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Water Use, Soil Water Relations and Yield of Cowpea
Under a Minor Irrigation Tank
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ABSTRACT.  Avice field area under a minor irrigation tank in the south
eastern dry zone of Sri Lanka was studied with the ohjective of investigating
the feasibility of growing an inter-seasonal crop using residual moisture.
Three soil management practices were assessed for profile soil moisture
variation, water use by the crop, yield and dry matter production.

After harvesting the rice crop, the moisture content of the top soil layer
showed a rapid decrease in comparison to the deeper layers. The soil
moisture content of the top soil layer was not sufficient for the successful
germination of seeds. With an initial irrigation to assist germination, the
result of this study indicate that the plants could survive and produce an
economic yield by making use of the residual moisture in the rice fields. The
apparent moisture requirement of cowpea was 175mm and the estimated
water requirement was 288mm. The ground water contribution was also
estimated to be about 30mm for the growing season.

An average yield of 2.14 mt/ha was obtained under the no till and
straw mulched treatments. This was higher than the yields obtained under

irrigated conditions (1.8 kg/ha). However, the surface tilled treatment

produced a considerably lower yield in comparison to the above treatments.

The study demonstrates the potential for growing an inter-seasonal
crop using residual soil moisture under a minor irrigation tank. However, it
is necessary to study the market and other social constraints limiting such
practices before further recommendations can be made.
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The economy of Sri Lanka is predominantly based on agriculture.
The largest part of the country, 2/3 of the total land area, is confined to the
dry zone. The major agricultural crop grown in this area is lowland rice.

The rainfall pattern in the dry zone exhibits a bimodal pattern with the
major rainy season from late September to mid January (Maha season) with
an average rainfall amount of 930mm and a minor season from March
through May (Yala season) with rainfall amount of 380mm. There are 8000
to 10000 active minor irrigation tanks in the dry zone with a total command
area of about 104,200 ha of rice land (Fernando er al., 1982).

The predominant soil type in the dry zone is Alfisols (Rhodostalf) with
low humic gleys in the valley bottoms. If there is no scarcity of water, these
alfisols are the most potential soils for the agricultural development in the
country (Panabokke, 1958; Moorman and Breeman, 1978). The soil
properties change with the associated drainage characteristics in the catenary

sequence of the undulating plains with some rolling portions. Most of the’

poorly drained and imperfectly drained tracts are cultivated to rice while the
well drained portion is about 10-15% of the total paddy tract.

Need for research

It is evident that during most parts of the year, rice lands in the dry

zone remain idle because of insufficiency of water for rice cultivation.
However, there is a potential for growing other field crops (OFC) using the

residual moisture in rice fields.

The unique capacity of the legumes to derive a considerable propofﬁbn
of their nitrogen requirement from the atmosphere and to enrich the soil is

well documented. Having a shorter life cycle and being a cheap source of.

proteins are the other advantages of grain legumes, when compared among
OFCs . Grain legumes have been successfully cultivated between the two
major seasons using residual moisture in the dry zone (Slkurajapathl and
Jayawardena, 1987; Department of Agriculture, 1989; Jayawardena, 1990).
However, these studies were mainly concerned about the agronomic and
economic aspects of the problem. The interactions between irrigation
schedules, soil plant water relations, and crop evaporation in relation to the
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dry matter yield are poorly undefstood for most of the grain legumes (Balyan
and Malik, 1979; Wein ¢t al., 1979).

Objectives of the study
This study was undertaken to assess the

i. possibility of growing cowpea as an interseasonal crop in paddy fields,
using residual soil moisture,

ii.  variations of soil moisture profile during the period,
iii.  depletion of ground water table during the period, and

iv.  effects of soil surfuce treatments on moisture retention of soil and on
crop yield.

MATERIALS AND METHODS

The study was conducted in the south eastern dry zone (DL4) during
the period of February to April in 1992. A suitable site situated 750m
downstream of a minor irrigation tank was selected in the Bata Atta farm in
the vicinity of Angunakolapelessa Research Station.

The experimental design was a randomized complete block with four
replications. The plot size was 8 x 5 m surrounded by a 30 x 30 cm ridge.
The study consisted of the following treatments.

T1 = No till (Fallow)

T2 = No till + Straw mulch (4 mt/ha)
T3 = Surface tilled (5-8 cm depth)

T4 = No till + cowpea

TS = No till + Straw mulch + cowpea
T6 = Surface tilled + cowpea

Plots were prepared and following the planting of cowpea (variety M1
35) seeds, an initial watering was done to assist seed germination since the
moisture content of the surface layer was found to be inadequate. Soil
moisture was monitored by gravimetric determination in S day intervals at
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0-25 cm, 25-50 cm, S50-75 cm and 75-100 cm depths. Water table was
monitored using 5.0 cm diameter piezometer tubes installed to a depth of 2
m.

_ Direct measurement of evapotranspiration at early pod filling stage, was

done under field conditions-using 3 small weighing type lysimeters (plastic
buckets) buried in the ground by obtaining the daily difference in weight
under favourable water regime.

Meteorological data available at the Angunakolapelessa Research Station
were used to estimate the reference crop evapotranspiration by the Modified
Penman method (Doorenbos and Pruitte, 1977). Analysis of variance was
performed on the parameters measured and comparisons between treatment
means were made using Duncan’s Multiple Range Test (DMRT).

RESULTS AND DISCUSSION
Variation of soil moisture profile

During the period of crop growth showed a rapid decrease in soil
moisture in the first 25 cm though the initial moisture level was high 27-28%
(Figure 1). Thus the moisture content in the top layer may not be sufficient
for the germination of sceds. The soil surface tilled to a depth of 5-8 cm
initially showed a high moisture level in the 25-50 cm layer during the first
few weeks, but the rate of decrease was higher compared to the straw
mulched treatment (Figures 2 and 3). The moisture contents of 50-75cm and
75-100cm layers did not show appreciable variations when compared to the
top layers even in cultivated plots (Figures 4, 5 and 6). This may be due to
the moisture contribution from the shallow water table.

Water use and evapotranspiration of cowpea

" The cumulative water use by the different treatments during the
growing period is presented in Table 1. These values were obtained by
summing the difference in moisture contents (mm) between selected time
periods. Since a contribution from ground water table is a possibility, this
may not be a reliable estimate. The water use by no till, straw mulched. and
surface tilled treatments are about 163mm, 183mm and 180mm respectively,
average apparent moisture requirement is about 175mm.

32




0.5

Tropical Agricultural Research Vol. 5§ 1993

Moistus. -
N\
N
§=8
— §g:8>u~=9_——-0—
'—"§—l . __o:___ e e
-— W wm on \—=—--—.-_-- R e o s
f ~ T T o \1§—,— 7

0 10 20 30 40 50 60 70 '80

Days of the season

~8-00-25cm -8~ 25-50cm —O— 50-75cm =D-75- 100cm
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Figure 2. Moisture profiles in no till + cowpea plots
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Figure 4. Moisture profile in surface tilled + cowpea plots
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Table 1. Water use (mm) throughout the growing season (00-100 cm
soil depth).

Time No. No Straw Surface Notil Straw Surface
period of till. tillage + + til. +
days COW. COW. cowpea

04/3-8/3 4 10.1 119 077 071 050 03.8
‘ *13.5  *13.5 *13.5

08/3-19/3 11 . 368 324 293 532 66.8 27.8

19/3-29/3 10 039 o01.2 128 11.0 17.2 250
' *00.7 *00.7 *00.7

29/3-2/4 4 136 085 105 043 147 264
02/4-8/4 6 045 -036 -03.8 09.6 -02.5 04.1
08/4-16/4 8 542 443 569 525 489 377

16/4-25/4 8 208 356 159 10.6 184 415

Total 51 143.9 130.3 129.3 162.5 182.4 179.8

* water added as irrigation

The comparison of water use for each treatment was obtained as
follows. -

Water use by Water use by Water use by
cowpea in = no til  + - no till plots
no till plots -cowpea plots

The water use by crops under no till, straw mulched and surface tilled
conditions are 19mm, 52mm and S1mm respectively.
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_Lysimeters measurements showed a peak daily evapotranspiration of
cowpea during early pod filling stage and averaged to be about 8mm (Table
2). ‘

Table 2. Evapotranspiration rate of cowpea (mm/day) measured by
small lysimeter tests (average of 3 lysimeters).

Date mm/day
07/04/92 1.7
08/04/92 , 7.9
10/04/92 7.9
11/04/92 8.4
12/04/92 8.3
14/04/92 8.3
15/04/92 8.1
16/04/92 7.8
17/04/92 6.7
X 7.9

The reference crop evapotranspiration for the months February, March
and April calculated by the modified Penman method were 5.73, 6.8 and
6.52mm per day respectively. Thus the estimated water use by cowpea was
about 302mm for the entire growing season. Considering the period given
in Table 1. The crop water use by cowpea for the period given in Table 1
is about 288mm which seems to considerably high. This may be due to the

. use of assumed crop coefficients.

The estimated ground water contribution using soil moisture balance
during the crop growth period was 30mm.

- Grain yield and dry matter production

Grain yield of cowpea in no till and mulched treatments were
significantly higher (2.1 mt/ha) than that of surface tilled (1.1 mt/ha)
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treatments (P <0.01). Comparing with average grain yield (1.8 mt/ha) of
variety MI 35 under irrigated conditions (Department of Agriculture, 1993),
the grain yields obtained’ uridei experimental conditions with a single
irrigation for seed germination have exceeded the irrigated yield for no till
and straw mulched treatments. Stover yield and total dry matter production
also showed similar results (Table 3). Incomplete utilization of nitrogenous
fertilizer applied in the dry soil surface of tilled plots may have resulted in
a lower yield.

Table 3. Effect of some soil management practices on grain yield,
stover yield and total dry matter production.

Treatment Grain yield Stover yield Total dry matter
mt/ha mt/ha production
mt/ha '
No till 2.10a 363 a 6.6la
Straw mulched 2.17 a 4.04 a 7.16 a
Surface tilled 1.09 b 2.80b 435b
LsD 0.780 T 0.883 1.79

In a column, means followed by a common letter are not significantly
different at 5% level by DMRT.

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations can be drawn from the
results of this study.

The moisture content in the topmost soil layer may not be sufficient for
the germination of cowpea. However, with a single supplemental irrigation
cowpea can be successfully grown using the residual moisture following the
harvesting of the rice crop. It is fécommended to plant the inter-seasonal
crop immediately after harvesting the rice crop. It is also necessary to study
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the feasibility of providing at least one supplementary irrigation using the
leftover storage of the reservoir.

The observed moisture consumption by plants ranged from 163-183mm
with different treatments. The disparity between the observed consumption
values and that estirated using climatological data (302mm) illustrates the
need to establish appropriate crop coefficients for local conditions.

Mulching with straw produced the highest grain yield of cowpea while
surface tilled soil produced the lowest yield. This shows that surface tilling
may cause incomplete utilization of nitrogen and added fertilizer due to
reduced moisture content.

The study has demonstrated the potential for growing an inter-seasonal
crop using residual soil moisture under a minor irrigation tank. However, it
is necessary to study the market and other social constraints limiting such
practices before furhter recommendations can be made.
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