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Abstract

Results of a field experiment on the effects of two irrigation treatments and rain-fed
on yield and crop water use of groundnut is presented in this paper. Yield of
groundnut (3.1 t. ha"1 and 3.2 t. ha"1 respectively) show good response to both
irrigation treatments when earlier flowering stage coincide with a dry period. Data on
changes in soil water content with time, measured by a neutron moisture gauge was
used to estimate crop water use/crop evapotranspiration using a water balance
approach in the presence of a zero flux plane. The low water use of groundnut (64.5
mm) grown in the rain-fed plot when compared to both in the irrigated plots-(124.5
mm and 152 mm respectively) during a dry period resulted in a low yield of 1.9 t. ha"
1. In the rain-fed plot, from early flowering to the start of pod setting stage, the soil at
20 cm depth constantly dry, as indicated by a continuously decreasing value of the
hydraulic head value to < -70 kPa. With the yield response factor ky for flowering
stage being 0.74, the decrease in groundnut yield due to water deficit during flowering
stage is relatively large.

Introduction

In Malaysia, groundnuts are mostly raised as a rain-fed crop under various soil
environment. Although the total amount of rain is more than sufficient for rain-fed
agriculture, a 10- to 20-day drought often occurs during the cropping season owing to
the duration and distribution of rainfall not being uniform [1]. Moreover, because
Malaysian soils typically have a low capacity for retaining water which causes rapid
drying of the soil surface during the dry season, an internal water deficit is induced in
shallow rooting annual crops like groundnut which affect their growth. Therefore,
rainfall patterns within each cropping season may account for variations in yield
obtained from season to season. It has been reported that water deficit affects
groundnut growth causing large decrease in yield [2,3,4]. However, the magnitude of
yield response to water deficit depends on the stage of crop growth. Hence, the
objective of this study was to determine the yield response and water use of groundnut
to irrigation treatments compared with rainfed treatment during a dry period.
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Materials and Methods

A field plot experiment was conducted on a Serdang colluvial soil. The experimental
area was divided into three 18 m x 30 m plots for rainfed and irrigated treatments.
Seeds of a new groundnut variety MKT1 were sown at a spacing of 45 x 30 cm. Three
treatments were applied : A was rainfed as a control, B was an irrigated treatment
based on 7-day intervals and C was an irrigated treatment based on the 20 cm depth
tensiometer reading -30 kPa or less. The soil water content in the 100-cm soil profile
was measured before and after each irrigation using a Troxler neutron moisture gauge
model 4300. Prior to flowering stage, the hydraulic head of the soil water was
measured with the tensiometers twice a week and daily measurements after flowering
stage. Class A pan evaporation, rainfall and wind speed were recorded daily, to
estimate ETo using Pan Evaporation Method [5]. Crop coefficient (Kc) values for the
initial, mid -season and late season stages were obtained. A Water balance approach
with the presence of a zero flux plane was used to evaluate crop
evapotranspiration/crop water use for each treatment. Dry pod weight yields were
measured from plants harvested at maturity from an area of 16m2 from each plot.

Results and Discussion

The yields obtained with irrigation treatment B and C applied during flowering stage
were 3.1 and 3.2 t.ha"1, respectively (Figure 1). A total application of 50.7 mm of
water for treatment B with water applied during flowering stage did not increase the
yield over that for treatment C with an application of only 38.8 mm of water.
However, the yields obtained from both irrigated treatments were nearly double the
1.92 t.ha'1 yield attained in the rainfed plot. These data indicated that groundnut
variety MKT1 is responsive to irrigation.
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Figure 1 : Yield Response of Groundnut to Irrigation Applied
During Flowering Stage

The crop water use/crop evapotranspiration estimates and precipitation values for
every 10 days during the growing period of groundnut is presented in Figure 2. The
crop received a total amount of rain equal to 752 mm over a 105 day growing period.
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In general, rainfall exceeded crop evapotranspiration. However, the month of August
was relatively dry with only 38 mm of rainfall, an average of 1.22 mm day"1. Hence,
during this limited rainfall period which coincided with flowering stage (30 - 60 days
after planting (DAP)) evapotranspiration demand exceeded rainfall. Rainfed crops at
this stage were exposed to water stress and water deficit developed in the plant.
Irrigation water was applied during this period to the irrigated plots, the total
application being 50.7 mm and 38.8 mm for treatments B and C respectively. A plane
of zero flux existed at 30 to 80 cm soil depth in all plot over this period. Crop water
use/evapotranspiration was calculated using a water balance approach with the
presence of the zero plane flux. An example of the calculation is shown in Table
l.The average evapotranspiration during flowering stage were 5.06 mm day-1, 4.15
mm day-1 and 2.15 mm day-1 for Irrigation treatment C, treatment B and rainfed
respectively. Irrigation treatment C gave the highest evapotranspiration of 152 mm
whereas that for teatment B was 124.5 mm for a period of 30 days during the
flowering stage. The evapotranspiration was low (64.5 mm) in the rainfed plot.
Clearly the low water use of groundnut at flowering stage under rainfed condition
resulted in low yield as shown in Figure 1.
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Figure 2 : Precipitation and Evapotranspiration Profiles During the

Growing Period

Figure 3 shows hydraulic head versus time from 30 DAP to 60 DAP for all three
treatments. Observations of hydraulic head at 20 cm depth as a function of time reveal
that irrigation relieved the soil from being continuously dry. In contrast, the soil at 20
cm depth in the rainfed plot becomes much drier before each rain as indicated by
values of the hydraulic head eventually reaching -70 kPa.
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Table 1. Evapotranspiration in the presence of the plane of zero flux for selected plot during flowering stage

Days after
planting

33

35

38

» 43

47

50

52

54

Plane of zero
flux depth

(cm)

30

40

50

40

50

50

60

60

Period

Days after
planting

30-35

33-38

36-40

40-47

43-50

47-52

50-55

51-56

Change in
storage

(mm)

-7.9

-10.1

6.4

-18.6

-7.9

8.0

12.4

15.2

Precipitation

(mm)

0.5

11.7

11.2

1.0

5.7

6.4

97.8

96.1

Irrigation

(mm)

-

8.4

8.4

-

18.4

18.4

9.2

-

Total Evapotranspiration

Average

Evapotranspiration

Total (mm)

7.7

14.0

15.3

14.8

12.0

22.3

35.1

121.2 mm

5.8 mm.day"1
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Figure 3: Hydraulic Head Proflles at 20 cm and 40 cm depths
for Rainfed, Irrigation Treatments B and C

The generalized effect of water deficit on yield for the flowering stage in the
experiment is shown in figure 4. The value of the yield response factor ky is 0.74,
comparable with 0.8 reported for groundnut at the flowering stage [6]. The value
indicates that the decrease in yield owing to water deficit during flowering stage is
relatively large, i.e a 50% deficit in relative evapotranspiration will cause a 40%
decrease in yield.
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Figure 4 : Relationship between Relative Yield Decrease (1- Ya/Ym) and
Relative Evapotranspiration Deficit (1 - ETa/ETm) for Groundnut at Flowering
Stage
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The results of this investigation indicated that groundnut responds to irrigation
applied at flowering stage during a dry period to produce a high yield. Total crop
water requirement at flowering stage is between 120 - 130 mm. A water deficit during
flowering stage reduced the pod yield of groundnut by 40 % with 50 % deficit in
evapotranspiration. Therefore for groundnut grown under supplemental irrigation the
water application must be programmed so that sufficient water is available in the soil
particulary during the flowering stage. Alternatively, with appropriate meteorological
records, sowing time could be adjusted so that the flowering stage did not coincide
with a normally dry period.
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