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Abstract: An experiment was conducted to determine the effect of available water deficit at different growth
stages on the yield and crop water requirement of soybean. This research was conducted in a plastic greenhouse of
Agricultural Faculty, the University of Lampung from August to November, 2001. A factorial experiment was ar-
ranged in randomized block design with three replications. The period of available water deficit (S) was the first
factor with four different growth stages, namely: early vegetative phase (S1), advance vegetative phase (52), flow-
ering phase (S3), and pod filling to maturity phase (S4). Available water deficit (D) was the second factor with
four levels including: D2(20-40%), D3(40-60%), D4(60-80%), and D5(80-100%). The results showed soybean to
be sensitive to water stress especially at S3 and S4, and the critical water content of these stages was around 50%
of available water deficit or 0.26 m /m’(soil moisture suction was 120kPa). The values of water stress coeffisient
(Ks) of the soybean at S2, S3, and S4 were 0.55, 0.57, and 0.27 respectivelly. The values of yield response factor
(K) of S1, S2, S3, and S4 were 0.96, 0.42, 0.46, and 1.20 respectively. The water deficit at early vegetative (S1)
and pod filling to early maturing (S4) was sensitive to the relative decrease of yield. The damage caused by water
defict at early vegetative stage (S1) could recover by full irrigation (D1) after advance vegetative stage (S2).
However, even small water deficit during pod filling to early maturing stage (S4) could strongly damage the yield
of soybean. All the levels of water deficit (D1~D4) at pod filling to early maturing stage (S4) decreased yield
efficiency extremely, which means that the deficit irrigation applied after the pod filling stage could not be toler-

ated.
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1 Introduction

Soybean is a very important commodity in Indonesia, but
until now Indonesia can not produce sufficient soybean to
meet national consumption. According to Siswono (2004),
Indonesia now imports 1.3 million tons of soybeans to
meet 45% of national consumption, and has become the
highest soybean importing country in the world.

Soybean production by Indonesia in 2003 was 6.8 X
10°tons, with cropping land area of 5.3 X 10’ha, or 1.278
X 10’ton/ha. In the province of Lampung, soybean pro-
duction in 2003 was 3.97 X 10’ton from cropping area of
3.91X10’ha, or 1.02ton/ha (Statistical Bureau, 2003).
Usually, soybean is planted in paddy fields after the sec-
ond harvesting of the paddy rice at the end of rainy sea-
son. Soybean is planted at the end of rainy season and
grows through the dry season. Therefore, water availabili-
ty becomes a limiting factor of production, so that the
possibility of implementing deficit irrigation
method is inevitable. Generally, farmers keep the land
fallow after harvesting the paddy rice at the end of rainy
season, because they are not sure whether there will be
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enough water for growing secondary crop. By applying
deficit irrigation, there is a possibility to increase the
cropping area of the fallow land.

James(1988) stated that deficit irrigation is accom-
plished by allowing planned plant stress during one or
more periods of the growing season. Adequate water is
supplied during critical growth stages to maximize water
use efficiency (i.e., maximizing crop production per unit
of water applied). Also Kirda et al. (2002) stated that the
main objective of deficit irrigation is to increase the water
use efficiency (WUE) of a crop by eliminating irrigations
that have little impact on yield. The resulting yield reduc-
tion may be small compared to the benefits gained
through diverting the saved water to irrigate other crops.

For a full evaluation of the effect of limited water sup-
ply on yield, consideration must be given to the effect of
the limited water supply during the individual growth pe-
riods of crops. Where crops under consideration are very
sensitive to water supply deficits, scheduling of the supply
is based on meeting full crop water requirements. Where
crops under consideration are less sensitive to water defi-
cit and can be grown with acceptable yields without
meeting full water requirements, scheduling of the supply
is based on minimizing water deficits in the most sensitive
growth periods. During periods of unpredictable water
shortages within a season, adjustments of water schedul-
ing must be made in relation to the difference in yield re-
sponse to water deficits on the crops and their individual
growth periods (Doorenboss and Kassam, 1979). Accord-
ing to Doorenboss and Kassam (1979), in order to quanti-
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fy the effect of water stress, it is necessary to derive the
relationship between relative yield decrease and relative
evapotranspiration deficit given by the following equation.

M

where 1-Ya/Ym is relative yield decrease, Ya is actual
yield, Ym is maximum yield (under no stress condition),
1-ET4/ETm is relative evapotranspiration decrease, K, is
yield response factor, ET. is actual evapotranspiration,
and ET» is maximum evapotranspiration

The K, of soybean at the different periods of stress
were: 0.2, 0.8, and 1.0 under vegetative, flowering, and
pod formation phases, respectively. The K, of soybean for
the whole growing period under water deficit was 0.85
(Doorenboss and Kassam, 1979). According to Kirda et
al. (1999), the K, of soybean at vegetative, flowering, and
pod development and filling were 0.58, 1.13, and 1.76,
respectively. And according to Moutonnet (2000), the K,
of soybean were 0.2, 0.8, 1.0, and 0.85 under initial, crop
development, mid season, and over growing period of
growth stages, respectively.

According to the Doorenboss and Kassam (1979), for
the individual growth periods, the decrease in yield due to
water deficit is relatively small for the vegetative and rip-
ening period, and relatively large for the flowering and
pod formation periods.

Based on the above description, the research was con-
ducted with the objective to investigate the influence of
deficit irrigation at individual growth stages on yield of
soybean, so that the irrigation schedule for the indivudual
growth stages can be made to ensure optimum growth and
production of soybean.

2 Materials and Methods
This research was conducted in a plastic greenhouse lo-
cated in the experimental field of Lampung University
from August to October, 2001. The soybean cultivar used
was Willis. Soybeans were planted in black plastic con-
tainers and soil surface was covered with plastic mulch.
The soil type was Ultisol. This soil texture consisted of
0.25kg/kg of sand, 0.26kg/kg of silt, and 0.49kg/kg of
clay; and was classified as clayey soil. The bulk density
was 1.09g/cm’. Soil water content at field capacity
(34.7kPa) was 0.35m’/m’ and wilting point (1585kPa) was
0.17m’/m’. Total available water (T4AW) was 0.18m’/m’.
This research was conducted using a factorial experi-
ment in randomized complete block design with three
replications. The first factor of treatment (S) consisted of
four different growth stages:Sl-early vegetative stage,
S2-advance vegetative stage, S3-flowering stage, and
S4-pod filling to early maturity stages. The available
water deficit was the second factor (D) with five levels:
D1(0-20%), D2(20-40%), D3 (40-60%), D4 (60-80%),
and D5(80-100)%. For example, the water deficit level,
D2 meant that water was given to maintain the available
water depletion between 20 and 40% of TAW in the root

zone. When the maximum allowable depletion of avail-
able water got closed to 40% of TAW, water was applied
to bring back the available water depletion to the deficit
level of 20% of TAW.

Agronomic variables evaluated in this research were
yield (Y), and crop water requirement (CWR). Statistical
analysis was done using F-test at 5% significant levels,
followed by Least Significant Different (LSD) test at the
same level.

Soybean seeds were planted in black plastic containers
(10 liters volume), which had been filled with 10kg
air-dried soil. The role of black plastic container is as-
sumed to be similar to a weighing lysimeter that
hydrologically isolates soil surface from lateral inflow
/outflow. Five seeds were planted in each container, and
after one week only 2 plants were maintained until the
end of growth period. The soybean plants were sprayed
with insecticide to protect them from insect attack at least
twice in a month. The period of water stress was two
weeks, except S4, which period was 4 weeks. Total
growth period of soybean was 85 days. And two weeks
before harvesting, irrigation was stopped.

Transpiration (7, mm/d), which determined crop water
requirement, was measured by gravimetric method. Daily
transpiration (7) was calculated by the following formula:

=10 WD;i1—WD;

X — @
where WD: is the weight of container at day (i)(g), WDi-1
is the weight of container at day (i-1)(g), and A4c is the
area of the container (=487cm’).

Daily irrigation was done to maintain the soil moisture
at certain level of deficit irrigation as shown in Table 1.
The soil water condition for the whole growing season
was maintained at 0-20% of AW deficit (D1) or water
content between 0.31-0.35m’/m’, except for the water
stress period at certain growth stage as shown in Tables 1
and 2. In the water stress period of S1 to S4, the water
deficit treatments of D2 to DS were applied.

Table 1: The range of deficit irrigation treatment

Water Deficit level water content

( % of TAW) (m'/m)
D1 ( 0 - 20%) 0.350 - 0.314
D2 (20 - 40%) 0.314 - 0.278
D3 (40 - 60%) 0.278 - 0.242
D4 (60 - 80%) 0.242 - 0.206
D5 (80 -100%) 0.206 - 0.170

3 Results and Discussions

3.1 Crop Water Requirement

The influence of water deficit levels at individual growth
stages on the total crop water requirement (CWR) is
shown in Table 3. Numbers followed by the same letter
were not significantly different using LSD-test at 5% sig-
nificant level. Since plastic mulch was used to protect
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Table 2: The scheme of the water management according to soybean's growth stages

week 1 [ o [m]iv [vi [vo[vmn] x [ x [ xi [xn
growth early advance . pod .
. . flowering . maturing
stage vegetative | vegetative filling
S1 | D2~ D5 D1
available |S2 DI D2 ~ D5 Dl no
water [S3 D1 D2 ~ D5 D1 irrigation

deficit | S4 DI D2 ~ D5

evaporation, the crop water requirement (CWR) in this ex-
periment was equal to the total transpiration for the whole
growing period. CWR is an indicator of water stress expe-
rienced by the plants leading to poor performance.

It can be observed from this table that there was no
significant difference in CWR under the available water
deficit of D2 for all the growth stages, since the soil
moisture was more than the critical water content. How-
ever, there were significant differences in CWR for the
rest of the treatments especially at S3 and S4 under D3,
D4 and D5. Under the water deficit D3, soybean started to
experince the water stress severely during the S2, S3 and
S4 growth stages. Soybean was sensitive to water stress
especially at S3 and S4, and the critical water content of
these stages was around 50% of available water deficit or
computed as 0.35-0.5x(0.35-0.17)=0.26m’/m’ (120kPa). It
means that at S3 (flowering phase) and S4 (pod filling to
maturing phase), irrigation to maintain soil moisture con-
tent at 50% of available water deficit is tolerable, but
below this point will have an effect on the growth of soy-
bean. At S2, the fraction of water depletion "p" was
around 0.9 of available water deficit and the critical water
content was computed as 0.35-0.9x (0.35-0.17)=0.19m’/m’
(616kPa).

Table 3: The effect of available water deficit at different
growth stages on total the total CWR (mm)

AW Deficit Growth stage
level (%) S1 S2 S3 S4
D2 434.9 471.5 4472 [ 4299
(20-40%) abed a ab abed
D3 439.7 390.7
40-60%. b def

3.2 Transpiration

Evaporation from soil surface was prevented by the
mulching, hence the water loss from the pots was as-
sumed to be only the transpiration of soybean. Therefore,
the ETz and ET» in (1) could be substituted for 7a and
Tm, respectively.

Figure 1 shows the relation between 7a/Tm and the frac-
tion of water depletion "p". The value of Ta/Tm is the ratio
of the actual transpiration (7z) under available water defi-
cit to the maximum transpiration (7w) at each growth
stage, which is an indicator that the plant is in stress
condition. The value of Tua/Tm is corresponding to the

water stress coefficient proposed by Allen et al. (1998).

Acording to Allen (1998); ETcadj is the crop evapo-
transpiration under non standard condition (i.e. water
stress condition) and can be calculated by the formula:
ETcad=KsxETc, where Ks is water stress coefficient, and
ETc is evapotranspiration under standard condition.

In this case, ETcadj was substituted by 7a and E7c by
Tw. The Ks value at S2 at D5 was 7a/Tm=18.6/33.8=0.55
(see Table 5). S3 and S4 was in stress condition at D3.
By the same formula, the Ks values at S3 and S4 were
calculated as 0.57 and 0.27 respectivelly.

The value of "p" is the ratio of available water stored in
root zone to 7AW, which is an indicator of water deficit
level. For example, the value of "p" under the water man-
agement of D3(40-60%) treatment is 0.5.

Figure 1 shows that Tu/Tm values decreased with in-
creasing "p", with S3 and S4 declining sharply. S1 de-
creased until p=0.3 and increased to p=0.5 and then de-
creased slightly afterwards. On the other hand, S2 showed
a wave-like movement with a peak at p=0.3 and lowest at
p=0.5. It means that the water stress condition at flower-
ing (S3) and pod filling to maturity (S4) stages were too
strong to be tolerated due to the effect of high transpira-
tion rate.

0.0 0.2 04 0.6 0.8 1.0
The fraction of water depletion (p)

Figure 1: The effect of available water deficit at various
growth stages

3.3 Yield

The effect of available water deficit (D) at the various
growth stages (S) on yield is shown in Table 4. It could
be seen that there is no significant deference in yield of
S1 treatment for all the water deficit levels (D2~ D5).
Furthermore, the water deficit levels less than D5 during
S2 showed no significant difference in yield. The yield
under the water deficit of D2 and D3 during S3 and S4
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showed no significant difference but experienced water
stress under D4 and D5. It means that water stress at D3,
having available water depletion fraction or p=0.5, a
moisture was maintained at 40-60% of available water
deficit through the whole period, was favorable and there
had no effect to the yield.

Figure 2 shows the relation between (Ya/Ym) and the
fraction of water depletion "p". The value of (Ya/Ym) is
the ratio of the actual yield (Ya) gained under available
water deficit level of "p" to the maximum yield (Ym)
under no water stress condition, which is also an indicator
that the plant is in stress condition.

Beyond the water depletion p=0.5, the values of Ya/Ym
for the various growth stages decrease in the order
S4<S3<S2<8S1. It is clearly evident from these results that
water deficit level applied during pod filling to early ma-
turing phase affected the yield of soybean greatly.

Table 4: The effect of available water deficit at varous
growth stages on yield (g/pot)

AW Deficit Growth _stage
level (%) S1 S2 S3
D2 37.0 38.7 37.6
(20-40%) abc a ab
D3 35.7 30.9 31.0
(40-60%) abc abcde abcde
07} 33.9 32.1
(60-80%) abced abcde
D5 31.5
(80-100%) abcde

1.0 k- ram———
0.8

0.6
0.4

Ya/Ym

0.2

0.0 - .
0.0 0.5 1.0
The fraction of water depletion (p)

Figure 2: The effect of available water deficit at various
growth stages to the Ya/Ym

3.4 Yield response factor

The values of the yield response factor (X)) at individual
growth stages (S1~S4) that were calculated using equa-
tion (1) are shown in Table 5. The K, values are almost
the same for the individual growth stage, and the average
K, values are 0.96 at early vegetative (S1), 0.42 at ad-
vance vegetative (S2), 0.46 at flowering (S3), and 1.20 at
pod filling and early maturing (S4).

Figure 3 shows that the relationship between relative
yield decrease (1-Ya/Ym) and relative transpiration deficit
(1-TwTmw) is linear as assumed by Doorenboss and
Kassam (1979), and the gradient of yield factor line is
corresponding to the average K, values.

According to this result, the effect of water deficit at
S2 and S3 stages on the relative decrease of yield is
small, since K, values at S2 and S3 are smaller than 1,
which are 0.42 and 0.46, respectively. However, the water
deficit at early vegetative (S1) and pod filling to early
maturing (S4) was sensitive to the relative decrease of
yield due to high value of X, which is around 1.

3.5 Yield efficiency

Figure 4 shows the effect of available water deficit (D) at
individual growth stage (S) to the yield efficiency. Yield
efficiency (YE) is defined as the ratio of yield (g) of soy-
bean to the crop water requirement (g).

It can be observed that there is no significant difference
in YE values of S1. This implies that the damage caused
by water defict at early vegetative stage (S1) could
recover by full irrigation (D1) after advance vegetative

Table 5: The yield response factor of soybean

WD |Yield T
stage | (g) (mm)

1-Ya/Ym |1-Ta/Tm| Ky

S1 370] 6.2 0.04 0.05 [0.88
357 6.1 0.08 0.07 j1.11
339] 57 0.12 0.14 {0.89
31.5[ 5.3 0.19 0.19 1098
6.6* 0.96**
S2 38.7 33.9 0.00 0.30 —
30.0[ 25.2 0.20 048 [0.42
32.1] 216 0.17 0.56 ]0.31
25.8] 18.6 0.33 0.62 [0.54
33.9* 0.42%*
S3 37.6] 87.6 0.03 0.11 10.26
31.0|] 56.8 0.20 042 [0.47
27.8| 39.8 0.28 0.59 1047
19.6] 19.7 0.49 0.80 |0.62
98.2* 0.46**
S4 29.1 3352 0.25 0.16 |1.58
23.1] 262.4 0.40 034 |1.18
14.0{ 165.3 0.64 0.58 [1.09
10.3] 100.9 0.73 0.75 10.96
397.7* 1.20%**

Remark:
* The value of maximun transpiration of all the treatments
** The average K, value at each growth stage of water stress

1-Ta/Tm
1 0.8 0.6
|
- —.' -
T —.‘ -at?
I
e1ls A .
Re
P ] 0.6
), - ——S1:Ky=0.96
’ .7 =lel=S2: Ky=0.42
7 oo+ S3: Ky=0.46 — 0.8
e TO™ S4:Ky=1.20 |

Figure 3: Yield response to water deficit at the
different growth stages
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YE (g/g)

0.0020
0.0018
0.0016
0.0014
0.0012
0.0010
0.0008
0.0006

0.0004 [_, _
0.0002 . I
0.0000

03 0.5 0.7 0.9

The fraction of water depletion (p)

Figure 4: The relationship between the available water

deficit(p) and yield efficiency (g/g)

stage (S2). However, all the levels of water deficit (D1~
D4) at pod filling to early maturing stage &4 decreased
YE extremely, indicating that the deficit irrigation applied
after the pod filling stage was not effective.

4 Conclusion

L.

3.

Soybean is sensitive to water stress especially at flow-
ering to early maturing stage (S3~S4), and the criti-
cal water content at these stages was around 50% of
available water deficit or 0.26 m’/m’. The critical
water content at advance vegetative stage (S2) was
0.19 m’/m’.

Since the water deficit level during pod filling to early
maturing stage (S4) was low, it affected the yield of
soybean strongly.

The values of yield response factor (K,) of S1, S2, S3,
and S4 were 0.96, 0.42, 0.46 and 1.20 respectively.

4. The water deficit at early vegetative (S1) and pod

filling to early maturing (S4) influenced the relative
decrease of yield.

. The damage caused by water defict at early vegetative

stage (S1) could be recovered by full irrigation (D1)
after advance vegetative stage (S2).

6. All the levels of water deficit (D1~D4) at pod filling
to early maturing stage (S4) decreased yield efficiency
extremely, which means that the deficit irrigation ap-
plied after the pod filling stage could not be tolerated.
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