides a one to two
order-of-magnitude control over this important hydrologie property. Degraded land typically
possesses a smooth, sealed soil surface with low infiltration rates, whereas productive land has a
microrough and macroporous surface with high infiltration rates. The microrough, macroporous
surface is able to rapidly exchange rainwater and displaced soil air across the air-earth interface,
whereas this fluid exchange is greatly impeded by the smooth, sealed surface.
Thus, the key to low-cost revegetation was to develop an efficient mechanical technique for
restoring stabile surface microroughness and macroporosity to, in turn, restore high infiltration.
Land imprinting has proven to be a very efficient way to reshape a smooth, sealed soil surface. A
number of mechanical devices have been developed and tested to apply the imprinting concept to
a variety of field conditions and socio-economic settings. They have successfully established
vegetation in the Sonoran Desert region of southern Arizona, USA about 90% of the time compared
with about a 10% success rate using conventional methods such as drilling.
The high success rate of land imprinting is a manifestation of a number of imprinting functions or
processes, all of which increase the efficiency of rainwater use in seed germination and seedling
establishment. Because of the funnelling or concentrating function of V-shaped imprints, less
rainfall is required for seedling establishment compared with drilled furrows. The rainwater
trapping function of the discontinuous imprints also reduces the amount of rainfall needed relative
to continuous drilled furrows. The soil compressing function of imprinting teeth not only increases
funnelling efficiency, but also improves seed-soil contact and enhances upward capillary flow of
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soil moisture to the seedbed. Additionally, the mulching function of imprinting teeth reduces the
rainfall required through suppression of surface evaporation and transpiration from existing
vegetation. The foregoing imprinting functions are especially needed in dryland revegetation, but
may often be of nearly equal importance in the restoration of vegetation on hillslopes in humid
regions.
Since 1980, land imprinting has economically restored perennial grasses on tens of thousands of
hectares of degraded rangeland in southern Arizona, alone. In conclusion, land imprinting is
proving to be an important advance in soil technology for sustainable agriculture.
Literature Cited.
(l)Dixon,R.M. and A. E.Peterson. 1971. Water infiltration control: A channel system concept.
Soil Sci. Soc. Am. Proc. 35: 968-973.
(2) Dixon, R. M. 1975. Design and use of closed-top infiltrometers. Soil Sci. Soc. Am. Proc. 39:
755-753.
(3) Dixon, R. M. 1980. Land Imprinter. U.S. Patent No. 4185655.
Washington D.C.

U.S. Patent Office,

(4) Dixon, R. M. 1983. Land imprinting for controlling infiltration and desertification processes.
Pap. no. 83-2514,16p., Am. Soc. Agric. Eng., St. Joseph, MI.
(5) Dixon, R. M. and A. B. Carr. 1991. Designing land imprinters for ecological restoration. In
Agronomy Abstracts. Am. Soc. Agron., Madison, WI.
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Use of gypsiferous material from a powerplant fluidized
bed combustor to reduce erosion on high clay surface soils
J. M. Reichert* and L. D. Norton. Department of Soil Science, Faculdade de
Agronomia-llFRCjS, Porto Alegre, RS, Brazil and USDA-ARS, National Soil Erosion
Research Lab, W. Lafayette, IN, USA.
Introduction. Soil erosion is a surface boundary process and is dependent upon the characteristics
of the soil-water interface as well as on the dynamic interaction between phases. During rain, soil
aggregates are disintegrated mechanically by the raindrop impact and chemically due to dispersion
and swelling of clays, thus causing sealing and erosion. Thus mechanical and chemical mechanisms
are complementary in soil dispersion and formation of surface seals.
With increased environmental concern from the contamination of natural resources, coal-fired power
plants in the USA are mandated to reduce SO2 emissions from smoke stacks. One way of
accomplishing this is by adding CaCO^ to the combustor which produces mainly anhydrite that, with
exposure to moisture, may hydrate to gypsum. This technology produces a large amount of widely
available gypsum-like material, which can potentially be used as an electrolyte source to increase and
maintain clay flocculation, thus reducing sealing and erosion.
Given the above considerations, the overall objective was to study the effect of gypsiferous material
on water infiltration and erosion of high clay soils, with variable or permanent charges, under single
and multiple event simulated rainfall.
Materials and Methods. Soil samples were taken from Ap horizons from twelve soils, and gently
sieved through an 8-mm sieve. Most of the soils were clayey and embraced a variety of climatic and
pedogenic environments. They were collected in Australia, Brazil and USA. The soils can be
grouped into highly weathered (six Oxisols and one Ultisol) and swelling (three Vertisols, one
Aridisol and one Alfisol) soils.
The gypsiferous material (GM) was from the Purdue University power plant. The GM contained
mainly anhydrite (CaS0 4 ), lime (CaO), calcite (CaCO^) and gypsum (CaS0 4 2H 2 0). The electrolyte
conductivity of a 1:1 GM/water solution was 11 mS cm"1, and the pH was 12 4. Because this GM is
a mixed material, it is both a source of electrolytes and of alkalinity.
For the single event rainfall, all twelve soils were subjected 110 mm h~' rainfall until steady-state
infiltration was achieved GM was surface applied at 5 Mg ha"1, before rainfall, on freshly-tilled (FT)
soil. Soil was slowly prewetted from the bottom up and a -0.5 kPa matric potential was maintained
during the rainfall. For the multiple event rainfall, five selected soils (oxidic, kaolinitic, mixed, illitic
and smectitic) were subjected to a rainfall sequence of 74, 39 and 107 mm h"1 for 90, 30 and 30 min,
respectively. GM was applied at 5 Mg ha"' on FT air-dried soil. The rain sequence was applied on
FT, DC (dried-crust) and WC (wet-crust). Steady-states for sediment yield and runoff were
analyzed.
Results and Discussion. Results from single event rainfall showed that GM had a more consistent
positive effect on reducing erosion for swelling soils, which have predominantly permanent charges.
For highly weathered soils, GM either increased, decreased, or had no significant effect on the
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steady-state infiltration rate (Is) and on the infiltration decay with cumulative rainfall. GM
effectiveness was not related to clay dispersion or critical flocculation concentration. The GM used
in this study was a mixed material with high pH. By increasing the soil pH, negative charges are
increased and Al concentration in the soil solution is reduced, thus increasing clay dispersion. This
dispersion may have on some soils overridden the positive effect of increased electrolyte
concentration. Infiltration rates followed an exponential decay and asymptotically reached a steadystate on most soils. However, on a sandy loam Oxisol, infiltration rates followed a wavy fashion,
indicating that sealing was a transient process with formation, partial removal and reformation of the
seal. On this soil, GM-flocculated clay physically blocked pores, as seen in thin sections, which
restricted water infiltration and increased erosion. Thus, care should be exercised when
recommending the application of this GM on highly weathered soils For swelling soils, Is values
were much lower than for non-swelling soils. With GM application, Is was increased by a factor of
3.6 to 5.0, total water loss was decreased by a factor of 1.1 to 2.0, and total soil loss was reduced by
a factor of 1.5 to 2.0. The flocculation of the soil seemed to have controlled the Is, whereas erosion
and runoff were largely determined by the aggregate stability of the soil. On swelling soils the GM
effectiveness was attributed to the increase in electrolyte concentration in the infiltrating water and in
the runoff, thus decreasing swelling and dispersion of clays and prevention of erosion and sealing
Micromorpholgical analysis of seals showed that, on soils where GM was effective in increasing
infiltration, total porosity was augmented, mainly due to an increase in the porosity attributed to
planar pores. Planar pores may be thought of as the more continuous and water conducting pores.
Even so, neither total porosity nor porosity for any of three pore shapes could properly explain
differences in Is.
Results from multiple event rainfall showed that the exponent for a power function relating sediment
yield to rainfall intensity was around 1.9-2.0, and it was consistently lower for GM treated than nontreated only for the highly smectitic soil. FT soil had, in most cases, the greatest exponent This
suggests that as the soil seals and densities, there is a lesser influence of rainfall intensity on erosion.
Soils with high clay activity (high specific surface area and cation exchange capacity) were more
sensitive to rainfall intensity. Although FT soil is usually considered the most erodible condition, DC
was most erodible for half the cases. It is postulated that, in this cases, shrinking of clays disrupts the
soil seal and forms new aggregates with lower stability With rewetting, slaking occurs and an
increased amount of readily detachable particles are available for transport by overland flow.
Dispersed particles may also enhance sealing on already sealed soils and further increase runoff. For
the kaolinitic soil, GM had no effect on erosion and runoff For the oxidic soil, GM reduced erosion
and runoff for FT soil, but had a detrimental effect on DC soil. Possibly, the increased pH dispersed
the soil, thus increasing sealing The greatest GM effectiveness in controlling erosion was observed
for the illitic and the highly smectitic soils. For the latter, soil and water losses were reduced with the
surface applied GM up to the WC condition at 107 mm rr', i.e., after having received 552 mm of
rainfall On these soils, increased pH of the soil had lesser effect on increasing negative charges and
dispersion than for the soil with predominantly variable charge clays
In summary, the GM produced by power plant fluidized bed combustor has a great potential for
erosion control on soils with mainly permanent charges. On soils where clays are of variable charge,
the effect of increased pH on clay dispersion may, in the short-term, override the positive effects of
increased electrolyte concentration Even if these material have a positive effect on FT soil, its
dissolution and reaction in the soil may cause deleterious effects on the soil for rainfalls following FT
condition on highly weathered soils.
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Agroforestry Systems in Relation to Soil Fertility and Growth
of Trees in Alfisol
P, Savithiri. Tamil Nadu Agricultural University, Coimbatore-641 003, Tamil
Nadu, India.
Introduction. Agroforestry systems play a key role in assured sustained soil
productivity by influencing soil and water conservation, organic matter
addition, nutrient recycling and microclimate (1). Although the beneficial
effects of agroforestry have been fully demonstrated in the advanced
countries, no such systematic efforts have been made in India. Hence, this
investigation was undertaken.
Materials and Methods. The field experiment was conducted in red sandy loam
soil (Typic Haplustalf) (pH 6.6 - 6.8; EC 0.3 - 0.5 dS m"l) low in alkaline
KMn04-N (Al.KM-N 182 - 240 kg ha" 1 ) and 01sen-P (01.P-2.1 - 8.2 kg h a - 1 )
and medium in ammonium acetate-K (AA-K 132 - 215 kg h a - 1 ). The cation
exchange capacity of the soil ranged from 19.1 - 21.0 c mol (p+) kg - 1 . Four
tree systems namely, Tectona grandis (teak), Ailanthus excelsa, Casurina
equisetifolia and Ceiba pentandra (Silk cotton) were planted. Sorghum CO 23
(S) and Peanut TMV 7 (P) were sown as intercrops 1n between the trees.
Each treatment had a middle row of trees with intercrops on both sides. The
intercrops were raised in one year old tree plantation as rainfed crops
during July-November 1991. Treatments consisted of one check (C) (No Po Ko)
and one inorganic fertilization (F) @ 10 : 10 : 45 ; 25 : 50 : 0 kg h a - 1 .
N : P?0c : K ? 0 for peanut and sorghum respectively. The post harvest soils
were analysed.
Results and Discussion. Growing of the aerable crops in between the trees
showed significant improvement in Al-KM-N in teak and silk cotton
agroforestry systems. The effect was marked for fertilizer in teak + sorghum
followed by teak + peanut systems (Table 1). Conjoint use of crop residues
and tree leaves with conducive microclimate would have contributed more soil
available N (2). The availability of P was reduced markedly in the casuarina
+ sorghum and peanut systems compared to sole stand of tree, probably due to
the greater demand for P in the system. While in the silk cotton system the
availability of P was considerably increased.
In other two systems the differences were not perceptive. The availability
of potassium was not appreciably altered by different tree and crop
combinations except in teak system, where a reduction in the availability
was observed when the intercrops were grown without fertilisation.
The height and basal diameter of trees indicated the synergestic effect of
intercrops with the tree crop particularly for teak and Ailanthus. Mere
presence of sorghum and peanut was sufficient for trees. This trend may be
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due to the natural phenomenon, since the availability of nutrients was more
in the presence of tree with crop systems. However, in the silk cotton, the
basal diameter was reduced by coupling intercrops without fertilisation
inspite of no visible changes in the soil nutrient availability.
In summarising, cultivating intercrops coupled with nutrient additions
enhanced the nitrogen availability in teak and silk cotton, while a decline
in phosphorus and potassium was noted in casuarina and teak systems. The
fertilisation of intercrops sorghum and peanut in teak and Ailanthus system
improved the growth consipicuously.
Table 1. Effect of agroforestry systems and fertilisation on soil fertility
(kg ha" )

T.
T.
A.
A.
C.
C.
C.
C.

grandis (F)
grandis (C)
excelsa (F)
excelsa (C)
equisetifolia (F)
equisetifolia (C)
pentandra (F)
pentandra (C)

AA-K

0L-P

Al.KM-N

Treatments

S

P

PS

S

P

PS

S

P

PS

259
180
250
243
188
204
288
196

313
211
212
220
196
215
188
204

_
199
215
192
134

1.1
1.1
1.6
4.4
1.1
1.6

1.1
1.1

_
2.5
6.2
5.9
3.6

240
145
220
204
268
221
350
336

276
162
238
232
210
226
295
260

282
228
248
278

11.2

6.7
2.2
2.2

11.2

11.2

6.7

4.5

CD(P=0.05)
Al.KM-N
01-P
AA-K
Tree (T)
NS
2.5
27.1
Fertiliser (F)
NS
1.8
19.2
Crop (C)
NS
NS
19.2
(S = Sorghum; P = Peanut ; PS = Pure system)
Literature Cited.
1) Murthy.I.Y.L.M., C.R.Hazra and A.Kumar. 1990. Effect of incorporation of
tree leaves on soil fertility. J. Indian Soc. Soil Sci. 38 : 325-327.
2) Rao.Y.S., B.N.Reyes and B.N.Delos. 1991. Agro forestry in farming system
development. Agro-forest Abstr. 4 (1) : 12.
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Tres Especies Forestales con Potential para Recuperar Zonas
Desforestadas en la Cuenca de Patzcuaro, Mich.
A. Gómez-Tagle Rojas y Y. Chavez Huerta. Director Forestal e Investigadora
forestal del CIPAC-INIFAP-SARH.

RESUMEN. La Cuenca del Lago de Patzcuaro tiene un deterioro
acelerado, el Plan Rector propone su reordenamiento, como parte de
este es necesario conocer las éreas potenciales para diversas
especies agricolas, pecuarias, acuicolas y forestales. En este
estudio se hizo, a manera de ejemplo, la ubicación y cuantificación
con Pinus
de las superficies aptas para la reforestación
pseudostrobus (15,508 ha), P. michoacana
(10,084 ha) y
Abies
religiosa
(13,587 ha) usando como herramienta el Sistema de
Información Geografica ILWIS. Se concluye que la metodologfa es
adecuada, répida y que proporciona alternativas a ponderarse
económica, ecológica y socialmente.
INTRODUCCION. En la época prehispénica habia 25 lagos en el
Altiplano volcanico central de México, hoy la mayoria de ellos ha
desaparecido por diferentes causas, entre los pocos que sobreviven
esta Patzcuaro, este se encuentra en una cuenca cerrada de 93,430
ha, dentro del E je Neovolcénico Transmexicano, con litologla ignea
extrusiva, con clima templado, C(w2)(w)b(e)g; en la Cuenca antes
de la conquista hubo de 60,000 a 100,000 habitantes y hay indicios
de 3,500 anos de cultivo de maiz. Actualmente la vegetación
natural, los suelos y el lago estén muy deteriorados. Una de las
alternativas para frenar la destrucción, es el reordenamiento del
uso del suelo tomando en cuenta tanto la vocación natural, como las
necesidades de los 112,000 habitantes; Actualmente se esta
terminando el Plan Rector de la Cuenca de Patzcuaro en el que
participan diversas Instituciones. La reforestación de las éreas
con vocación forestal es una de las acciones propuestas; en este
estudio se ubican y cuantifican las zonas potenciales para la
reforestación con tres especies forestales de alta productividad.
METODOLOGIA. Como parte del plan de reordenamiento ecológico de la
Cuenca de Patzcuaro se digitalizaron los mapas de topografia
(INEGI), suelos (INEGI), erosión (Gómez-Tagle, 1988), vegetación
(Chavez, 1992), pendientes (Chévez, 1992) y tenencia de la tierra
(SRA), entre otros. La información se procesó con el Sistema de
Información Geogréfica (SIG) ILWIS, para obtener superficies y
porcentajes para cada uno de los mapas, luego de cada mapa se
seleccionaron las zonas que cumplian los requerimientos (clima,
pendientes, suelos, textura del suelo, profundidad del mismo, pH,
fases de suelo, altitud sobre el nivel del mar, etc) para el
crecimiento de cada una de las especies. Finalmente se obtuvieron
los mapas con la distribución espacial de las areas potenciales
para cada especie y el hectareaje para cada una.
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RESULTADOS Y DISCUSION. Las principales Unidades de suelos son:
Andosoles con 40.40 % (respecto al total de la Cuenca), Luvisoles
18.29 %, Acrisoles 10.75 % y Litosoles 7.99 %, el cuerpo de agua
ocupa el 9 % y el 13 % restante incluye Cambisoles, Feozem,
Vertisoles, Planosoles y Gleysoles. Respecto a la erosion, esta es
nula en el 5.23 %, ba ja (de 0.5 a 1.5 ton/ha/ano) en el 25.21 %,
roedia (3-25 ton/ha/ano) en 43.95 % y alta (15-98 ton/ha/ano) en el
15.94 %. Con la vegetación y uso del suelo se hicieron 14
categorïas, por razones de espacio de presentan agrupadas, la
agricultura ocupa el 40.58 %, los matorrales secundarios el 14.17
%, las areas arboladas el 30.86 %, el lago el 9 %, los
asentamientos humanos el 3.42 % y el 2 % son tulares; cabe aclarar
que las zonas arboladas estan rouy fraccionadas por la agricultura y
que en dos terceras partes tienen coberturas inferiores al 50 %.
Respecto a la pendiente, el 13.20 % es plano (0-3%), el 21.37 %
tiene pendientes suaves (3 y 10 % ) , el 26.60 % son lomerios y
faldas de cerros (10-15%) y el 25.83 % es cerril (15-90%). En
cuanto a la tenencia de la tierra el 29.2% es comunal, el 36.5 %
ejidal, el 19.1 % es propiedad privada, el 2% es urbano, el 4.6% se
desconoce el régimen de propiedad y el 9% es federal.
A continuación se presentan, a manera de ejemplo, las zonas
que reunen las condiciones óptimas para el desarrollo de tres
especies forestales, las especies se seleccionaron por la gran
aceptación de su madera, la adaptación de la especie a la region,
la velocidad de crecimiento y/o el alto valor comercial; Para Pinus
pseudostrobus,
en la Cuenca hay un total de 15,508 ha, para
Pinus
michoacana,
la superficie es de 10,084 ha, de las cuales 714 estan
en éreas de erosión baja, 5,847 ha en erosión media y 3,523 ha en
erosion alta; Abies religiosa
puede utilizarse para reforestar
13,587 ha (14.5% de la cuenca), de estas 8,290 ha son de propiedad
comunal, 2,120 de propiedad ejidal, en 1992 ha se desconoce el
régimen de propiedad y 1186 ha son P.privada.
CONCLUSIONES. El método de trabajo es sumamente ütil para el
reordenamiento del uso del suelo, ya que permite ubicar las zonas
con mayor potencial productivo para cada especie (agrïcola,
pecuaria, acuicola o forestal), como usualmente hay varias especies
para cada area, es posible presentar alternativas que pueden ser
ponderadas económica, ecolóqica y socialmente.
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Diagnostic pour la Regeneration des Terrains Incendiés en
Region Méditerranéenne
P. Bonfils et A. Raggiotto. Science du Sol, INRA, 34060 Montpellier, Cedex 01 et
Pare Naturel Regional de la Corse, Riventosa 20250 Corte.
Introduction. En region méditerranéenne les contrastes de climat, de relief, de sols, de
couverture végétale ne permettent pas de donner de solutions standards pour la regeneration
des surfaces incendiées. L'analyse de situation permet d'apprécier l'état du sol, les possibilités
de regeneration, d'établir (ou non) un projet de réaménagement.
Methodes. Deux stations différentes (parmi une dizaine d'autres) ont été retenues, et ont fait
l'objet d'observations et d'analyses suivant la methode des doublets : zone incendiée et zone
témoin non incendiée. L'une dans Ie Centre Var (Provence) : futaie de pins pignons et taillis de
chêne pubescent sur plateau karstique en sols dolomitiques, incendiée en 1991, n'ayant pas
brülé depuis 50 ans ; l'autre dans la region de CORTE (CORSE) : maquis a cistes et arbousiers
sur schistes, a cistes et oxycèdres sur serpentinites, située en versant et incendiée tous les 2 ans
par les bergers. Les 2 zones recoivent de 850 a 950 mm de pluie annuelle (climat méditerranéen
humide avec 3 mois secs). La methode Coventry-Solihull a été utilisée. Les tres nombreux
facteurs pris en compte : exposition, situation topographique, densité de biomasse,
caractéristiques du sol (profondeur, texture, pierrosité, matière organique, azote total, réserve
utile), degré d'anthropisation, frequence des incendiés, sont compares a une note d'intensité de
la degradation, une année après l'incendie. La regression multiple par paliers permet de
determiner Ie degré d'explication, Ie poids de chaque facteur et d'éliminer les moins significatifs.
L'intensité de la degradation du site est donnée par la somme des produits des coefficients de
signification par les valeurs de chaque facteur imporant.
Résultats et discussion. 1) Dans Ie Centre Var, beaucoup de facteurs sont favorables a un
retour rapide vers l'écosystème antérieur : faible pente sur Ie plateau karstique, sols
dolomitiques filtrants, importance de la biomasse du sous-bois, reprise rapide de la vegetation
(plantes annuelles, thérophytes, rejets des chênes), reconstitution de l'avifaune. Les pins ont
partiellement resisté au feu et Ie réensemencement se fait par éclatement des pignons. L'apport
des cendres au sol constitue une fertilisation starter sous forme d'éléments solubles, et la
matière organique n'est pas toute calcinée (DE BANO. 1979, RAISON. 1979, GILLON et RAPP.
1989).
2) Dans la region de CORTE, bien que l'écosystème soit tres degrade, Ie recrü des cistes est
exceptionnel grace è une hygrométrie elevée, et a la levée de la dormance des nombreuses
graines de cistacées. Le milieu se referme, empéchant l'érosion même sur pente, mais au
détriment des arbustes (arbousiers, oxycèdres) et de l'herbe pour le retour du bétail. Les
cendres sont généralement entrainées par les pluies d'automne vers les thalwegs. L'écosystème
se reproduit a un niveau de biomasse de plus en plus faible (disparition des arbustes), de plus
en plus pauvre, et tend vers le maquis mono-spécifique a Cistus monspeliensis.
Dans le Centre Var, il ne parait pas utile d'investir dans un nouvel aménagement forestier. Cet
écosystème peut se reconstituer en totalité en moins de 10 ans (TRABAUD et GILLON. 1991).
L'échauffement du sol en surface est rapidement amorti a quelques cm de profondeur, et
l'activité des micro-organismes est stimulée par les elements minéraux libérés par le feu
(WOODMANSEE et WALLACH. 1981). Dans la station de CORTE, la degradation de
l'écosystème et l'appauvrissement des sols en surface nécessitent des investissements en vue
d'une utilisation pastorale ou forestière. Lorsque la pente est faible, le gyrobroyage
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de la cistaie suivie d'une fertilisation complete (100 unites N,P,K,Ca), permet de recréer un
paturage appétent, même sans sursemis (ETIENNE. 1977, AMANDIER. 1982). Si la pente est
moyenne, la reforestation peut être entreprise, après creation de banquettes a Tangle dozer,
fascinage de la pente avec les végétaux brülés, et replantation d'arbres ou d'arbustes locaux,
en se basant sur les données de la typologie des stations forestières voisines, avec mise en
défens de la zone sensible pendant 10 ans.
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Abstract
Diagnostic about reforestation after vegetation fires in mediterranean area.
After fire, in mediterranean area, analysis in situ is necessary for defining a project
about land improvement. Two stations are studied; the first in center Var (Provence),
pine forest (P.Pinea) with oak coppice (Q. Pubescens) and bush, on Karstic dolomitic
table land, the second, in Corsica (Corte), maquis with Cistus monspeliensis, Arbutus
unedo, Juniperus oxycedrus, on slopes, with schistous or serpentinite soils. The
multiple level regressing method (Meth. Coventry-Solihull) is used to accurate the most
important parameters.
Under pine forest, the ecosystem is quickly reconstituted, fire frequency being 50 years.
In the maquis of Corsica, often fired, cistus grow again quickly, preventing solil erosion,
but compete hardly with shrubs and grass for cattle. Technics to improve pastures or
reforestation are considered
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Amelioration of Degraded Rain Forest Soils by Plantations
of Native Trees
R. F. Fisher. Texas A&M University, College Station, Texas, USA 77843-2135.

Introduction. Do trees improve the soil upon which they grow? This has become a central
question in agroforestry and ecosystem restoration efforts. Folk wisdom has long held that
trees ameliorate poor soil condition, but science has recently questioned the potential of trees
as soil improvers (Lundgren, 1978; Sanchez et al., 1985). The long known practices of swidden
agriculture or shifting cultivation take advantage of the ameliorating effects of a period of forest
fallow (Nye and Greenland, 1960). Gross changes in productivity and plant nutrition have been
documented in shifting cultivation (Jordan. 1985). In many parts of the tropics large areas have
had their soils degraded by the conversion of tropical rain forest to pasture. 1 he amount of
such over utilized land is increasing rapidly in Central America and throughout the world. In
most cases these lands no longer support economically feasible grazing and are often abandoned
and eroding. There is a widespread hope that reforestation will ameliorate such lands and
stabilize them if not actually return them to productive agricultural sites.
There are five general ways in which trees might improve the site upon which they grow
(Fisher, 1990). Many species can increase soil nitrogen content by the fixation of atmospheric
nitrogen through a symbiotic association with bacteria of the genus Rhizobium or actinomycetes
of the genus Frankia. Secondly, tree's large root systems allow the them to accumulate
nutrients from a very large volume of soil, and litter fall returns these to a rather small volume
of soil increasing its fertility. Thirdly, trees my ameliorate soil condition by increasing soil
organic matter content. The fourth major way in which trees may ameliorate the site is through
changes in above and below ground microclimate. The fifth mechanism through which trees
alter their own site conditions is the "rhizosphere effect". This is a complex series of
phenomena that are not yet well understood. This study addresses four hypotheses relevant to
these mechanisms of amelioration:
1. Trees are capable of increasing the amount of nitrogen in the soil upon which
they grow.
2. Trees are capable of securing nutrients from a large volume of soil and
concentrating those nutrients in a smaller volume of soil leading to nutrient
enrichment of the surface soil.
3. Trees are capable of altering the quality and quantity of soil organic matter
and changing important associated properties such as bulk density.
4. Trees alter soil microclimate by reducing the extremes of temperature and
moisture and increasing aeration and redox potential.
Materials and Methods. In 1987 tree X site interaction plots to evaluate the ameliorative
effects of trees were established at the La Selva Biological Station in Costa Rica's Atlantic
lowlands at the confluence of the Rio Sarapiqui and the Rio Puerto Viejo. Eight native tree
species: Hieronyma alcornoides. Inga edulis. Pentaclethra macroloba. Pithecellobium
macradium. Stryphnodendron microstachyum. Virola koschnyi. Vochysia guatemalensis. and
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Vochysia ferruginea and three exotic tree species: Acacia mangium. Gmelina arborea and Pinus
patuia were planted. Average rainfall in the area is 4000 mm per year and the mean
temperature is 24°C. The site is approximately 50 m above sea level and has residual soils
(Typic Tropohumults) derived from basalt. They are quite typical of many highly weathered
soils derived from basalt in both the old- and new-world tropics. The eleven tree species and
one fallow or control plot were arranged in a randomized complete block design. The plots
are 0.25 ha with four replicates. The 12 ha plantation is located on pasture-land that was used
for 25 years and abandoned one to two years prior to the establishment of the experiment.
Baseline soil data was taken prior to planting. Each 0.25 ha plot was divided into
quadrants and 20 punch-tube samples of the upper 15 cm of soil were collected and mixed
together in each quadrant. These bulk samples were then analyzed for total nitrogen by microkjeldahl; total organic carbon by a modified Walkley-Black procedure; soil acidity (pH in water
at a 1:2.5 soil to water ratio); phosphorus extracted by sodium bicarbonate and EDTA; and
calcium, magnesium, and potassium extracted by ammonium acetate (ph 7). Soil bulk density
was determined as the average of two surface soil cores taken at the center of each quadrant.
Soil analyses were carried out by the Soil Testing Laboratory at the University of Costa Rica.
This study utilizes both before and after soil samples and a "real-time" control plot to
identify tree effects on soil. In most studies of such effects, a retrospective approach has been
taken. Soil from beneath trees previously planted onto degraded sites has been compared with
soil from an adjacent portion of the site that was not planted to trees. Such studies are suspect
because they lack a true control; considerable change in soil properties may have occurred or.
the degraded area not planted to trees (Sanchez et al.,1985).
Results and Discussion. All species survived fairly well, but some grew much better than
others. Bulk density decreased and organic carbon content increased significantly beneath 8
of the 11 species. Significant increases in base cations also occurred beneath the majority of
species. Nitrogen did not increase as much as expected beneath the N2-fixing legumes;
however, the availability of phosphorus was significantly enhanced beneath both species of
Vochysia. The changes in soil properties were dramatic, and significant amelioration of these
degraded soils occurred in a short time beneath the majority of the native species. However,
little soil improvement, outside of base accumulation beneath G. arborea. occurred beneath the
exotic species.
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Land and Environmental Degradation in North Eastern
States of India and Alternate Ferming System for Resource
Conservation
U.C. Sharma*, R.B. Prasad and A. Singh. ICAR Research Complex for N EH
Region, Umroi Road, Barapani, meghalaya 793103, India
Introduction. The North Eastern Region of India, Has a geographical area of 255,090 sq km and lies
between 21°50' and 28°50' N latitudes and 88°30' and 97°50' E longitudes. Though the region is
endowed with rich natural resources of soil, water and vegetation, the prevalence of shifting
cultivation has resulted in fast degradation of these resources. Of the net cultivated area,
shifting cultivation is followed in 40.7 % in Arunachal Pradesh, 2.6 % in Assam, 64.2 % in
Manipur, 27.0 % in Meghalaya, 96.0 % in Mizoram, 34.5 % in nagaland and 8.2 % in Tripura States.
About 443.3 thousand families are engaged in shifting cultivation in an area of 3865 sq km
annually. The estimated soils loss due to erosion has been 147 and 170 t/ha annualy in firts and
second year of shifting cultivation, respectively (Singh and Singh, 1978). This has caused
deforestation at an annual rate of 0.7 per cent, denudation of hill tops and slopes leading to
undesirable ecological changes. The loss of fertility has led to such a level of low productivity
that farmers can hardly produce even for theirfood. With the increasing demographic pressure ,it
would not be possible to prevent further expansion of area under shifting cultivation at the
expense of forest and soils prone to erosion. Alternate, economicaly viable and socially
acceptable farming systems need to be introduced in the region. A new paradigm of agriculture
research is required for enduring food security and ecological balance in the region.
Materials and Methods. A multi-disciplinary project based on mini-watershed approach was started
at ICAR Research Complex, Barapani in 1983 in order to evaluate alternate land use systems to
replace shifting cultivation. A brief description of different farming systems has been included
in Table 1. The project has agriculture, horticulture, forestry, livestock and fisheries as its
main components. The runoff from each watershed is measured at the base where recording gaugages
have been fixed. Total water yield (surface and base flow) is measured and soil and nutrient loss
is determined with standard procedures. Cows, pigs, rabbits and goats have been kept in livestock
and agriculture based watersheds. Water from different watershed is collected in a pond below and
used for pisciculture and irrigation. Crop yields, livestock and fish production and economic
viability of each system is being constantly monitored. This project has now been started in all
states of the region.
Results and Discussion. From the data given in table 1, it appears that highest water yield was
recorded from the watershed having forestry land use followed by agroforestry and shifting
cultivation land uses. The water yield under these system was 17.5, 9.6 and 4.4 % of the average
annualrainfall. The water yield form Fs-1, Fs-4 and FS-5 was less than 1% of the annual rainfall.
MOre than 84% of the water yield if FS-2 and FS-3 was through base flow while almost 100% water
yield form FS-8 was through surface flow. In FS-1, FS-4 and FS-5 land use systems, more than 99%
of rain water retained in the soil. Average soil loss during 1984 to 1992 varied between 0.01 to
1.66 t/ha in different land use system which was well within the critical limits. The soils loss
was significantly related to the rainfall (r=0.71**) and the slope of the watershed (r=0.73**).
With the adoption of new land use systems, the annual loss of soil, available N, P and K from the
shifting cultivated area is expexted to be 706, 0.113, 0.003 and 0.059 thousand tonnes as against
the present loss of 88346, 10.67, 0.37 and 6.05 thousand tonnes, respectively. The area under
shifting cultivation in the region is on the decline with the farmers adopting new, remunerative
farming systems.
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table 1.

Farming
years)

Farming
system

Total
area
(ha)

systems under evaluation, water yield and soilloss (mean of 8
Average
slope

Dominant
land use

Water
Total
(mm)

(%)

FS-1
FS-2
FS-3
FS-4
FS-5

1.34
3.89
2.94
0.64
1.58

32.0
38.0
32.2
32.4
41.8

FS-6
FS-7
FS-8

3.13
1.03
0.52

53.2
45.8
41.3

Livestock
Forestry
Agroforestry
Agriculture
Agri-hortisilvi-pastoral
Horticulture
Natural fallow
Abandoned Shif ting cultivation

yield and soil
Base
Surface
flow
flow
(mm)
(mm)

loss/yr
Soil
loss
(t/ha)

14.0
422.3
237.6
20.5
17.8

2.9
365.3
202.2
0.5
7.6

11.1
68.0
35.1
20.0
10.2

0.02
0.98
0.05
0.07
0.18

97.3
10.3
109.0

63.5
0.1

33.8
10.2
109.0

1.66
0.01
0.55

The study revealed that replacement of shifting cultivation with new land use system would ensure
proper conservation of soil and forest resources and prevent further environmental degradation.
Literature Cited.
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Boden-und ernahrungskundliche Aspekte der
"Neuartigen" Waldschaden - eine Zusammenfassung
Nach 10 Jahren Forschung
Reinhard F. Hüttl. Lehrstuhl für Boenschutz und Rekultivierung Technische
Universiteit Cottbusl Deutschaland und ZALF-Institut für Wald-und
Forstökologie Eberswalde, Dr. Zinn-Weg, 16225 Eberswalde/Deutschland.
Bereits Mitte/Ende der 70er Jahre wurden in Nadelbaumbestanden der Hochlagen deutscher
Mittelgebirge ( z.B. Schwarzwald, Bayerischer Wald, Fichtelgebirge, Harz) verschiedene
Schadenssymptome an einzelnen Baumen bzw. Baumgruppen entdeckt, die sich in der
Folgezeit rasch und grofiflachig ausbreiteten. Neben unspezifischen Schadensmerkmalen, wie
Verluste der alteren Nadeln im unteren und mittleren Kronenbereich fielen charakteristische
Symptome auf, die mit Nadelverfarbungen einhergingen. Bei der Fichte (Picea abies) wie
auch bei der WeiBtanne ( Abies alba) wurden leuchtend gelbe Verfarbungen beginnend an den
Spitzen der Nadeln alterer Jahrgange im mittleren und oberen Kronenbereich beobachtet.
Diese sogenannte Gelb- oder Goldspitzigkeit war bei Koniferen bereits Anfang dieses
Jahrhunderts beschrieben und kausal als Magnesiummangel erklart worden. Auch jetzt
bestatigten nadelanalytische Untersuchungen für derart geschadigte Bestande akuten
Magnesiummangel. Der Magnesiummangel-Schadtyp wurde und wird nur in Bestanden
angetroffen, die auf Boden mit unzureichender Magnesiumversorgung stocken. Immer steht
die unzureichende Mg-Verfiigbarkeit im Zusammenhang mit basen-, insbesondere
magnesiumarmen Ausgangsgesteinen (z.B. Granit, Gneis, Quarzit, Phylit, Rhyolit,
Buntsandsteine). Besonders stark traten diese Schaden nach extremen Trockenphasen wahrend
der Vegetationszeit auf. Anfang bis Mitte der 80er Jahre entwickelte sich der Mg-Mangel auch
bei Laubbaumen, vor allem bei der Buche. Neben diesen Erkenntnissen wurden zur
Ökophysiologie und Histochemie der Mg-Ernahrung von Baumen sowie zum Verhalten von
Mg in Waldböden neue Zusammenhange erarbeitet, die belegen, dafi der Mg-Mangel anders
als z.B. der N-Mangel für Waldbaume ein echter "circulus vitiosus" sein kann. Mg-Mangel
kann somit zum Absterben von Baumen führen, was bei N-Mangel in der Regel nicht
beobachtet wird. Wahrend der letzten Jahre hat sich die Mg- Mangelsituation jedoch zum Teil
erheblich abgeschwacht. Die Gründe hierfür sind unklar. Zeitgleich mit dem Mg-Mangel
wurden unter anderen standörtlichen Voraussetzungen K-, P- und Mn-Mangelzustande
gefunden. Die K-Mangelflachen haben in der letzten Zeit eher zugenommen. Wie bereits der
Mg-Mangel konnte mit Hilfe von historischen Nadel- bzw. Blattanalysevergleichen auch der KMangel zumindest für bestimmte Standorte als in der Tat neuartig charakterisiert werden.
Was die Kausalanalytik der neuartigen Mg- und K-Mangelschaden betriffi, so sind folgende
Mechanismen bzw. Prozesse von Bedeutung:
- Beschleunigte Versauerung von Boden mit geringer Saurenneutralisationskapazitat aufgrund
anthropogen erhöhter Sauredeposition; die als Folge erhöhter Bodenaziditat vielfach
postulierte A P + - Toxizitat konnte unter Freilandbedingungen bislang nicht verifiziert
werden; fest steht aber, dafi Al 3+ die Aufnahme basischer Kationen in der Rhizosphare
antagonistisch behindert.
- Anthropogen gesteigerte N-Eintrage können ebenfalls bodenversauernd wirken; haufïg
haben sie eine wachstumstimulierende Wirkung; dies kann die Induktion von Ernahrungsstörungen bis hin zu akuten Mangelzustanden fordern.
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-Dramatische Reduktionen der Emission basisch wirksamer Staube fiihrten seit Mitte/Ende der
60er Jahre zu deutlich geringeren atmogenen Mg-Eintragen in die Waldökosysteme; diese
drastische Veranderung ging dem Auftreten der ersten Mg-Mangelsymptome zeitlich voraus;
diese Problematik wird derzeit im Rahmen des SANA-Projektes in den neuen Landern
Deutschlands mit Hilfe einer Depositionsgradienten-Studie in sensitiven Kiefernökosystemen
untersucht; erste Ergebnisse werden vorgestellt.
- Erhöhtes Kronenleaching phloemmobiler Nahrkationen wie Mg 2+ infolge von
Ozonschadigung und der Einwirkung sauer Niederschlage; dieser ProzeB ist allenfalls als
mitwirkender Faktor einzustufen.
- Mit Ausnahme der seit langem bekannten Rauchschaden existieren in Zentraleuropa keine
durch direkte Luftschadstoffwirkung induzierten Waldschaden .
- Weitere Erklarungsansatze wie die Epidemiehypothese, Strahlenschaden oder
Schwermetalleinwirkungen konnten trotz eingehender Prüfung nicht bestatigt werden
Zur Bekampfung der neuartigen Waldschaden werden in Deutschiand zwei MaBnahmenbündel
praktiziert:
-Zum einen wurden die relevanten Schadstoffemissionen (SO2 NO x ) reduziert, wobei die
Schwefeldioxidemission im ehemaligen Westdeutschland um ca. 70% zurückgefiihrt wurde.
Dies hat zur Halbierung der S-Eintrage in die Waldökosysteme und zum teilweise
grofiflachigen Auftreten von Schwefelmangel bei verschiedenen landwirtschaftlichen Kuituren
geführt. Problematisch ist nach wie vor die hohe N-Belastung der Waldbestande, insbesondere
mit Ammonium, das vornehmlich aus landwirtschaftlichen Quellen stammt.
-Zur Gesundung geschadigter Walder wurden als flankierende MaBnahmen Nahrstoff- und
Kalkapplikationen vorgeschlagen und deren Anwendung mit gesetzlichen Fördermitteln
ausgestattet. Entgegen gut fundierten und vielschichtigen Untersuchungsergebnissen wurde
dabei der sogenannten Kompensations- oder Bodenschutzkalkung der Vorrang gegeben. Seit
1983 wurden deshalb rd. 1,2 Mio ha geschadigte Waldflache mit 3 t /ha Mg-haltiger Kalke
behandelt. Damit verfolgt man die Absicht, weitere Saureeintrage zu kompensieren, um somit
einer zusatzlichen Bodenversauerung bzw. der AP+ - Toxizitat vorzubeugen. Gezielte
DüngungsmaBnahmen kamen, obwohl deren rascher und nachhaltiger Erfolg fiir alle Ebenen
des Waldökosystems beeindruckend bestatigt wurde, nur in Ausnahmefallen zum Einsatz. Es
verwundert deshalb nicht, daB die groBflachig und undifferenziert durchgefiihrten
KalkungsmaBnahmen auch ökologische Risiken hervorrufen können, wie z.B.:
- Verstarkte NO3" - Produktion und erhöhte NO3" - Verluste aus gut mit N versorgten
Systemen; damit einhergehend eine beschleunigte Versauerung des Mineralbodens und eine
Verlagerung von potentiell toxischen Stoffen (z. B. Schwermetalle).
- Abnahme und Verflachung der Feinwurzelbiomasse.
- Induktion von Kalimangel (Ca/K-Antagonismus).
Somit steht heute fest, daB zur Behebung von Nahrelementmangelsituationen in geschadigten
Waldökosystemen gezielte DüngungsmaBnahmen das am besten geeignete Instrument fiir eine
rasche und nachhaltige Revitalisierung der Baume und des gesamten Ökosystems sind. Mit
Bliek auf die Stabilisierung bzw. Restabilisierung der Boden derartig geschadigter Systeme hat
die gezielte Kalkung durchaus ihren Platz. Desweiteren ist festzuhalten, daB Düngungs-,
Meliorations- oder KompensationsmaBnahmen nicht in der Lage sind, die wirklichen Ursachen
der neuartigen Waldschaden zu beheben. Es scheint vielmehr notwendig zu sein, neben der
Verringerung der Schadstoffemissionen, die bereits eindrucksvoll vorangeschritten ist, auch
forstwirtschaftliche MaBnahmen auf den Weg zu bringen, die den ökologisch orientierten,
naturnahen Waldbau zum Ziele haben
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Aspekte der Bodenerosion in Österreich - Ursachen;
Ausmass und Kontrolle
O. Nestroy. Department of Engineering Geology and Applied Mineralogy at
the Graz Technical University, A - 8010 Graz, Austria

EINLEITUNG: In diesem Übersichtsreferat sollen zunachst die naturbedingten und
dann die vom Menschen ausgelösten Ursachen der Bodenerosion durch Wasser und
duren Wind in Österreich dargelegt werden. Den AbschluB bildet ein Katalog von
praventiven MaBnahmen, die in der landwirtschaftlichen Praxis gegen die Erosion
ergriffen werden können.
NATURBEDINGTE URSACHEN: Österreich ist ein Gebirgsland, denn rd. 63% der Gesamtflache im AusmaB von rd. 84.000 km2 werden von den Ostalpen geformt, rd. 10% von
der Böhmischen Masse und die restlichen Flachen sind Hügellander und Becken
nördlich und südöstlich des Alpenkörpers. So können schon anhand der starken Reliefierung (der höchste Punkt Österreichs ist der GroBglockner mit 3.797 m.der
tieftste liegt östlich des Neusiedler Sees bei 115 m ) , des meist hangigen Gelandes und einer, auf ganz Östereich gleichma'Big verteilten, jahrlichen Summe des
Niederschlages von 1.170 mm mit Amplituden von 3000 mm bis 500 mm die naturbedingten Voraussetzungen für eine Bodenerosion angeschatzt werden. Hinzu kommt
noch eine oftmals ungünstige Regenverteilung, wie das Auftreten von erosionförderriderStarkregen zu Beginnder Vegetationszeit, vor dem BlattschluB.
Neben den Niederschlagen spielt, namentlich im Osten Österreichs, der Wind in
der Frage der Bodenerosion eine entscheidende Rolle; über weite Strecken transportierte und oft bis zu einem Meter akkumulierte Flugerde ist ein signifikanter
Beweis für diese Prozesse.
Eine weitere, naturbedingte Ursache liegt in den bodenbildenden Substraten,einerseits bei LöB, andererseits bei Staublehm. Beide Materialien zeigen infolge ihres
hohen Schluffanteils eine starke Neigung zur Verschlammung und sind deshalb als
erosionsanfallige Standorte zu bewerten
Neben diesen skizzenhaft dargestellten naturbedingte Ursachen von Bodenerosion
in Österreich kommt eine Reihe von Faktoren hinzu, die durch die menschlicne Ta
tigkeit ausgelöst werden.
ANTHR0P0GENE URSACHEN: Östereich ist einaltes Kulturland und wird in bestimmten
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Regionen seit dem Neolithikum kontinuierlich bewirtschaftet. Die gegenwartige
Kulturflache im AusmaB von rd. 7,5 Mio. ha weist rd. 3,1 Mio. ha Wald, 2,1 Mio.
ha Dauergrünland und rd. 1,4 Mio. ha Ackerland auf; der Rest sind sonstige Flachen.
Besonders auf den intensiv genutzten Ackerflachen, bedingt durch einseitige
Fruchtfolgen, Ausraumen der Flur in Form der Beseitigung von Hecken und Rainen,
durch den forcierten Anbau von erosionsfördernden Pflanzen, wie Körnermais und
Wein, sowie durch Unterlassung humus- und strukturfördernder MaBnahmen kann es
zur gröBeren Erosionsereignissen kommen. Dies gilt namentlich für Flachen im
Nordosten und Südosten Östereichs, wo Losse und Staublehme auftreten und die
Technisierung der Landwirtschaft weit fortgeschritten ist.
Neben diesen Raumen sind auch das nördliche Alpenvorland, das Karntner Becken
sowie die Steillagen (über 30% Neigung) im alpinen Grünlandgebiet zum Teil als
potentielle Erosionsgebiete anzusehen.
AUSMASS UND KONTROLLE. Das AusmaB der Bodenerosion durch Wasser und/oder Wind
ist derzeit in Österreich noch nicht erschreckend, doch bedarf es dauernder Beobachtung und Registrierung, um Dauerschaden vorzubeugen. Diesa Schaden entstehen
nicht nur der Landwirtschaft, sondern vor allemauch der Umwelt infolge der Eutnphierung der Gewasser. Deshalb wird schon jetzteine Reihe flachendeckender und
praventiver MaBnahmen, wie mehrgliedrige Fruchtfolgen,Humuswirtschaft, Strukturverbesserung, abfrostende Gründecken, Minimalbodenbearbeitung und bestimmte Anbautechniken ergriffen, um bereits auf den Flache den Beginn der Erosion zu
stoppen.
Alle diese Untersuchungen und Aktivitaten sind praxisnahe angelegt, sodaB eine
Übertragung auf analoge landwirtschaftlich genutzte Flachen möglich ist.
Wir sind uns bewuBt, daB nur eine Reduzierung und Minimierung der Bodenerosion
erreicht werden kann, doch ist es erklartes Ziel, jene MaBnahmen durch eine Reihe von langjahrigen Untersuchungen herauszufinden, die ökologisch wie ökonomisch
ein Optimum darstellen.
SUMMARY: The aspects of soil erosion in Austria, the causes, extent and control
are descripted in this paper. The potential erosion risk can be roughly described
by the high relief energy, the annual precipitation, the high wind velocities
and the parent materials (loss and dust loam). On the other side are the human
activities responsible for erosion, for example the clearing out of fields, the
cultivation of maize and wine and the negativ impact of the soil structure.
For the farmers we are findig now the Dest solution of these poblems.
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Erodibility of Soil-Saprolite Complexes (Regolith) in
Swaziland, Southern Africa
P. Felix-Henningsen and Th. Scholten. Insülul für
Weslfalische-Wilhems-Universitat,
4400 Munster,

(ïeographie,
(iermany

Introduction. The prevailing parts of the weathering mantle in the Middleveld and Highveld
of Swaziland, affected by severe soil erosion, consist of thick soil-saprolite complexes formed
by intensive chemical weathering of crystalline rocks (Granodonte - Gabbro), mainly during
Cretatious and Lower Tertiary. The dimension of surface cutting by gully erosion in Swaziland
accounts for the annual loss of about 2 000-3 000 ha of land Therefore, these erosion processes
are important not only as a limiting factor in crop production and livestock but also in recent
geomorphogenesis and landscape development at the Great Escarpment of Swaziland and
comparable subtropical regions. This paper summarizes first results of the genesis and erodibility
of soil-saprolite-complexes from plutonic rocks in the Middleveld of Swaziland
Materials and Methods. Four represetative soil toposequences on grano-diorite, diorite,
gabbro-dionte, gabbro were characterized by mapping of soils and vegetation cover as well as
detailed investigation of up to 20 m thick sections of soil-saprolite complexes exposed in large
erosion gullies. Field measureme/its of infiltration capacity, unsaturated hydraulic conductivity,
shear strength and penetration resistance were carried out on autochthonous horizons of soils
and saprolites. Samples from each horizon were investigated in the laboratory in order to
determine the soil physical (bulk density, saturated hydraulic conductivity, pore size
distribution), chemical (pH, Corg, Nt, CEC, pedogenic oxides, total major and minor elements),
mineralogical (bulk samples, clay minerals, oxides) and micromorphological characteristics.
From the results isovolumetric mass balances and K-factors were calculated.
Results and Discussion. Geomorphologically the study sites belong to the Great Escarpment
predominantly formed by erosion The geological structure is characterised by high diversity of
Archaic intrusive rocks with average ages between 2 500 and 3 500 Mio. years The underlying
parent materials of the study sites are micro-granites, granodiorites, diontes and gabros Thick
saprolites developed already during Cretaceous and Lower Tertiary ( F R A N Z I . E 1984)) under a
tropical humid climate The regolith was cut by several erosion phases since Upper Tertiary and
Quarternary. Therefore the truncated landscape displays an association of soils of different ages
and environments. The common soil types in the study area are Ferralsols associated with
Acrisols and Cambisols in undulated and plain areas of the mountainous region. They are
accompanied by Fluvisols from alluvial sediments at flood planes and river terraces, as well as
Leptosols at the summit and steep backslope positions
The saprolites developed by chemical weathering in an oxidizing environment, characterised by
leaching of silica and bases The weathered rock is very friable and can be easily crushed by
hand. The texture of the dispersed material is a sandy silt, rather poor in clay (about 10 %).
Clay minerals predominantly consist of kaohnite On gabbro gibbsite, smectite and ïllite are also
present. According to an average bulk density of fresh rock of 2,70 g/cm' the maximum mass
loss during saprolite formation until today is for gabbro 54 %, diorite 53 %, granodiorite 47 %
and quartz-diorite 41 % in the Cw, horizon (uppermost saprolite horizon).
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A I to 1,5 m thick red brown Ferralic Acrisol on saprolite from grano-diorite displays an up to
25 cm thick Ah horizon (6 % COM) and a clay content up to 60 percent in the Bw horizon. Al
ions dominate the CEC The occurrence of gibbsite in the topsoil as well as micromorphological
characteristics of reworked clay cutans in the lower part of the profile and a coherent
microstructure in the upper Bw horizon indicate the transition of an older Acrisol stage into a
younger Ferralsol stage. Due to the higher clay content and the formation of soil structure the
bulk density and shear strength of the subsoil horizons are markedly higher than those of the
underlying saprolite
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Zonation, textural and structural properties of a soil-saprolite complex from
quartz diorite in the Middleveld of Swazilard

For evaluation of erodibility the K-factors were determined for topsoils, subsoils, transition
zones and saprolites The results show that the transition zones between soil and saprolite as
well as the saprolites are highly exposed to erosion With average K-factors of 0,5 to 0,7 the
erodibility of the saprolites is at least twice as high as for the solum with values from 0,1 to 0,3
on the study sites This explains that saprolite layers are the essential precondition for
development of deep incised gullies At the study sites gullies are 15-20 m deep and up to 500
m long, lineary dissecting the regolith by regressive erosion. A further beneficial agricultural use
of these areas is no longer possible and pathways as well as farm sites are cut off. In valleys the
erosion deposits destroy fields and a high sediment load in the rivers leads to sanding-up of
water reservoirs Because of lack of recultivation measurements on eroded areas erosion
increases rapidly.
Literature Cited.
FRANZLE, O. (1984): Bodenkunde - Südafrika.
Berlin,Stuttgart
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Splash Erosion Soil Loss as Affected by FYM Levels and
Different Crops
P. A. Varade, V. G. Salvi and S. B. Kadrekar. Konkan Krishi Vidyapeeth,
Dapoii, Maharashtra (India).
Introduction. Soil erosion problem is severe in heavy rainfall region of Maharashtra (India).
The problem is further aggravated by steep slope, depletion of vegetation and high intensity of
rainfall storms. The high velocity of raindrops splash the soil particles which clog the pores,
reduce infiltration and increase the surface runoff (Alchin, 1983). The researches on the effect
of soil type, slope and different vegetation on runoff and soil loss has been reported by many
workers (Agnihotri, 1985; Kale and Varade, 1990). However, no information is available on
splash erosion soil for the region.

Materials and Methods. A replicated field experiment was laid out in split plot design on lateritic
soil. The soil was acidic in reaction (pH 5.9) and sandy clay loam in texture. The main treatments
included three crops viz, cowpea {Vigna unguiculata), rice (Orizya sativa), fingermillet (Eleusine
coracana) and no crop (control). The sub plot treatments (net area: 8.82 m ' had five levels of
Farm Yard Manure (FYM) applied as basal dose @ 0,5,10,15 and 20 t/ha. In each sub plot
treatment a PVC pipe of 10 cm dia. having 36 cm length was placed vertically in the soil in between
two rows at central place in four hills of crop in such a way that it remained 3 cm above the ground
surface. A glass bottle (750 ml) with funel (10 cm dia.) was kept in the pipe to collect the soil
splash caused by rainfall in each treatment. In all 6-8 splash observations were recorded in each
year during the crop growth with rainfall intensity (130 max) in the range from 18 to 80 mm/hr.
The splashed soil collected in the bottle was filtered after each observation, dried and the soil
splash loss was recorded as g soil/bottle. The cultural practices, sowing/planting, spacing,
fertilization were followed as per the recommended package of practices for the individual crop,
for the region except that no puddling was done for rice at transplanting. After two months of
the harvest of each crop the soils in each treatment were analysed for water stable aggregates by
usual wet sieving method. The experiment was continued over a period of 3 years (1988-89 to
1990-91) with the same treatments on the same site.

Results and Discussion. The data of splash erosion is presented in Table 1. The effect of crop,
FYM and their interaction of splash erosion was found significant. The splash erosion was
maximum (12.46 g soil/bottle) in the no crop (control) treatment while it was minimum with
cowpea crop (6.32 g soil/bottle), followed by rice and fingermillet. Cowpea crop reduced splash
erosion by 97 % in comparison with 76 and 52 % with rice and fingermillet crop respectively over
no crop (control) treatment. The effect of cowpea was on par with rice and both were significantly
superior over fingermillet. The beneficial effect of cowpea is to be attributed to its spreading
habit and broad leaves that intercept the velocity of rainfall more efficiently.
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The FYM treatments showed reduction of splash erosion with the increase in FYM level. The
splash erosion was maximum (13.21 g soil/bottle) where no FYM (control) was applied and it
was m i n i m u m (5.05 g
Table 1 : Soil splash erosion loss (g soil/bottle) as affected by soil/bottle) at 20 t/ha FYM
crops and FYM levels (Pooled data for 3 years).
level. The FYM treatments
showed significant difference
FYM Levels(t/ha)
Crop
Mean
and e,ach increasing level of
FYM caused significantly less
10
15 20
0
splash erosion in comparison to
Control(No cprop) 18.91 14.42 11.67 9.90 7.37 12.46
its preceeding level.
The
161.6
%
results
indicated
that
Cowpea
9.97 7.59 5.88 4.61 3.56
6.32
less splash erosion
was
7.05
Rice
10.98 7.98 6.48 5.47 4.36
observed with 20 t/ha FYM
followed
by other levels (34 to
8.23
Fingermillet
12.98 9.39 7.68 6.21 4.92
101 %) over no FYM (control)
Mean
13.21 9.84 7.93 6.55 5.05
treatment. The lowering of
splash erosion with FYM could
Crop FYM
Crop FYM FYM Crop
be attributed to the increase in
ii ij
Ü
ij
water stable aggregates (Fig. 1)
which improves the infiltration
1.12
0.51
1.03
C D . at 5 %
1.45
rate of soil as
reported
by Biswas et al. (1961). The
combination of FYM @ 20 t/ha
Fig.1 Effect of FYM levels and crops on mean
percentage water stable aggregates
with cowpea crop resulted in
(o-i to 1-0 mm)
the lowest splash erosion (3.56
Cowpea
M1
g
soil/bottle). However, these
Fingermillet
results
were on par
with
Rice
15
t/ha
combination
of
FYM
@
20Control
to cowpea (4.61 g soil/bottle),
<
V
rice (5.47 g soil/bottle) and for
15fingermillet
@20 t/ha. It
is concluded
that
the
combination of cowpea crop
5 10
with FYM @ 15 t/ha is better
for reducing the splash erosion
in lateritic soil of Konkan
10
15
20
region.
FYM levels (t/ha)
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Tehnogenic Features and Contemporary Evolution of Soil Cover
of Agriculture Landscapes of Steppe Zone
A. Ursu, V. Oleinic, Y. Gudumac, M. Smirnov., and A. Raicu. Institute
of Geography, Moldavian Academy of Sciences, kishinev, 277028 Moldova.
I n t r o d u c t i o n . The intensity of agriculture mastering of soil h.<s led to their general antropug11!! transformation, Snch prime method» as< plowing, application of fertilizer, overdeep plowing. Jons irrigation, reclamation works are followed by negativ consequences. Today soil evolution acquired iechnogen trend.
M a t e r i a l s a n d Metbod.8. Investigations- of different soil components were carried out
in the steppe and forest steppe zones of Moldova.. Objects of research are chernozems and
technogen transformed sous. More than 50 sod profiles were studied by general methods.
R e s u l t s a n d D i s c u s s i o n s . Plowing is the most widespread method of soil cultivation. It
resulted in the transformation of quality componilion of humus, in its loss, in aggravation of
physical soil properties, such as: change of aggregates size and their structure, aeration pores,
airhydrotermtcal conditions. Arable soils are wanner than virgin ones, therefore conditions are
formed for more deep movement of different cotnpoildx in the «oil profile, line of carbonate
effervescence is fallen down. The above-mentioned factors caus" the begining of technogen
stage when the soil is distingwiahcd by morphological genetica! features of its type, but the next
evolution stage will be determined bv new feature*. !n the regions to be investigated the part of
eroded soils is great (25 per cent from the arable area), that is connected with deep dissection
by river and gullv-narrow network, and with downfall character of summer precipitations, and
also with agriculture peculiarities on slopes. The degree of soils protection against erosion is not
the same, that is connected with their granulometric composition and humusness.During the
plowing antierosion stability decreases, humus stock is reduced, colloid-leaching takes place.
Antropogen direction of evolution of slightly eroded soils is more pronounced, degradation rates
of these soils are more intensive than those of fuilprofile ones That is why slightly eroded soils
are the second stage of technogen transformation. The first and the second degrees of technogen
transformation are on that evolution stage when buffer state of soils, productive potential are
rather high, and rough violation of bonds between soil and other landscape components is
absent. But soils of the second stage will need soilprotection actions more than those of the
first one, because both the intensity and prolonged plowing of shghtly eroded soils lead to
further erosion development. The degree of soil profile transformation may be different under
the influence of overdeep plowing. Such changes may be more or less radical and steady depend
on the thickness of «oils profile, their type difference, erosion degree and the whole ecological
condition. We followed the changes of soil with different erosion degree. Both morfology and
physical-chemical research show the essential difference in the configuration of deep plowing
soil, its matter compound and diagnostic signs in comparison with the background one. The
following dependence between taxons of both natural and deep-plowing soils was revealed.
Whether deep-- plowing is carried out on the thickness soils, the transformed soil turns into
a new taxon category on the level of variant, but deep-plowing of severely eroded soils will
be on the level of antropogen type. So, full-profile deep-plowing soils belong to the first
stage and slightly-eroded (deep-plowing) belong to the second one. This is due to the fact
that such sous still keep their subtype peculiarities,and aggravation of soil properties at the
expense of deep-plowing takes place similar to arable one.This conclusion concerns only the
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chernozems because ather deep-plowing soils (brown and gray forest soils) have rather essential
losses of humus and changes of physical properties (as the Tesult of the illuvium horizon turning
upside down). Further mastering of moderately- and severely eroded chernozems provokes their
intensive degradation The deminishing of thickness of humus layer is followed by the decrease of
their antierosion stability. Humus lowering, colloid-leaching, narrowing of ratio of humus acids
carbon to carbon of fulvoacids, carbonate maximum uprise to the surface, decrease of exchange
capacity, - all of these paculiarities lead to the change of soil diaguostical symptoms.Technogen
trend of evolution in these soils is more pronounced than in the slightly-eroded ones.So arable
moderately or severely eroded soils belong to the third degree "f technogen transformation.
Overdeep-plowing of moderately or severely eroded soils changes the hydrological regim of
slopes (especially with high layer of ground waters), which is followed by the increase of the
hydromorphic features of processes in soil. Whether underlying .ock has lightdissolving salts,
the profile of overdeep-plowing eroded soil becomes salinized.The above-mentioned reasons
provoke soil degradation, which rates are more intensive than in arable eroded soils.That is why
they belong to the forth stage of technogen transformation. Such division concerns only soils
which are formed in the conditions of overlay of antropogen influence over natural soilforming
process. Both recultivated and earth-bank soils, on the coni.ra.ry, are formed by technical
means. It is the technogenical type of soil, and their evolution must be evoluated in other way.
by parametres of stability.
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A Climosequence of Soils from Slates in the Sierra de
Gata, Salamanca (Spain)
C. Quilchano;I. Gonzalez; J.A. Egido Area de Edafologia y Quimica Agricola
Fac. de Farmacia. Avda. Campo Charro sin . 37007 Salamanca (Spain)
Introduction. There are a lot of papers in the literature, which analyse the influence of climate on
some soil properties (JENNY, 1941; BUOL et al 1980; BIRKELAND, 1984).Since this parameter is a
factor in the soil formation, its importance in the pedogenesis and development is fundamental in the
understanding of the different characteristics of the soil according to the climatic zones.
Most of the studies carried out are developed with regard to the effect which the climate together
with the relief produce on the soil since they are closely linked to each other.
In this paper we consider, a climosquence from slates as the parent materials.
Material and Methods. The zone where the study was carried out, is situated in the West of Spain,
in the South of the province of Salamanca. This area was selected because its characteristics, and which
we can schematize in the following way: it possesses a homogeneous forest mass in a good state of
conservation and the gradient of precipitation is sufficiently important to be able to observe the climatic
effect on the genesis of the existing soils.
Four soil profiles were taken among various other stages of considered climosequence to whose
ecological characteristics reference is made in table 1.
Profil

Soil type

Horiz. depth

Parent
material

Main
vegetation

Alt.
m

Annual
precip. mm

PZ-1

Distric Cambisol
Dystric Xerochrepts

A
Bw

0-17
17-38

slate and
grauwackes

Q. pyrenaica

840

800

PZ-2

Humic Cambisol
Typic Xerumbrepts

A
Bw

0-20
20-40

slates and
grauwackes

Q. pyrenaica

880

900

PZ-3

Humic Cambisol
Typic Xerumbrepts

A
AB

0-40
40-58

slates and
grauwackes

Q. pyrenaica

900

1000

PZ-4

Humic Cambisol
Typic Xerumbrepts

A
Bw

0-60
60-90

mottled
schists

Q. pyrenaica

1060

1150

Geological materials are composed of gray slates of the Grauwacke Schist Complex with regional
metamorphism. Topographically it occupies a table land where only towards the South elevations
superior to 1000 m are found, the extreme values of the sequence being 870-960 m thus the
topographical differences cannot substantially influence the soil characteristics.
The predominant vegetation of the zone consist of climactic oak forest of Q. pyrenaica, with slight
differences with regard to the shrub and herbaceous strata which accompany these decidous trees.
From the climatological point of view it is characterized by rainy winters and warm summers of the
Temperate Mediterranean type. The annual rainfall for the studied zone varies from 800-1150 mm
corresponding to the intermediate profiles precipitations of 900 and 1000 mm respectively.
The morphological characterization of the considered soil profiles was carried out according to the
Field Guide of the FAO (1977), the classification of the profiles according to FAO (1989) and Soil
Taxonomy (1990). The most representative soil of the zone, where they appear most develop and in
climax condition correspond to Typic Xerumbrepts or Humic Cambisol, with an umbric epipedon on a
Bw horizon.
The corresponding analytic determinations: pH, organic carbon; total nitrogen, cation exchange
capacity, available cations with DTPA, free iron and aluminium and total elements by ICP.
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Results and Discussion. When we observe the development reached by the profiles in the rainfall
gradient, we clearly appreciate the effect of the precipitation on the increase of their depth in the increase
of the rain received by the soil, which in principle shows a more intense process of alteration.
Most of the parameters measured follow a sequence in accordance with the variation of
precipitation; this is shown, from the morphological point of view, in a greater development of horizon
A with a variation in its thickness from 17 to 60 cm, the difference is sufficiently important for the 350
mm of precipitation which corresponds to the two points of the interval considered.
Colour shows an important variation going from 7,5 YR to 10 YR in the upper horizon, noticeable
also in the low "Value" and "Chroma" (from 4/4 to 2/2), as consequence of the increase in content of
organic carbon. In general terms we can consider that in the granulometric analysis the silt fraction
predominates, characterising the texture as loam or silt loam.
On considering the chemical parameters we find that the pH shows not very clear relationship with
respect to the gradient of rainfall in this climosequence.
CAMON *
The content of organic carbon presents an increase with the
gradient of precipitation (4), showing this effect most clearly in the
upper horizon. Nitrogen presents a similar evolution to that found
for soil carbon, and its sequence with depth in accordance with
expectation, since the relationship C/N is similar in all the profiles
presenting values lower than expected, which could be indicative of
a good process of humification in spite of the so acid conditions, this
could be explained by the positive effect originating from the amount
of Fe contained in the slates, although (1) found a fraction of humic
acid associated with the clay characterised by a low degree of
humification and however, it presented a low C/N relationship.
The cation exchange capacity (CEC) presents the same evolution
that the organic carbon since this is the factor which most contributes
to the CEC in these forest soils (2) where the clay content is low,
Figure 1. Carbon content in the four
and moreover their natures are fundamentally: kaolinite illite
profiles of the sequence.
vermiculite
The extractable cations presents, in general, an inverse sequence with the gradient in rainfall, and
this tendency is shown with greater intensity in the upper horizon being that which presents the greatest
content, with respect to the greater recycling of elements coming from the litterfall. Equally it is
necessary to emphasize that calcium is the dominant element of the exchange complex followed by
magnesium (3). The Sum of cations and the Base Saturation vary in the same way that de CEC.
The elements extracted with DTPA clearly decrease in content with the increase of precipitation, as
corresponds to their consideration as available elements, the sharp descent presented by manganese
being outstanding, may be explained by the strong leaching suffered by this element massively reduced
by the combined action of the low pH and the high content of organic matter (5).
The total elements show the greatest alteration caused by the increase in rainfall, which is shown in
the descent in the content along the considered gradient. This tendency is general although there are
some elements which do not follow it exactly. Also these total elements barely show variation with
depth, in contrast to effects observed for their corresponding available forms.
Conclusions.Most of the soil parameters studied follow a good sequence respect to the rainfall
gradient considered.
Literature Cited.
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Continuous Changes of Soil Properties After Clear-Cutting of
'Thujopsis' Natural Forests in Northeast Japan
K. Yamaya. Former Forestry and Forest Produts Research Institute, Tohoku
Branch, Morioka, Iwate 020-01, Japan.
INTRODUCTION.
'Thujopsis' is one of the special evergreen
needle-leaved trees in Japan, and it has known as the podzolforming species. In order to clear the effect of forest vegetation
for soil forming process, the writer used two kinds of soils,
mull and mor, which are opposite in forest-soil ecosystem. And,
he has been investigating on the continuous changes of soil and
vegetation after clear-cutting of 'Thujopsis' natural forests.
MATERIALS AND METHODS.
1 Areas surveyed are situated in the humid cool temperate zone of
Northeast Japan. Mull and mor soils appear in hilly mountain
under 'Thujopsis' natural forests.
2 Experimental plots (10m x 10m) were established in both soils,
and soils before clear-cutting were examined in May, 1957. And,
those after clear-cutting were examined in October for 10 years
1958-1967. Moreover, soils passed 19 and 34 years after clearcuttinq were examined in June, 1976 and August, 1991,
respectively.
3 Common physical and chemical properties were analyzed oy
general methods.
RESULTS AND DISCUSSION.
1 Succession of forest floor vegetation in clear cut-over areas.
The forest floor vegetation has been flourishing in mull soil
under sparse stand than in mor soil under dense stand. And, in
mull soil, new L layer derived from organic materials of floor
vegetation was formed in 4th year after clear-cutting, but in mo.
soil, it was formed in 8th year.
2 Changes of forms of soil profites.
In mull soil having thin A layer", humus materials of surface
layer have easily decomposed and Jiave disappeared owing to clear
cutting, and forms of surface layers have gradually transformed
into the sequence as A -* AB-» B . While new L layer was formed in
4th year and HA layer was formed successively beneath L layer,
subsoils dried year by year, and fissures and angular structures
developed, and even in 34th yean after clear-cutting, signs of
regeneration could not recognize in the soil profiles. On the
contrary, in mor soil having thi;ck A layer, the decomposition of
A layer was rapidly accelerated, and HA layer was formed in 5th
year after clear-cutting. But, degradation of subsoil was yearly
facilitated like in mull soil, and characteristics of
podzolization almost disappeared in 34th year after clearcutting .
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3 Continuous changes of soil chemical properties.
Compare with mull soil, mor soil before clear-cutting have had a
large quantity of humus in surface layer and is strongly acid and
is very poor in exchangeable Ca. Humus and exchangeable Ca
contents temporalily increased just after clear-cutting, but
gradually decreased after that. In mull soil, humus contents
rapidly decreased just after clear-cutting, but humus and
exchangeable Ca contents gradually increased after formation of
new L layer. The continuous changes of soil chemical properties
are clearly large in surface layers and are small in subsoils.
4 Continuous changes of soil nutrient contents.
In mull soil, carbon contents largely decreased just after clearcutting, and after that yearly increased, but in mor soil, those
decreased continuously. CaO contents in mull soil rapidly
decreased after clear-cutting, but after that yearly increased.
Whereas in mor soil that have remarkably increased until 10th
year and decreased in 34th year after clear-cutting.
CONCLUSION.
1 In mull and mor soils derived from local relief under
'Thujopsis' natural forests, the processes of continuous changes
of soil properties are contrary, as stated above.
2 In the early stage (less than 30-40 years) after clear-cutting,
soil changes are active within 10 cm depth of surface layer, and
are small in subsoil below about 20 cm depth.
3 From the above-mentioned, both mull and mor soils after clearcutting follow the passage of degradation even in 34th year. And,
at that time, soil genetic characteristics of both soils become
indistinct and are getting alike in forms of soil profiles. Such
the processes of degradations would be continued until return to
the forest types of 'Thujopsis' before clear-cutting.
Accordingly, he presumes that it needs the terms of 10 years
until return to the soil conditions before clear-cutting.
LITERATURE CITED.
1 Ugolini, F.C. 1968. Soil development and alder invation in
recently deglaciated area of Glacier Bay, Alaska. Biology of
Alder, 115-140, Pacific Northwest Forest and Range Exp. Sta.,
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the behavior of soil organic matter. J. Japanese For. Soc., 47,
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after forest clear-cutting. Series 101,93pp. Forest Development
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CHANGE IN THE ECOLOGICAL ENVIRONMENT OF
RECLAIMED LATERITIC RED EARTH
Liu Tenghui
(Department of Soil Science, South China Agricultural
University, 510642 Wushan, Guangzhou, China)
Introduction
In recent 30 years, the sited experiment of reclaimed lateritic red earth
demonstrated that the ecological environment of soil varies with farming
systems of two crops a year, one crop a year and one crop many years,
relating to, for instans, the type and the quantity of weeds and insects,
soil nutrient contents and physical properties, soil microbical composition
and activity, etc. In farming plots, one crop many years is favorable
to raise soil fertility and crop
yield,
and to improve soil ecological
enviroment, where perennial green manure plays an especially important role.
Materials and Methods
The above mentioned change was tested in field experiment during 30 years,
The experimental site was located in Wushan, the
from 1966 to now.
northeast suburb of Guangzhou.
There are three threatments, i.e.(l) two crops a year,(2) one crop
a year,
(3) one crop many years. The average use of N.P and K per year is 46, 30
and 30 kg/ha respectively. Sampling and analysing were done in every
winter or the end a crop course.
Results and Discussion
Lateritic red earth is widely distributed in hill regien of south part of
Fujian, Guangdong, Guangxi provinces. For the purpose of rationally
utilizing the soil and heightening its fertility of it,
the fix- sited
experiment has been carried out on the granitic lateritic red earth.
The results of the experiment are as follows:
1. The weed and insect
After reclaiming, the change of biological association
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soil

arose

clearly, i.e. the type and quantity of weed and insect increased with time,
especially in plot 1.
2. The soil nutrient content
At the first 2- 3 years,
the soil organic matter content decreased
universally and there was a big decrease (from 1.4% to 0.94%) in plot 1.
At the fourth year, the soil organic matter content increased and there was
a big increase in plot 3 ( the plot of growing perennial green manure crop).
This shows that the soil organic matter content is related to cultivation
intensity. Besides, at the beginning time, more attention should be paid to
fertilising P and K, and the perennial green manure crops should be
arranged in rotation.
3. The soil texture, granule and porosity
After reclaiming, in plot 1, sand(>0.6mm) content increases by 7. 56 %,
physical clay(<0.01mm) content decreases by 6.17%,the granule ( at first
mainly 2 1mm,afterwards mainly 1-0.6mm and 0.6-0.26mm)increases obviously,
the capillary porosity of the plowed layer increases from 29% to 33-36 %,
and the ratio of capillary porosity to non-capillary porosity in plowed
layer is 6:1 and that of the subsoil is 23:1.
4.The economic efficiency
In plot 3, the economic efficiency is highest.For example, the peanut yield
in plot 3 is 12.4 times as much as the seed, while that in plot 2 is 9.8
times and that in plot 1 is only 6.6 times.Besides,the annual yield of the
latter is higher, but the production cost of it is also higher.
Literature Cited
(l).wen Chi Hsiao etc,
1983. The content and characteristic of soil
organic matter in red earth. (China Red Earth)
119-120,123-127.
(2). Ho Tien Yuan, 1983, The nutrient content state and fertility
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CROPPING SYSTEM AND TILLAGE EFFECTS ON
SOIL QUALITY IN SEMIARID REGIONS
B. A. Stewart. International Institute of Dryland Agriculture,
West Texas A&M University, Canyon, TX, U.S.A.
Introduction. Semiarid regions are widespread and occupy large areas. Semiarid
regions are especially limited by lack of sufficient precipitation. The high winds and
lack of cloudy weather that are also characteristic of such regions worsen the
situation because of large losses of the scant precipitation by evaporation and high
demands for evapotranspiration. Extensive population growth pressure, particularly
in developing countries, leads to conversion of grasslands to croplands, with
expansion normally progressing into less and less favorable areas. Expansion into new
areas is especially attractive following a year or sequence of years of above average
precipitation. Then, when precipitation amounts return to average or below, these
fragile areas become extremely vulnerable to erosion and other forms of soil
degradation. In cases where crop production systems on these new lands cannot be
sustained, there is a double negative effect on the environment because the lands that
were previously sustainable for livestock are sometimes degraded to the point that
they are no longer sustainable for either crop production or livestock.
With
populations growth rates exceeding 3 % annually in many semiarid regions of the
world, enormous pressure is being placed on fragile land resources. As populations
increase, millions of people settle in drought-prone areas shunned by farmers
throughout history. Generally speaking, drought, in many cases, has not moved to
the people; rather, people have moved and continue to move to drought-prone areas.
Sustaining and Enhancing Soil Quality. Soil quality is best defined in relation to the
functions that soils perform in natural and agroecosystems. Soil quality is determined
by a combination of physical, chemical and biological properties such as texture,
water-holding capacity, porosity, organic matter content and depth. Soil quality is
degraded through many natural and anthropogenic processes including erosion,
compaction, loss of soil organic matter and biological activity, acidification, and
salinization. For most agricultural soils, degradative processes and conservation
practices occur simultaneously. Unless the conservation practices are adequate to
equal or exceed the degradation processes, the soil quality cannot be sustained and
this may eventually lead to an unsustainable agricultural system.
Sustaining soil quality in semiarid regions is particularly difficult. This is because
degradation processes such as organic matter decline and erosion are very serious in
these areas, and the conservation practices necessary to prevent or offset these
processes are severely constrained by lack of precipitation. Soil protection is provided
primarily from crop residues and plants; adding organic matter to the soil through crop
rotations, manures, or crop residues; and careful management of fertilizers, pesticides,
tillage equipment and other elements of the farming system. Crop residues and
manures are not only in very short supply in semiarid regions, the situation is made
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worse by the fact that these resources are often removed from the land for use as fuel
or livestock fodder.
Technologies for Increasing Plant Available Water. Sustaining soil quality in semiarid
regions is dependent on returning substantial amounts of organic matter to the soil.
Unless manure or other organic substances are added from external sources, the
organic matter must come from crop residues or cover crops, and these are dependent
on water. In some semiarid regions, there is sufficient rainfall during the growing
season to sustain crop growth. In other regions, there may be more than adequate
precipitation during part of the growing season but the rains stop before the crop can
mature. In both cases, it is essential that water be stored in the soil profile to supply
the plants with water. There are proven technologies that can significantly increase
soil water storage. However, their application and acceptance depends on a number
of physical, economical, and social factors.
The need to control wind erosion during the "Dust Bowl" of the 1930s in the U.S.
Great Plains led to the development of stubble mulching. Stubble mulching use
V-shaped sweeps or blades that are pulled flat about 10 cm beneath the soil surface.
This operation cuts plant roots and kills the weeds but does not invert the soil.
Therefore, much of the crop residue is left on the surface where it can serve as a
mulch to prevent wind and water erosion, increase infiltration, and slow evaporation
losses. The less intensive tillage also results in less decomposition of soil organic
matter and deterioration of soil structure. Although the original focus of stubble
mulching was to control erosion, the benefits from increased soil water storage have
become even more important. This has an upward spiral effect because as more
mulch that is left on the surface, more water can be stored, crop yields can be
increased, and this makes more crop residues available for mulching. The evidence
is clear that such practices also lead to increased soil organic matter levels,
particularly in the surface zones.
Sustaining the quality of soils in semiarid regions is a tremendous challenge. Soil
degradation is a complex phenomenon that is driven by strong interaction among
socioeconomic and biophysical factors. In these regions, soil degradation is propelled
by fragility of soil and harshness of climate. Soil scientists must work closely with
scientists from other disciplines, particularly economists and social scientists to
develop productive, profitable, and sustainable agricultural systems. In the final
analysis, however, these systems must be implemented through economic incentives
or government policies.
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Natural and Antropogenic Evolution of Wetlands Soils in
Deltaic Zones of Arid and Humid Regions
G.S. Kust 1 and J. Camara-Córdova2. ISoil Sciences Faculty, Moscow State
University, 119899 Moscow, Russia. 2Division de Ciencias Biológicas,
Universidad Juarez Autónoma de Tabasco, Apdo. Postal 123, 86001
Villahermo sa, Tab., México.
Introduction.
Deltaic wetlands are the territories of the most fertile soils and plant
productivity in any region of the world. But at the same time, the soil cover of such regions is
the most changeable. We studied the likeness and the difference between soils and soil evolution
in the deltaic wetlands of arid Central Asia and humid tropics of Mexico.
Materials and Methods. Soil evolution was studied in the deltaic wetlands of the basin of Aral
Sea (Syr Darya river in Kazakhstan and Amu Darya river in Uzbekistan and Turkmenistan) and in the
basin of Grijalva-Usumacinta river in Mexico during 1989-1993.
Our asiatic deltaic wetlands are located in the arid subtropical zone: Annuala temperature is 1012° C with seasonal fluctuations (January -7° C, July 27° C); annual precipitation is 90- 110
mm. The american site is located in the humid tropical zone with 26.5 C as annual mean
temperature without fluctuations, and near 2,000 mm of annual precipitation.
Results and Discussion. The main reason of the uniformity of natural soil forming process are
connected with the predominance of the hidrogenic trend of soil evolution in so called "living"
deltas. This is a result of recurrent flooding which take place in deltaic wetlands inspite of
macroclimatic conditions. In any delta these reasons lead to the formation of three main soil
types: meadow, bog and peat soils.
Salinization of deltaic wetland soils is also a feature of their uniformity. As to conception of
Prof. Kovda, deltas are the regions of geochemical accumulations of salts in soil body.
But if
it is obvious for arid regions, where evaporation is dozen times more than precipitation, this
fact seems to be very interesting for tropical deltaic wetlands. We studied the salinization of
meadow soils of river swells in the biosphere reserve "Los Pantanos de Centla", in the Tabasco's
lowlands. This territory is free of the influence of sea tides. Here there are more than one
percent of soluble sodium sulfate and about five percents of calcium carbonate in the upper
horizons. The same salts are noticed in the meadow soils which are located to the borders of
drying lakes in interdeltaic depressions.
To our opinion, this could be connected with the soluble salts accumulation in the conditions of
poor drainage of this deltaic soils. These salts as well as calcium carbonate are the products of
weathering and «deposition of carbonatic rocks, which are located in the upper reaches of the
basin.
Inspite of the similarity of the actual process of soil formation in the deltas, the consequences
of antropogenic impact on these soils are different. The overregulation of the flow of Amu Darya
river and Sir Darya in their deltaic wetlands caused the loss of equilibrium between arid
macroclimatie and additional amount of water coming outsides. The results were the drying and
desertification of soils and ecosystems, that at final led to the ecological catastrophy of the
region.
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At present time there are two main directions of soil evolution in amudarya and Sirdarya rivers'
deltas: The first direction is the degradation of soils and the formation of abiotic ecosystems
(dead shor solonchaks in depressions and blowing sands on the river banks); the second direction
is the formation of biotic desert ecosistems with sandy or takyr-like soils.
As usual, the first direction takes place when the rate of drying is high and plant successions do
not have time to follow the changes in edaphic conditions. The second direction takes place when
drying is slow but the stage of solonchak or salinized soils are much longer.
In the conditions of humid tropics the contrast between so calle hydrogenic and climatogenic
trends of soil evolution is not so high as in arid lands.
We studied such a directions of soil autoevolution when the consequence of changes in plants and
soils (caused by natural or antropogenic processes of furcation or meandring of river beds and
channels) maintains the bog-forming conditions automatically. In other words, the factor of water
prevails over soils and ecosystems of delta and do not give a possibility for the developing of
soil processes, which are peculiar for semihydromorphic or the more for automorphic conditions.
If to make an artificial drainage systems on these soils the effects will not be so fatal. But
during the projecting of such a systems one have to afraid the loss of soil fertility first of all
due to the degradation of orgaic matter of peat soils and peats.
These soils are wide spread in the Grijalva-Usuamacinta basin, the thickness of peat is sometimes
more than 2-3 meters. This can be consdered as a question of great importance from two points of
view. The first is a problem of rapid mineralization of the peat, that lead to the uncovering of
toxic gleic horizons. And the second is the problem of "greenhouse effect" and global climatic
changes, one of the main contributores to which are the hasty antropogenic influences when they
result in the destruction of great supply of carbon which is kept for a long time in natural
ecosystems.
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The Way of Raiseing the Fertility of Soil on The
Reclamation Area in Jiangsu of P.R.C.
Ling Li. (Jiangsu State frms Agribusines Co.)

Introduction
Jiangsu reclamation situades on the seashore of huang hai, Lt was sink alkaline and saline land.
The soils are regarded as clayland moist saline Salinity problems and floodwater used to be the
main ninder factors to improve crop production. During the past 40 years of reclaming, the most
spectacular change has taken place by bailding the irrigation systems, narnessing salinity and
improving soil fertility. Between 1980 and 1990, The total grain yields have increased by 2.3
Times, per unie yield has increased 95.6 %, the area of saline slils have decreassed 80%. The
content of humus in soil has raised 5.45% The quick-acting N and P have raised 35.30%
and 63.3 %.
Materials and Method's
1.- Determination of regular the fertility of soil mastering the State an change of the fertility
of soil.

2 . - Analying the limit factors to crop yield and soil fertility, engaging in scientific
experiments.
3.- Adhering to the methods of experiment demostration, popularization in order to increasing the
crop yield and raiseing the soil fertility.
Results and Discussion.
1.- Drainning flooded fields cutting down the subterranean water and ameliorating the saline lund.
It is required in speeding up utilizing and improreing the saline by way of building irrigation
systems, controlling floods permanently, plantiug Rice for washing away alkaline and saline and
sowing green manure crops.
2.- Increasing to slppy the organic manure adequatly and making up a prescription fertilization.
Forming the technical of application organic manure. The application of fertilizer must be used
edaquatly bused on the rich or lack situation of soil nutrient. Comparisons of the number of
manure applied from 1985 to 1990 The N has increased 31.6% the P205 increased 136.3% and the K 2 0
increased 297.5%. The applacatiou of trace elements such as Zn, B, Mo et al have been popularized
sa well.
3.- Setting the superior system of ratatiou and cropping based on the resules of thes experiment,
the crops ratation systems of the early-ripenung crop and rice, grain crop and cashcrop, grain
crop and legume Crop et-al, have been developed, and tilling systems With the no-min-tilling as
teir main part have haen formed.
4.- Improving the operational technical of apply manure. To improve the operational technical of
fertilization is the key to increase crop yield. The diamatic increase in crop yield has occured
over the past production practice. With this kind of technical. The yield of rice and wheat have
achieved per ha 9000 kg. and 750 kg. The utilization ratio of fertilization (N) at the early,
middle and late of growth stage has reached 34.36%, 52.35%, 61.92% in Rice plant.
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A System of Soil and Water Resources Models
J. R. Williams, J. G. Arnold, and C. A. Jones. USDA-Agricultural Research Service and
Texas Agricultural Experiment Station, 808 East Blackland Road, Temple, Texas, 76502,
U.S.A.

Introduction. The modeling system under development at Temple, Texas, contains several models for
use in solving a variety of soil and water resource problems. The models range in temporal and spatial
scales, applicability, and component detail. All make extensive use of national soils data bases and/or
GIS layers developed by the USDA, Soil Conservation Service (SCS). Models currently contained in
the system include the Erosion-Productivity Impact Calculator (EPIC) (3), the Simulator for Water
Resources in Rural Basins (SWRRB) (2, 4), and the Soil and Water Assessment Tool (SWAT) (1).
EPIC is a field scale model; SWRRB was designed to operate on watersheds up to 2500 km2; and
SWAT is a routing model that interfaces with EPIC and SWRRB to provide river basin scale
capabilities. EPIC is a field scale model with strength in crop growth, nutrient cycling, and agricultural
management. SWRRB features an expanded spatial scale (up to 2500 km2) accomplished by
subdivision, pond and reservoir simulation, and sediment routing capabilities. SWAT extends our
modeling capabilities to large river basins with its streamflow simulation capabilities and GIS link.
Field Scale Model. EPIC was developed to assess the effect of soil erosion on soil productivity. It
was used for that purpose as part of the 1985 RCA (1977 Soil and Water Resources Conservation Act)
analysis. After the RCA analysis, model refinement and development continued, and EPIC has been
applied to a number of small watershed management problems. EPIC components are: hydrology,
weather, erosion, nutrients and pesticides, soil temperature, plant growth, tillage, plant environment
control, and economics. Soils input data for 737 important U.S. agricultural soils are provided. Access
to about 14,000 U.S. soil series is available through the CM soil program.
Watershed Scale Models. SWRRB was developed to predict the effect of management decisions on
water and sediment yields for ungaged, rural basins. Recently, components have been added to
simulate nutrient and pesticide movement. The model allows simulatenous computations on several
subwatersheds and simulation of weather, lateral flow, pond and reservoir storage, crop growth,
transmission losses, as well as sediment movement through ponds, reservoirs, streams, and valleys.
Soil inputs are available for about 14,000 U.S. soil series.
SWAT was developed for use in managing large river basins to maintain adequate water supply and
quality. The model was developed by modifying the SWRRB model for application to large, complex
rural basins. Major changes involved: (a) expanding the model to allow simultaneous computations on
several hundred subwatersheds and (b) adding components to simulate lateral flow, groundwater flow,
reach routing (instead of subbasin directly to basin outlet SWRRB approach), transmission losses, and
sediment and chemical movement through ponds, reservoirs, streams, and valleys. SWAT allows
subdivision by natural flow paths and boundaries or into grid cells. GIS tools have been developed to
automate model inputs for soils, topography, land use, and weather from digital maps and relational
data bases and spatially display model outputs.
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Applications. Example EPIC applications include: (a) 1985 RCA analysis, (b) 1988 drought
assessment, (c) soil loss tolerance tool, (d) Australian sugarcane model (AUSCANE), (e) pine tree
growth simulator, (f) global climate change analysis (effect of C0 2 , temperature and precipitation
change on runoff and crop yield), (g) farm level planning, (h) five-nation EEC assessment of
environmental/agricultural policy alternatives, (i) Argentine assessment of erosion/productivity, (j)
USDA-Water Quality Demonstration Project Evaluation, (k) N leaching index national analysis, and
(1) EPIC is one of six models chosen by SCS for use in water quality simulation.
SWRRB is currently in use throughout the U.S. by various government agencies and environmental
consultants. SWRRB is being applied to quantify the impact of water management in the Little
Colorado river basin in northern Arizona and New Mexico. This is part of an effort being undertaken
by the Bureau of Indian Affairs (BIA) and the Hopi and Navajo Indian Tribes to quantify Indian rights
to water in reservation basins. The Environmental Protection Agency (EPA) has adopted SWRRB as
a pesticide assessment model and have developed their own user's manual. Several chemical companies
and consulting firms are using this version of the model for environmental assessment. SWRRB was
one of six models chosen by the Soil Conservation Service (SCS) for use in water quality simulation.
SWAT provides the modeling capabilities to the Hydrologie Unit Model for the United States (HUMUS)
project. The findings of this project will be used in the RCA assessment, conducted by the SCS,
scheduled for completion in 1997. The major components of the HUMUS project are: (a) SWAT, to
model surface and subsurface water quality and quantity, (b) A GIS to collect, manage, analyze and
display the spatial and temporal inputs and outs, and (c) relational databases needed to manage the nonspatial data and drive the models. The HUMUS project will simulate and validate approximately 350
6-digit hydrologie unit areas that have been delineated by the U.S. Geologic Survey for the 18 major
river basins in the U.S. Also, river authorities in Texas are utilizing SWAT to assess management
impacts on water supplies and off-site water quality in several river basins.
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Management of Dactyladenia bateri Bush Fallowing Clearing
M.P. Gichuru, and L.G. Owoeye. International Institute of Tropical
Agriculture, Oyo Road, P.M.B. 5320, Jbadan.

Introduction. Enhancement of the action of the natural fallow with planted
trees without altering the crop/bush fallow rotation is likely to be adopted
by farmers who are already familiar with the bush fallow system (Nye and
Greenland 1960; Jaiyebo and Moore 1964). Dactyladenia barteri is a tree
selectively retained and in some cases planted by farmers in the humid forest
zone of southeastern Nigeria to accelerate soil fertility regeneration. After
the fallow period, the vegetation is slashed and burned. However, burning
results in the loss of nutrients through volatilization and leaching. Mulching
with the cleared vegetation can be beneficial for soil protection, slow release
of nutrients, and increase in organic matter (Lai, 1982).
Materials and Methods. An experiment was conducted to determine the management
of a 4-yr Dactyladenia barteri fallow vegetation in the humid forest zone
of southeastern Nigeria. The soil is a Loamy Siliceous Isohyperthermic Typic
Paleudult. The area has an annual rainfall of 2400mm in monomodal distribution
lasting from March to November. The cleared vegetation was treated as follows:
retention or removal of woody material and the remaining material either
burned or applied as mulch before intercropping maize and cassava. A second
experiment was conducted to determine the optimum amount of mulch with or
without burning.
Results and Discussion.
Application of the vegetation as mulch improved both cassava and maize
performance compared with burning the fallow vegetation. Mulching also
resulted in reduced weed infestation. The removal of the woody material,
which could be used as fuelwood, generally resulted in easy access for land
preparation. Burning the residual vegetation after wood removal resulted
in less damage to the tree stumps by fire and therefore better coppicing
and subsequent high biomass production by the trees during cropping compared
with burning all the vegetation. Burning increasing amounts of mulch did
not have any effect on weed infestation but higher rates of mulch resulted
in reduced weed infestation and higher crop yield. Our results therefore,
show that the removal of wood and application of the remaining vegetation as
mulch has dual benefits of the wood being used for fuelwood and reduced damage
of tree stumps resulting in greater biomass production of green manure for the
food crop. In addition, the soil is protected from the rainfall impact which
may result in reduced soil erosion and improved physical properties. The
mulch also suppresses weeds during the cropping cycle.

312

Literature cited.
Jaiyebo, E.0 and Moore, A.W. (1964). Soil fertility and nutrient storage
in different soil-vegetation systems in the tropical rainforest
environment. Tropical Agric. (Trin.) 41: 130-138.
Lal, R. (1982). Effective conservation farming systems for humid tropics.
pp. 57-76. in W. Kossov, S.A. El-Swaify, and J. Mannering (eds). Soil
Erosion and Conservation in the Tropics. ASA Spc. Pub. No. 43.
American Society of Agronomy, Madison, Wl, U.S.A.
Nye, P.H. and Greenland, D.J. (1960). Soil under shifting cultivation. Tech.
Communication 51. Commonwealth Bureau of Soils. Farnham, U.K.

313

Nutrient Recycling and Organic Fertilizers as Alternatives to
Shifting Cultivation in the Tropics
Charles R. Obatolu. Cocoa Research Institute of Nigeria Soils and Chemistry
Division, P.M.B. 5244, Ibadan-Nigeria

A B S T R A C T
In most areas of the tropics, shifting cultivation and the slash and
burn system is still the predominant system of food and cash crop
production» Primarilly, because no viable alternative has boen found that
can replenish the soil fertility status within a short time and because
of the relatively high labour requirements»
However, as a result of the limiting factor of reduction in arable
land area and the ever growing populations of these areas, there is the
need to find viable alternatives to shifting cultivation end the slash and
burn systems. There is need for intensive agricultural system which
requires amongst others the use of fertilizers. Unfortunately, because of
escalatir.c prices of chemical fertilizers, most farmers in the tropics
cannot afford the use»
These have been extensive investigations into various methods of
nutrient recycling and the use of organic fertilizers as means of
intensifying agricultural production and as alternative to the shifting
cultivation system» Investigations in this direction, include the use
of mulching materials of various sources, the incorporation of organic
materials into the soil to enhance soil fertility, prevent soil erosion
and conserve soil moisture content»
Various legume shrubs have been investigated at the International
Institute for Tropical Agriculture for their efficiency in nutrient
recycling and ground coverage in many ecological zones of the tropics»
Similarly research efforts have shown various tropical weeds and crop
residues as good sources of organic materials that can provide good
ground coverage and improve soil fertility status within a year and
during cultivation (Obatolu and Agboola, 1991, Agboola and Obatolu, 1989).
Some of these materials have been found to improve soil CBC by
between 74.505. and 234.50% over the control within a year on an
Alfisol grown to Coffee in Nigeria. In these series of trials, it was
also shown that the quality of soil organic matter was significantly
improved by these organic materi*s. The need to weed has also been
significantly reduced through mulching with organic materials in many
parts of the tropics»
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Food Legume Soil Improvers Alternatives to Slash and Burn
Agriculture in the Wet Savanna Region of Nigeria
C. J. Obiagwu and O. O. Agbede. Department of Soil Science, University of
Agriculture, Makurdi, Benue State, Nigeria.
Introduction:
Farmers in the Wet Savanna ecological zones of Nigeria
practise shifting cultivation with an average fallow period of
about 3 years. Bush clearing is by slashing and burning
followed by manual tillage before planting. The soils are
characterised by deficiency of N, S and Zn; low in effective CEC
and organic matter while they have tendencies for fixing P.
Inorder to improve soil productivity and obtain sustainable crop
yield, application of soil ammendments such as cheiaical
fertilizers, manure and crop residues has been suggested
(Agboola, 1980). Fertilizer is scarce and expensive, farm yard
manure is bulky to obtain while incorporation of crop residues
in absence of tractive power is difficult. Leguminous plants
have been suggested as the best alternative in the circumstance
to significantly contribute to the maintenance of N levels,
organic carbon content and good physical properties of surface
soils in some intensified cereal-based cropping systems
(Heichel and Barnes, 1984; NAS, 1979). However, the soil
fertility improvement potentials of food legumes in non-cereal
based cropping systems need to be evaluated. We have therefore
initiated projects whose objectives are, to characterise the
growth habit of some locally grown food legume, determine their
subsequent resources and identify suitable cropping systems where
the full value of each legume option can be realised.
Materials and Methods:
To achieve the objectives, five pulses locally grown for
food in the ecological zone including Cajanus, Tylosema,
Phaseolus, local (Kafanji) and improved (IAR-355) Vigna spp.,
were planted in split plot designed field experiment to
determine the biomass, ground cover, rooting depth, nurtrient
uptake, nodulation capacity and how these characters influence
changes in surface soil physical and chemical properties
respectively. Pigeon pea and kafanji were further selectively
evaluated for their potential benefits in maize and cassava
cropping systems. Different levels of fertilizer NPK was
applied to the maize based system. Other cultural operations
were at optimum conditions on both cassava and maize plots
containing the legumes. At maturity of both legumes and the
main crops, the yield of grains and other phenological
measurement were made and appropriately compared.
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Results and Discussion:
Cowpea varieties provided higher soil surface coverage than
pigeon pea (Cajanus spp.). The kafanji (Indeterminate local
cowpea) was better than IAR-355 (improved cowpea) in covering the
soil surface. Generally, the test legumes did not influence the
yield of the main crop (maize) in a mixture. Intercropped maize
gave higher response to applied fertilizer than maize monocrop,
suggesting that the legumes stimulated the nutrient utilization
efficiency of the intercropped maize. The total grain yield of
both maize and legume was an added advantage in the intercrop.
Growth parameters measured four months after planting cassava
showed that those mulched with live litter of pigeon pea were
inferior to those that followed kafanji and natural fallow. Afte
complete screening and characterisations of the test food legume
crops, their appropriate placement in different cropping systems
would be investigated and identified for the wet Savanna
ecological zones of Nigeria.
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Effect of Method of Burning on Soil Frertility and Crop
Yield Consequent upon Shifting Cultivation in North
India
MUiN^A RAM. ICAR Research Complex for IN.E.H. Region, Umroi Read,
Barapani - 793 103, Meghalaya, I n d i a

I n t r o d u c t i o n . Burning of s o i l i s a common p r a c t i c e a s s o c i a t e d
with s h i f t i n g c u l t i v a t i o n and known t o i n c r e a s e t h e s o i l
f e r t i l i t y and y i e l d of crops a p p r i c i a b l y even without t h e
a d d i t i o n of manure and f e r t i l i z e r s ISharma 197b). rue magnitude
and e x t e n t of changes in s o i l f e r t i l i t y and crops y i e l d a r e
q u i t e v a r i a b l e a f t e r t h e land cleaning and depends on burning
m a t e r i a l s , method of i t s burning, slope g r a d i e n t , f e r t i l i z e r
management and c u l t u r a l p r a c t i c e s . Hence, t h i s age-eld p r a c t i c e
was s t u d i e d c r i t i c a l l y from t h e above mentioned angles under
i d e n t i c a l s o i l and c l i m a t i c c e n d i t i o n .
M a t e r i a l s and Methods. F i e l d i n v e s t i g a t i o n with four l e v e l s of
biomass l i . e . Table 1) and two method ^ i . e . open and c l o s e d
known as «Jhum and nun) or i t s burning with a s e p a r a t e t r e a t m e n t
cf NPK vé) b0:2o:50 Kg/ha) was c a r r i e d out in acid napludalf
I fine loamy mixed Thermic family of u l t i c napludalf) en a slope
g r a d i e n t of 15 p e r c e n t a t barapani I9b0 m, m s l ) . d i n g e r C.V.
r*adia was r a i s e d as t e s t crop witn 00 Kg N/ha. Soil
c h a r a c t e r i s t i c s was monitored a t r e g u l a r i n t e r v a l s 1-20, 5,
faO, 120, 180, 2:40, 36b and 7 20 d a y s ) .
Table 1. Effect cf burning ^n ganger y i e l d tq/ha)
Q u a n t i t y of
biomass v t / n a )
0
40
B0
120

NPK vB0:2b:50)
Mean
C D . a t Obi*. :
wetnod
biomasa
Method x Biornass
R e s u l t s and D i s c u s s i o n .

Method
bun

Jnum
152.7
227.3
243.6
270.0
238.4
226.4

lb2.7
2B7.3
301.8
312.b
23b. 4
258. 6

Mean
15 2.7
257.3
27 2 . 7
29 1. •*
23b.4
-

19.05
10.17
14. 41
T h e q u a n t i t y of

b i o m a s s and metnod

of i t s burning e x n i b i t e d marked influence on raizune y i e l d , 'i'ne
d i f f e r e n c e in rhizome y i e l d was more pronounced with q u a n t i t y ol
oiomass tnan method Of i t s burning V Table 1 ) . on an average.
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uurni^g o t biomass aione and metwed of i t s burning increased the
rnizetne yield tc the tune of 80.1 and 22.2 per cent ever contrei
and J nun system, respectively '(«watuii et ai l y b l j .
i t i s also
worth mentioning were that iccai practice, such as, removal of
mother rnizome aicne augmented tne rnizome yield tc tne tune of
10.i>/« over n~ removal whereas i t was lb.l/° between upper and
lower naif ridges of tne same bun due to slope gradient, newever,
the difference in rnizome yield was more apparent in bun tnan
onum tanning due to nutrient removal and i t s accumulation and
nigner Soil moisture status in lower ridges.
Tne periodic monitoring of soil characteiistics leveaied
t.iat a substantial increase in soil pn, avoiiaoie *- and K and
drastic reduction in lime requirement was noticed in botn the
systems but dij.iereu iruu one system to another u^unna Kam et ai
19yl; . As time advanced (.days after burning;, the increase or
decrease in s - n vuriaoies u- net l a a t longer but always remain
wither and started returning but do not return tu i t s original
state even at 240 days after burning (.Table 2).
newever, a
gradual reduction or advancement m soil parameter excepting a t
bO ana 180 days after tne turning was notice due to the adopted
cultural £ r a c t i c e s i . e . e a r t h i n g .
Thus, i t Could b e i n f e r r e d
fruu t n e p r e s e n t i n v e s t i g a t i o n t h a t bunning i s more e t t e c t i v e
t n a n Jnummlng with r e s p e c t t o r e s t o r a t i o n o r s o i l f e r t i l i t y a n d
c r o p p r o d u c t i v i t y p o i n t e^t v x e w .
Table 2.
Sou

Effect

parameters

o f b u r n i n g on s o i l
^ e t oi e DUm i n q
1

3 - i i p n v 1: l j
A v a i i a o l e i- riray s v
>.ppm)
A v a i l a b l e K (ppm)
Lime r e q u i r e m e n t i t / n a )

4.6
O.bb
120
8.3

characteristics
A i ter b u r n i n g IdavsJ
hum
esun
b
240
5
24u

b.3
19.1
40 2
5.8

b.1
4.y
200
6.5

b.o
44.0
020
0.8

0.0
7.b
305
3.0

LlTLK^Te-n.k CiTLD
11;

A w a s t n i , R t-, ^ . a r i , S a n d o r e w a i , J S H 9 o l ) .
Effect of
s o i l b u r n i n g on g r o w t h a n d y i e l d o f p o t a t o i n K h a s i
M i l l s c f Mecnalaya. i n d . J . A g n c . S c i . I 5 1 l 5 ) : 312..

^2)

Munna K#TI a n d P r a s a d , K a i l y y l ) .
E f f e c t Of t y p e a n d
q u a n t i t y o f b i o m a s s on s o i l f e r t i l i t y a n d c r o p y i e l d
c o n s e q u e n t u p o n J h u m a n d Bun a g r i c u l t u r e .
Annual
R e p o r t , ICAR R e s e a r c n Co-mplex, B a r a p a n i , p a c e 5 7 - 5 e .

13}

Sharma, T C i l y / o ; .
The p r e - h i s t o r i c b a c k g r o u n d o f
shifting cultivation.
P r o c e e d i n g of seminar on
s n i f t i n g c u l t i v a t i o n i n N.E. I n d i a .
North i a s t
India Council f o r Social Sciences Research.
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Introduction
In the tropics, improved cropping systems based on organic
matter management are needed under the prevailing conditions of
a high population pressure on land, combined with a reduced
fertility restoring fallow period. Alley cropping systems have
been promoted to sustain crop yield (1). Low recovery of the
added residue N in a subsequent maize crop (2) , however, may
severely devaluate the sustainability of alley cropping systems.
In this study, the objectives were (i) to quantify the
maize and cowpea uptake of N derived from 1 5 N labeled residues
Lam. (de Wit), applied in an existing
of Leucaena
leucocephala
alley cropping trial and (ii) to assess the fate of residue N,
not taken up by the crop.
Materials and methods
In March 1992, 1 5 N labeled Leucaena residues were applied at a
rate of 3.31 ton fresh matter per hectare in microplots (4.2 x
1.6 m) installed in alley cropping systems with Leucaena trees
as hedgerow. Uptake of added residue N by the growing crop maize (Zea mays) in the first season and cowpea (Vigna
sinensis)
in the second season - and hedgerow trees and incorporation of
residue N in the top soil were measured regularly during a 200
day period, corresponding with the first growing season and part
of the second growing season. The mineral N content in the soil
solution (combination of tensiometer/suction probe system) was
measured weekly during the same period of time at 4 depths (10,
30, 50, and 90 cm).
Results and discussion
Decomposition of the leucaena surface litter is extremely fast,
as only 19 % of the added residue N is left after 21 days. After
50 days, 8 and 17 % of the residue N is recovered by the maize
and the regrowth of the hedgerow after the first pruning,
respectively. About 10 % of the leucaena N is recovered in the
regrowth of the hedgerow after the second pruning. The cowpea is
recovering only about 1 % of the residue N, 7 weeks after
planting.
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In the presence of a crop, the mineral N content of the 090 cm soil layer is high before 4 and 6 weeks after planting the
cowpea and maize, respectively. In the absence of a crop, the
mineral N content is high throughout the experimental period,
especially in the deeper soil layers, and reaches about 120 kg
N/ha, 7 weeks after the pruning application.
In the presence of a crop, mineral N losses are minimal
after full crop establishment. Before this period, however, the
soil mineral N is highly susceptible to leaching, while the
hedgerow does not seem to be able to withdraw substantial
amounts of N from the soil solution of the top layer, probably
due to the loss of its canopy.
Immediately
after
pruning
application,
both
crop
and
hedgerow do not seem to be able to prevent mineralized N from
being
leached. Research on alternative
hedgerow
management
practices is needed to improve the N recovery by the tree in the
absence of a crop.
Literature cited
(1) Siaw, D. E. K. A., Kang B. T. and Okali D. U. U. 1991. Alley
cropping with Leucaena
leucocephala
(Lam.) De Wit and
Acioa
Barteri
(Hook.f.) Engl. Agroforestry Systems 14, 219-231.
(2) Mulongoy, K. M. and Van der Meersch, M. K. 1988. Nitrogen
contribution by leucaena (Leucaena
leucocephala)
prunings to
maize in an alley cropping system. Biology and Fertility of
Soils 6, 282-285.
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Introduction. The sugar cane plant can grow under drought or
flooding conditions but in both cases, its yield disminishes
seriously (4) . During the germination and growth of sugar cane
requires a warm and humid climate but in the maturity stage needs a
dry one to produces high yields in a twelve months cycle. In the
Tabasco state, the environmental conditions as high rainfall during
september-december and drought in raarch-april, low light intensity,
clay soils with deficient natural drainage, affect the sugar cane
yields. The main purpose of this study is search alternatives that
help to disminish the unfavorable effects of environmental
conditions by knowing and understanding some of the relantionships
between climatic, soil and plant factors on the most important
sugar cane varieties cultived in the Plan Chontalpa, Tabasco, under
subterranean drainage conditions.
Materials and Methods. The study site is located
in the
Experimental Field of CEICADES. The sugar cane varieties were: Méx.
69-290, Méx. 68-P-23, Méx. 73-206, SP 70-1284 and Bar 114-35. The
sowing date was on december 21-24, 1992. The spacing between drains
used: 0, 10, 20, 30, 40 and 50 m. The fertilization rate was:
160-80-80 applied at three months age of sugar cane. The plant
sample is 0.5 m at long by treatmente. The parameters evaluated
were divided in^ three kinds: 1) Edhaphics: % soil moisture, field
capacity (F.C.), milting point (M.P.) and chemical propierties. 2)
Physiologycals: % plant moisture, plant height, dry weight, leaf
area,
growth
rate
(GR), relative growth
rate
(RGR),
net
assimilation rate (NAR), % reducing sugar, % sucrose, % total
sugar, purity, % fibre, N, P and K (2,3) and 3) Climatics: maximun
and minimun temperature, rainfall, % relative humity and light
hours.
Results and discussion. The study site presents soils with
percentajes of clay <30% (19-27%) which indicates a textural
classification of clay-sandy (pH 6.3, 1.52% O.M., 0.09% N, 12.76
ppm P and 0.17 meq/100 g of K) . The soil moisture at F.C. was of
23.00% and at M.P. of 11.03%. The behavior of the soil moisture
shows a direct relation with the rainfall (Table 1 ) . The production
of primary stalks was in the dry season (march-april) in all
varieties studied. So, % plant moisture reflects the effect of
rainfall and soil moisture: >rainfall and % soil moisture > %
plant moisture, which induce the accelerate growth of the cane and
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avoid its maturation. The plant height in all varieties did not
show significant differences between drainage spacing and varieties
at 10 months age of sugar cane (4.5-5.5 m) (Table 2 ) . Tge
temperature during this growht period was of 28-33°C and 19-24 C
(maximun and minimun, respectively), which is considered as the
optimun range for the development and nutrient absorption in sugar
cane (1) . Accumulation of dry matter and leaf area show high
relations between them, the varieties that exhibit the greatest
accumulation of both parameters are in the drainage spacing of 4 0
m. The growht analysis shows the same behavior in all varieties, so
GR (g/m/day) presents an accelerate growth from march-april (3
months age of sugar cane) , RGR fg/g/day) indicates from the same
months an intense meristematic activity which induce the production
of primary stalks. This rate is relationed with NAR (mg/cm /day),
where was observed >weight gain by leaf area unity during this
season. It is important to know this stage to apply the
fertilization in the adeguate date. % total sugars at 10 months age
of sugar cane fluctuate from 17-20%. This behavior might be
correlated with carbohydrates concentration and other climatic and
edhaphic factors. Further is neccesary confirm this suggestions
with the study the ratoon crops of sugar cane.
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General conditions favouring the rainfed cultivation of sugar
cane in the sierra de San Juan ecological reserve, Mexico
J. Lopez*, J.I. Bojórquez and C. Melo, Institute of Geography, Circuito Exterior,
Ciudad Universitaria, C.P. 04510, México, D.F.
Introduction. The Sierra de San Juan is a poligenetic volcanic complex located in the State of Nayarit,
towards the southeast of the city of Tepic. It is part of the Mexican Volcanic Belt and represents the
higher altitude in the area facing the Pacific Ocean; due to this fact, particular geographical conditions
are derived.
The Sierra de San Juan was formed during two main plioquaternary volcanic events. The first one was
risponsable of the formation of the Coatepec, Picachos and La Yerba volcanoes; the second one,
Pleistocene-Holocene, formed the San Juan, Cerro Alto and Las Cebadillas volcanoes (1). Plinian
eruptions, finally, modified the pre-existant landforms forming large footslopes to the northeast, now
intensely disected by streams leaving remnant surfaces resembling mesas and terraces.
During the early 50's sugar cane in the Matatipac Valley was introduced, reducing maize croplands; in
the late 60's sugar cane cultivation was extended to the slopes of the Sierra de San Juan, replacing
bean, maize barley, and even forested areas. Sugar cane cultivation has modified the traditional
agricultural systems all along the northeastern slopes of the area.
This study aims to recognize the edafoclimatic characteristics favouring the rainfed sugar cane
cultivation in the Sierra de San Juan area.
Methods and Materials. Sugar cane cultivation areas were identified through aerial
photointerpretation; geomorphological and soil units were also defined. A statistical analysis was
performed on the temperature and rainfall data of the meteorological stations surrounding the study
area. Fieldwork verification was carried out and information from producers was obtained to know the
management procedures.
Results and Discusion. Although some conditions favour sugar cane cultivation, other, restricting, can
be as well pointed out. Climatic conditions on the western slopes (mean temperature 18-22 and rainfall
higher than 1500 mm) are favourable, but the slope gradient is too high, thus dificulting the use of
machinery. In contrast the eastern slopes although showing limitations respecting rainfall (1200-1500
mm) are favoured by the temperature (18-22 C), lower slope gradient and particular soil properties,
such as a high water holding capacity.
The area cultivated with sugar cane is distributed between 980 and 1600 masl in the eastern slopes;
slopes are usually lower than 8 , although in some cases areas between 8 and 12 and even higher can be
found. In some cases sugar cane is cultivated on humid soils along valley bottoms
The varieties more commonly cultivated are: Mex 54-81 (rainfall requirements 800- 1200 mm, soils
from shallow to deep, narrow altimetric range from 900 to 1200 masl), Mex 57-473 (rainfall
requirements 1200- 1600 mm, altimetric range from 0 to 1300 masl) and L 60-14 (rainfall requirements
1500 to 1800 mm). Given the rainfall requirements the variety L 60-14 is the more restricted one, but
considering the high water holding capacity of the soils, this condition does not represent a serious
limiting factor.
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Soils in the study area are relatively young and are derived mainly from dacitic pumice, having andic
properties; their more relevant characteristics are their high water holding capacity and thixotropic
properties derived from the presence of amorphous materials and allophane, which are predominant in
the mineral fraction. An inconvenience is that, under very acid conditions these soils have a high
phosphorous fixation.
Due to the rainfall conditions the soil moisture regime is udic, since rainfall exceeds the volume of
evaporation, this satisfies the requirements for sugar cane cultivation.
Both climatic and soil conditions are important factors that have favoured rainfed sugar cane cultivation
in the Sierra de San Juan ecological reserve. Weathering of pumice parental material have formed soils
with andic characteristics, such as a high water holding capacity, which has replaced the need for
irrigation, the high porosity allows the develpoment of the sugar cane root system.
Literature Cited.
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FERTILIZER MANAGEMENT RESEARCH FOR SUGARCANE IN A
VERTISOL OF CHONTALPA, TABASCO, MEXICO

S. Salgado G.; R. Nunez E. and L. Bucio A. Soils Program, CEICADES,
Colegio de Postgraduados, 86500 Cardenas, Tabasco, México.
Introduction. Sugarcane is an important crop in Southern Mexico. For more than
15 years the fertilizer recommendation for this crop in Chontalpa, has been the
application of the treatment 120-60-60 (kg N, PoC^, K 2 0 ha" 1 ) in the form of
urea plus triple 17 (IMPA, 1986) regardless of crop variety, type of soil or
previous management. The low average commercial yield, which is of only about
65 tons per hectare with 8.5% sucrose, is due to some crop management
deficiencies, among which is the frequently delayed fertilizer application. The
objectives of this study were: (1) to evaluate the crop response to increasing
levels of N, P and K and their interactions, (2) to determine the influence of
delaying fertilizer application on crop yields; and (3) to compare the agronomic
efficiency of the traditionally used fertilizers, with other nutrient sources
available in the area.
Materials and Methods. The study consisted of three different field experiments, one for each of the above-defined objectives. The soil used is a
Vertisol of the Limón series, with heavy texture and deficient drainage; pH 6.6;
2.6% organic matter; 0.13% total N content; 15 ppm P Bray 1, and 0.27 me K per
100 g soil. The climate is tropical humid with mean annual temperature of 26°C
and mean annual rainfall of 2100 mm registered mainly from July to December.
Cane variety Mex 69-290 was planted in July-August 1991, in rows 1.3 m wide.
For the three experiments the treatments were replicated four times in complete
randomized block designs and the experimental unit consisted of six rows 10 m
long, of which the harvested area was eight meters of the four central rows.
The harvest was carried out 20 months after planting. The experiment designed
to reach the first objective consisted of 15 treatments in an incomplete
factorial Plan Puebla-1 design (Turrent, 1985) with four levels of each N, P and
K in the form of urea, TSP and KCI, plus a check. N rates ranged from 80 to
200 kg ha" ; P2O5 and K^O rates ranged from 0 to 120 kg ha" . The experiment
conducted to reach the second objective consisted of 18 treatments in a complete
factorial design with six fertilizer timings in three rates each (160-80-80,
120-60-60, and 80-40-40). Fertilizer application dates ranged from planting to
six months after planting. Urea, TSP and KCl were the fertilizers used. The
third experiment compared urea, ammonium sulphate and ammonium nitrate as N
sources, and TSP plus KCl vs. triple 17 as P and K sources, generating six
treatments tested at three rates, for a total of 18 treatment combinations.
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Results and Discussion. Crop response to NPK rates.- Unfertilized sugarcane
yielded 89.6 ton ha . There was a significant response to the three nutrient
elements, with a positive interaction N x P. The highest yield (158.2 ton ha" )
was reached with the treatment 160-80-80. Considering the nutrient content in
the harvested portion, 1.3 kg N, 0.36 kg P and 2.3 kg K are removed from the
soil in every ton of cane produced. Subtracting from the nutrient content of
the highest yield, that of the check treatment, we find a difference of 89 kg N,
25 kg P2O5 and 158 kg K^O coming from the fertilizer, which gives a fertilizer
efficiency of 55.6% for N, 31.2% for P and 197.5% for K. These values are
normal for N, high for P and unrealistically high for K. The explanation is
that being N the most limiting nutrient, its application enables the plant to
absorb from the soil reserves much higher amounts of P and K than the
unfertilized plant. These yields are much higher than those obtained in
commercial fields; therefore when the crop technology is improved to reach these
yields, careful attention should be paid to replenish the nutrients absorbed,
especially potassium, which may become yield limiting.
Response to time of fertilizer application.- The highest average yield of the
three rates tested (134.8 ton ha" ) was obtained when the P and K plus one half
of the N were applied at planting time and the remaining N three months later.
Delaying N application to six months after planting reduced mean yield to 124.1
ton ha" . Yield reduction with delayed N application was highest with the
lowest fertilizer rate. Total fertilizer application three months after planting
did not affect crop yields.
Response to NPK sources.- The six nutrient-source combinations tested were
equally effective to crop yield; therefore the decision to use a given fertilizer rests in prices and manageability. Use of TSP and KC1, being more
concentrated than triple 17, reduces transport and application costs. Fertilizer hygroscopicity is an important factor in this humid climate, ammonium
sulphate being the most manageable of the three N sources tested.
Literature Cited.
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Characterization of Soils Growing Chlorotic and NonChlorotic Sugarcane Plants
R.B. Somawanshi and V.S. Kumbhar. Soil Test Crop Response Correlation
Project, Department of Agricultural Chemistry and Soil Science, Mahatma
Phule Agricultural University, Rahuri 413 722, Maharashtra, India
I n t r o d u c t i o n : The iron c h l o r o s i s and i t s i n t r i c a c y in sugarcane i s
often seen under f i e l d c o n d i t i o n s where a few sugarcane p l a n t s are
green at one spot of a f i e l d whereas o t h e r s are severely c h l o r o t i c
over a d i s t a n c e of few meters in t h e same f i e l d . Several f a c t o r s
such as c l i m a t e , q u a l i t y and q u a n t i t y of lime, s a l i n i t y , temperat u r e , p l a n t t y p e , d i s e a s e s , heavy metals and t o x i c i t y of elements
induce and enhance c h l o r o s i s . The s o i l being t h e major c a u s a l
f a c t o r , e x h i b i t s i t s behaviour above surface in t h e form of c h l o r o t i c p l a n t s . The c h a r a c t e r i z a t i o n of c h l o r o s i s - p r o n e s o i l s i s
d i f f i c u l t because i t i s not r e l a t e d t o only one s i n g l e p r o p e r t y of
t h e c h l o r o s i s - p r o n e s o i l . There may be s e v e r a l f a c t o r s which
would c o l l e c t i v e l y induce sugarcane c h l o r o s i s . The c h a r a c t e r i z a t i o n of c h l o r o s i s - p r o n e s o i l becomes further complicated because of
t h e dynamic n a t u r e of c h l o r o s i s i . e . i t appears, d i s a p p e a r s and^
r e a p p e a r s in t h e same p l a n t . Our o b j e c t i v e was t o determine which
s o i l p r o p e r t i e s are dominant in causing iron c h l o r o s i s in sugarcane.
Material and Methods : F i f t y one sugarcane f i e l d s growing sugarcane
crop were s e l e c t e d comprising of 25 f i e l d s with c h l o r o t i c sugarcane
crop and 26 f i e l d s without any sign of c h l o r o s i s . The s o i l s from
c h l o r o s i s - p r o n e and c h l o r o s i s - r e s i s t a n t f i e l d s were c l e a r l y defined.
The average c h l o r o p h y l l c o n c e n t r a t i o n of c h l o r o t i c p l a n t and nonc h l o r o t i c p l a n t was 0.26 and 1.12 mg/g fresh leaf, r e s p e c t i v e l y .
Basic p r o p e r t i e s of t h e s e two groups of s o i l s were s t u d i e d . Availab l e mineral elements, d i f f e r e n t forms of s o i l i r o n v i z . , w a t e r s o l u b l e , exchangeable, o r g a n i c a l l y bound, t o t a l , DTPA-Fe, amorphous
iron oxide, t o t a l free iron oxide, two forms of l i m e - c a l c i t e and
magnesite, a v a i l a b l e Mn, Cu and Zn were determined. The s a t u r a t i o n
p a s t e e x t r a c t of s o i l s was analysed for soluble c a t i o n s and anions
(Table 1 ) . The p r o p e r t i e s of s o i l s from c h l o r o t i c and nonc h l o r o t i c sugarcane f i e l d s were compared.
R e s u l t s and Discussion : The l e a f c h l o r o p h y l l c o n c e n t r a t i o n , DTPAFe and Cu, and water soluble Ca were s i g n i f i c a n t l y higher in
c h l o r o s i s - r e s i s t a n t s o i l s than in c h l o r o s i s - p r o n e s o i l s . The Fe/Mn
r a t i o was narrow in c h l o r o s i s - p r o n e s o i l s but water soluble K was
s i g n i f i c a n t l y higher than c h l o r o s i s - r e s i s t a n t s o i l s . All t h e
c h l o r o s i s - p r o n e and c h l o r o s i s - r e s i s t a n t s o i l s were c a l c a r e o u s ,
c o n t a i n i n g CaCC>3 e q u i v a l e n t percentage from 2.01 t o 2 5 . 9 5 . The term
lime-induced c h l o r o s i s t h e r e f o r e needs t o be used with c a u t i o n .
Although t h e r e was a s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n between DTPAFe and c h l o r o p h y l l c o n c e n t r a t i o n of sugarcane l e a v e s , t h e DTPA-Fe
from c h l o r o s i s - p r o n e s o i l s and c h l o r o s i s - r e s i s t a n t s o i l s was above
t h e c r i t i c a l l i m i t s of Fe d e f i c i e n t s o i l s (Table 2 ) . Thus, higher
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Table 1. Properties of soils from chlorotic (CSF) and non-chlorotic
sugarcane fields (NCSF)
Sr .No.
Character
CSF NCSF • Sr .No .
Character
CSF NCSF
1 Chlorophyll
9 Amorphous Fe
mg/g fr.wt.
0.26 1.12
oxide (%)
0.10 0.23
2 Soil pH
7.68 7.60
10 Water sol.(ppm) 0.11 0.13
3 Soil EC(dS/m)
11 Exch. (ppm)
0.49 0.51
(1:2.5)
0.83 1.01
0.04 0.04
12 Org. bound (%)
4 DTPA-Mn (ppm)
7.44 7.31
13 Total free Fe
5 DTFA-Fe (ppm)
5.57 7.48
oxide (%)
0.29 0.39
1.52 1.49
6 DTPA-Fe/Mn ratio 0.74 1.02
14 Total Fe (%)
7 DTPA-Zn (ppm)
0.76 0.74
12.53 7.38
15 Calcite (%)
8 DTPA-Cu (ppm)
2.40 3.32
0.42 0.49
16 Magnesite (%)
Table 2.

Comparison of means of properties of chlorotic and nonchlorotic sugarcane field soils
•t' value
Sr.No.
Property
10.18**
1 Chlorophyll
2 DTPA-Fe
2.90**
3 DTPA-Cu
8.39**
4 Total free Fe oxides
2.31*
5 Soluble Ca in soil
2.64*
4.14**
6 Soluble K in soil
7 BTPA-Fe/Mn-ratio
2.17*
Table 3.

Coefficients of correlation among different properties oi
soils and leaf chlorophyll
.No.
'r' value
Property
0.48**
DTPA-Fe
1 Chlorophyll
vs
2 Chlorophyll
vs
Total Cu
-0.35*
3 Chlorophyll
vs
Soluble K
-0.32*
4 Chlorophyll
vs
Total lime
-0.16
5 DTPA-Fe
vs
Amorphous Fe oxides
0.53**
6 Calcite
vs
Amorphous Fe oxides
-0.55**
7 pH of soil
vs
Amorphous Fe oxides
-0.37**
8 Total free Fe oxides
vs
Amorphous Fe oxides
0.53**
9 Calcite
vs
Total free Fe oxides
-0.57**

or lower values of DTPA-Fe did not seem to be related to chlorosis
in sugarcane. There was a strong negative correlation between leafi
chlorophyll concentration and water soluble K of soils. Coefficients of correlation amongst different forms of lime, iron, salinity
constituents and leaf chlorophyll were computed (Table 3 ) . The
colour of soils was recorded usin,g Munsell Colour Chart. The soils
with vertic properties rarely induced chlorosis in sugarcane and
such soils had wider Ca/Mg ratio. The genetic control is also
related to the iron chlorosis but soil being the main cause, its
characterization is the challenge to the soil scientists.
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Application of the "Reference Area Method" in the
Caracterization of Waterloogged Soils (Cauto Valley,
Cuba) for Drainage Implementation
J. Herrera*, J.C. Favrot**, R. Bouzigues**, G. Cid*, M. Herrera***, J.
Paneque**. Institute de Investigaciones de Riego y Drenaje, Havana, Cuba*,
Laboratoire des Sciences du Sol, INRA, Montpellier, France**, Centro Nacional
de Suelos y Agroquimicas, Havana, Cuba.
I n t r o d u c t i o n . The implementation of a land drainage proyect in a natural
region needs a careful preliminary evaluation of land caracteristic and in this
sense, it's necesary the localization and caracterization of soils taken into
account the origen and effects of water excces. In response of this requirements
since 1970, in France, it has being aplying the so called
"reference area
method" wich main purpose is to provide pedological, tecnical and agronomical
datas for desining and using drainage networks (2).
M a t e r i a l s and M e t h o d s . The principles and bases of the methods were
discussed elsewere (3). The area selected for its aplication in Cuba, is located
at the Noreast part of the Cauto Valley, in the oriental portion of the isle. The
reference area have about 700 ha extension and it was considered representative
of about 10 000 ha in all the valley. The work was developed in three field
etapes and was comprised also the selection and carry out of experimental pilot
drainage area.
R e s u l t s and D i s c u s s i o n . Acording with the soil map 1: 25 000 of the area,
based in the 2th Cuban Soils Genetics Classification (4) in the the zone, was
recognaised one soil type (dark plastic) with two subtypes (grey gley and
yelloship grey). This clasification have in his clasification units the genera
and the species, but in the scale 1:25 000 they are not taken into account, and
for this reason the soil morfological features related with the level and/or
mineral composition of freatic water or by the prescence of indices coming from
ancient development estadios (genera) or those that reflect the soils properties
related with its agroproductive characteritics (species), and that are very
closed related with soil drainage requirements, there are not reflected in this
work scale. The aplication of the approach of the'reference area method" in the
field reconaissance survey permited the reconaissance in the problem area of
three main groups called: Group I Alomorphic Vertisol very hydromorphic, with
one cartographic unity; Group II Halomorphic Vertisol more or less hydromorphic
with three cartographic units and Group III Non Halomorphic Vertisol with one
cartographic unit. In these sense there was identificated five soils cartographic
units in function of its drainage requirements. These units may be equivalents
to the criteria of species in the Cuban genetics classification and the group are
closed to the genera. It was confectioned a soil drinage caracteristic map in a
scale 1:10 000 with the principal features for drainage desing in the region.
When it was sampled a 36 ha plot with the same criteria in a 1:2000 scale were
recognaized three of the five cartographic unit from the wole area. Each one of
these soils unity have the same drainage requirements and a comun way of work.
With the application of the approach of "the reference area method" it is
possible to reduce the field work scale with a minimun expenditure in areas where
there are a base information.
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The technical recomendations for the drainage measures expresed in the sintetic
map for each one of the series in the reference area were tested in the pilot
experimental plot during three years and the data obtained (1) confirmed the
aplicability of the "reference area method" in a tropical region for the study
of soil in a land drainage program.
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Use of Natural Zeolites to Increase Yields in Sugarcane
Crop Minimizing the Enviromental Pollution
L. Bouzo, M. Lopez, R. Villegas, E. Garcia and J. A. Acosta. Sugarcane
Research Institute, 19200 Ciudad Habana, Cuba.
Introduction. Enviromental issues relating to farming practices have come to the fore in
recent years. Some of the controversies concern fertilizer use and are directly or indirectly
related to nitrogen. Nitrogen fertilizer efficiency will be attained by addition to soil of a highly
selective exchanger for ammonium ions (1). Natural zeolites may play an important role in
achieving these goals.
Materials and Methods. Results from 6 field trials and from commercial demostration plots
on zeolite application in sugarcane were evaluated. The trials were carried out on Oxisols,
Entisols and Inceptisols soils, and included 16 crop harvests. Zeolite doses (particle size 0-5
mm) ranging from o to 30 t/ha and two different methods of application (material broadcasted
on soil and located at the bottom of furrow) were tested.
Results and Discussion. Zeolite effectiveness on sugarcane varied according to soil properties.
When the soil fertility and clay content increase higher zeolite doses to obtain positive effect on
sugarcane yield were required.
Sugarcane yield in plant cane was doubled and tripled with zeolite application located at the
bottom of furrow on Oxisols with doses of 3 and 6 t/ha respectively.
Zeolite application, broadcasted or located at the bottom of furrow on Entisols with doses of
7.5 t/ha increase 23.4% the yield in second ratoon (Table 1), whereas on Inceptisols a 44%
yield increase was recorded in first ratton when Zeolite was broadcasted at a rate of 20 t/ha.
Table 1. Response of zeolite application on sugarcane yield (Experimental plots. Second
ratoon. Entisols.)
Zeolite dose
t/ha
0.0
1.5
3.0
4.5
6.0
7.5
15.0

Pol

%
18.35
18.40
18.12
18.21
18.50
18.51
18.42

Cane
t/ha
58.0(c)
62.4(bc)
62.1(bc)
59.9(bc)
60.8(bc)
71.6(a)
67.0(ab)

( ) different characters differs significately
p<0.01
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When zeolite is added to the soil the active mineral fraction with high cation exchange capacity
increase and therefore the soil CEC is also increased. The beneficial effect on the plant is
related to the capacity of retention and adsorption of the fertilizer nutritive ions (K and
NH 4 + ), mantainance of an adecuate hidric regime, slow release properties and nutrient supply.
Greater availability or less nitrogen losses by the nitrification (Table 2) seems to be partiatly
responsible of the yield increase.
Table 2. Residual soil N after zeolite application
Months
after
application

Zeolite ( t/ha) + N (kg/ ha)
ppm

(0+0)

(0+50)

(3+25)

(6+25)

3

N-NH 4
N-N0 3
N-NH.N-NO,

27.72
26.18
53.90

26.95
31.57
58.58

32.30
90.86
123.20

41.58
116.27
157.85

5

N-NH 4
N-N0 3
N-NH 4 N-N0 3

23.10
15.41
38.51

19.25
16.17
35.42

18.48
16.17
34.65

42.35
18.49
70.48

7

N-NH 4
N-N0 3
N-NH.N-N03

30.03
11.55
41.58

23.87
13.09
36.96

35.12
12.32
47.74

30.03
12.32
42.35

The combined application of zeolite and nitrogen allowed to reduce 50% the doses of this
nutrient in Entisols and Inceptisols at least until second ratoon.
Zeolite seem to be efficient in reducing nitrate leaching, delaying its accumulation, main nitrogen ion that is loss by percolation in the soil. The application of 3 and 6 t/ha of zeolite produces a greater accumulation of mineral nitrogen comparing with the control which received a
doble N dose and no zeolite.
Natural zeolites have the capacity to retain NH4+ in channels that are inaccessible to the Nitrosomonas and Nitrobacter bacteria, so they could inhibit bacterial nitrification of NH* and thus
reduce the potential leaching and denitrification losses of the N fertilizer (2).
All results suggest that natural zeolites would increase yields in sugarcane crop, reduce the
need of nitrogen fertilizer, and minimize the environmental pollution.
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