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Effect of Water Deficit Stress on Yield Performances

in Wet Seeded Rice

S Parveen', E Humphreys? and M Ahmed?

ABSTRACT

Worldwide fresh water scarcity and labour unavailability in agriculture are driving researchers and farmers
to find management strategies that will increase water productivity and reduce labour requirement. Wet
seeding instead of transplanting rice greatly reduces the labour requirement for crop establishment,
while use of alternate wetting and drying (AWD) instead of continuous flooding reduces irrigation input.
However, the safe threshold for irrigating wet seeded rice (WSR) at different crop stages has not been
investigated. Therefore, experiment was conducted to determine the effects of different degrees of water
stress during different crop growth stages on yield performance of WSR. This was done in greenhouse
experiment in the 2011 wet season 2011 at the International Rice Research Institute, Los Bafios, Philippines.
In the experiment, water stresses were applied by withholding irrigation until soil water tension increased
to 10, 20 or 40 kPa (kilo pascal) at 10 cm below the soil surface. Soil water tension was measured using
30 cm long guage tensiometer installed with the center of the ceramic cup. The stresses were applied
during three crop stages: 3-leaf (3L) to panicle initiation (PI), PI to flowering (FL), and FL to physiological
maturity (PM). The experiment also included a continuously flooded (CF) treatment. The number of
drying events ranged from 8-12 during 3L-PI, 6-10 during PI-FL and 6-10 during FL-PM. There was a
consistent trend for a decline in the number of irrigations and irrigation input with increasing irrigation
threshold, and thresholds of 20 and 40 kPa resulted in significantly lower input than with CF. There were
consistent trends for lower grain yield as the level of water deficit stress increased, and imposition of
stresses of 20 and 40 kPa at any or all three stages significantly reduced grain yield compared with CF.
There was a trend for the reduction in grain yield to be greater when the stresses were imposed at all three
stages compared with a single stage, but the differences were not significant. There was a consistent trend
for irrigation water productivity (WPi) to decrease as the irrigation threshold increased, with significantly
lower values for a 40 kPa threshold at any stage, in comparison with CF. This was because the decline in
water input to the pots was less than the decline in yield as the threshold increased. The results suggest
that the optimum threshold for irrigation of WSR is 10 kPa during the vegetative and grain filling stages,
and that the soil should be kept at close to saturation during PI-FL.
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INTRODUCTION

In most of Asia, irrigated rice is manually
transplanted into puddled soil, and the fields
are continuously flooded for most of the season
until shortly before harvest. However, peak
period labour scarcity has greatly increased
the cost of transplanting and often results in
delayed crop establishment. Therefore, there is
a growing interest in direct seeded rice because
of its low labour requirement. There are three
basic forms of direct seeding - water seeding,
dry seeding and wet seeding (Kumar and

Ladha, 2011). Wet seeding involves puddling
of the soil prior to sowing pre-germinated
seed by manual broadcasting or line seeding
(using a manually pulled drum seeder, Rashid
et al., 2009) onto the saturated soil surface. Like
irrigated, puddled transplanted rice (PTR),
wet seeded rice (WSR) requires large amounts
of water for puddling and to keep the field
continuously flooded after establishment.
Furthermore, WSR may require more irrigation
water than PTR as it takes for longer time in the
main field (Cabangon et al., 2002). Assuming
the increasing scarcity of water for agriculture
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together with the need to increase production
to feed growing populations, there has been a
lot of effort to identify methods for reducing
irrigation water input to rice while maintaining
yield (Guerra et al., 1998; Bouman et al., 2005;
Humphreys et al., 2010). However, lowland rice
varieties are highly sensitive to soil drying, with
yields generally declining once the soil starts to
dry below saturation. In their review, Bouman
and Tuong (2001) found yield reductions of
0-12% when the soil was kept at saturation
instead of flooded, and of 10-40% when soil
tension in the root zone was allowed to increase
to 10 to 30 kPa. However, safe alternate wetting
and drying (AWD) water management has
proven to be a successful and practical means
of reducing irrigation input to PTR by 10-40%
while maintaining yield (Bouman and Tuong,
2001). With safe AWD, the field is flooded to a
shallow depth (~5 cm) for about two weeks after
transplanting, after which irrigation is managed
to ensure that the soil water tension at 15 cm
depth does not exceed about 10 kPa. The same
threshold is applied throughout the duration of
the crop, except during the heading/flowering
period when keeping the soil saturated/
flooded is recommended (Bouman et al., 2005).
While a threshold of 10 kPa is safe in a range
of soil types, there are situations where higher
thresholds of 20 to 60 kPa throughout the
season did not cause a loss of yield (eg Kukal
et al., 2005; Bueno et al., 2010; Sudhir-Yadav et
al., 2011). The safe threshold depends on many
factors including genotype, soil type, frequency
of drying events, evaporative demand, and
growth stage.

The effect of water deficit stress at different
crop stages has been the subject of many drought
studies, primarily targeted at rainfed, lowland
rice. These studies typically involved imposing
high levels of water deficit stress by withholding
irrigation for many days until the crop was
stressed to the degree of complete leaf rolling
(soil tension in excess of 500 kPa, Wopereis
et al., 1996), or until there was significant leaf
death. This was then followed by well-watered
conditions to maturity. These studies showed
that periods of drought delayed phenological
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development, but much more so (by up to
about three weeks) when the stress was applied
during the vegetative phase (Woopereis et al.,
1996; Castillo et al., 2006; Davatgar et al., 2009).
In these studies, applying stress during the
reproductive stage (panicle initiation, booting,
flowering) was more detrimental to grain
yield than applying stress during the early
vegetative stage, while applying the stress
during mid tillering was also detrimental.
However, while it is generally agreed that the
period during anthesis is especially sensitive
to drought stress, the review of Bouman
and Tuong (2001) found no systematic trend
for greater yield reduction when drought
was imposed in certain development stages
compared with other developmental stages.
The results of De Datta et al, (1973) (in Bouman
et al., 2001) showed that different cultivars had
different responses to drought stress timing
and intensity. With soil drying to 50 kPa, some
cultivars showed more yield reduction with
drought imposed during the vegetative stage
than in the reproductive stage, some showed
the reverse and some showed higher yields
with drought in the vegetative stage than in the
well-watered control.

In irrigated rice culture, the usual goal of
water saving irrigation management is to avoid
stressing the crop to the degree that yield is
reduced, while minimizing irrigation input. The
degree to which the soil can be allowed to dry
during different crop phases without affecting
yield, and whether there is a cumulative effect of
low levels of water deficit stress across all crop
stages are not well understood. Furthermore, in
contrast with the situation for transplanted rice,
reports on the response of WSR to soil drying
below saturation are lacking. Therefore, the
objectives of the study were: to understand the
effect of threshold level on number and amount
of irrigation and effect of water stress on yield
and yield components.

MATERIALS AND METHODS

The research was carried out in the greenhouse
at the International Rice Research Institute



(IRRI), Los Bafios, Philippines (14°11'N,
121°15’E), from July to November 2011. Rice
was grown on a silty clay loam soil (28% sand,
34% silt, 39% clay) in 20 cm diameter, 25 cm
high polyvinyl chloride pots. Bulk soil was
obtained from the IRRI experimental station,
homogenized well with water and added to the
pots to a depth of 20 cm. The soil was re-puddled
using an electrical stirrer before wet seeding.
The soil was slightly acidic, with medium levels
of organic C, available P, exchangeable Ca and
K, and total N (Table 1).

The experiment was designed to evaluate
the effects of different levels of water stress
at different growth stages. There were three
levels of water stress (10, 20 and 40 kPa soil
water tension) applied at one of three growth
stages: 3 leaf (3L) to panicle initiation (PI), PI
to flowering (FL), and FL to physiological
maturity (PM) (Table 2). In addition there was
a control treatment, which was continuously
flooded (CF), and three treatments, which had
stresses of 10, 20 or 40 kPa during all the three
stages. Thus, there were 13 water management
treatments in a randomized complete block
design.

Implementation of CF involved topping
the pots up daily to a pond water depth of 2 to
3 cm. For the stress treatments, irrigation was
applied whenever soil water tension increased
to the threshold value (10, 20 or 40 kPa), with
water added in two doses, topping up to a
depth of 2 cm each time, to ensure that the
soil was fully saturated to depth. Soil tension
was measured using 30-cm long tensiometers
installed in 4 replicate pots of each treatment.
The tensiometers were installed 4 cm to the
side of the centre of the plant rows, and the
middle of the ceramic cup was 10 cm below
the soil surface. All pots of a given treatment
were irrigated when the average of the four
monitored pots reached the threshold value.
All pots were kept continuously flooded at all

Table 2. Water management treatments.

Irrigation threshold during each crop

Treatment stage® (kPa)
3Lto PI PIto FL FL to PM

CF-CF-CF CF CF CF
10-CF-CF 10 CF CF
20-CF-CF 20 CF CF
40-CF-CF 40 CF CF
CF-20-CF CF 20 CF
CF-40-CF CF 40 CF
CF-CF-10 CF CF 10
CF-CF-40 CF CF 40
10-10-10 10 10 10
20-20-20 20 20 20
40-40-40 40 40 40

BL=3 leaf stage, Pl=panicle initiation, FL=flowering,
PM=physiological maturity, CF=continuously flooded.

stages other than during the stage when the 10,
20 or 40 kPa stresses were being applied.

After the final puddling, the soil was
allowed to settle for 1 d. A solution of 27 ml
of fertilizer containing muriate of potash,
diammonium phosphate and zinc sulphate was
poured onto the soil surface 24 h before seeding,
giving a basal fertilizer application rate of 40
kg K,O ha’, 41 kg P,0, ha', 30 kg N ha™ and 5
kg Zn ha. Urea was top-dressed at maximum
tillering, PI and heading at 50, 50 and 30 kg N
ha’, respectively, and muriate of potash (40 kg
ha™) was also applied at PI. The top dressing
was done immediately prior to irrigation.

The rice variety NSIC Rc222 was pre-
germinated by soaking the seeds for 24 h,
draining, then incubating for 24 h prior to
sowing. NSICRc222 was selected for its high
yield potential under non-continuously flooded

Table 1. Chemical properties of the soil used in the greenhouse experiment.

. Organic C (g. Exch. Ca
pH (1:5) in H,0) glOOg'l) & Olsen P (mg.kg™) (meq.100g") Exch. K (meq.100g")  Total N (g. 100g™)
6.0 1.56 39.3 15.3 0.90 0.17
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conditions. The seeds were placed on the
saturated soil surface on 20 July 2011. Twelve
pre-germinated seeds were sown in a single 20
cm long row along the diameter of each pot.
The plants were thinned to eight plants per pot
after establishment. The pots were kept weed
free by hand weeding as needed.

Insects were well-controlled by applying
insecticides as needed against whorl maggot, leaf
and plant hoppers, stem borer, and rice bugs.

Air temperature, relative humidity and
solar radiation were measured hourly using an
automatic weather station in the greenhouse
near the middle of the experiment. The same
parameters were also measured outdoors
at the IRRI lowland farm weather station,
located among rice fields about 1 km from the
greenhouse.

All data were analyzed by analysis of
variance (ANOVA) using GenStat V.14.1. The
interaction between water stress treatment
and growth stage was also analyzed using
a factorial design with three levels of water
stress (10, 20 and 40 kPa) and three stages of
stress application (3L - PL, PI - FL, FL - PM). The
comparison of treatment means was made by
the least significant difference (LSD) at the 5%
level of probability (p=0.05).

RESULTS AND DISCUSSIONS

Weather

Temperature in the greenhouse generally
ranged from 30-35°C, with daily minimum
temperature only a couple of degrees lower than
maximum temperature (Fig. 1a). Maximum
air temperature inside the greenhouse was
usually slightly higher than the outside air
temperature. However, minimum temperature
inside the greenhouse was higher than the
outside temperature by several degrees.
Relative humidity (%) in the greenhouse was
usually about 10% lower than that of the outside
(Fig. 1b). Solar radiation in the greenhouse was
usually much lower inside the greenhouse than
that of the outside, by about 50%, except on
rainy, overcast days (Fig. 1c). There was strong
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linear relationship between solar radiation
inside and outside the greenhouse (Fig. 1d).

Effect of water stress treatment on the
frequency and amount of irrigation

The soil in the water stress treatments dried
rapidly after each irrigation (Figs 2a-c, 3a-c).
For example, during 3L-PI, a period of about 42
d, the 10 kPa treatment received 11 irrigations,
an average of 1 irrigation every 3.8 d. The
frequency of irrigation was only slightly less in
the 20 and 40 kPa treatments. The frequency of
irrigation within stress treatments was higher
during FL-PM than the other two periods, with
the 10 kPa receiving an average of one irrigation
every 3.3 d.

Fig. 2. Soil water tension in the 10, 20
and 40 kPa water stress treatments from
three leaf to panicle initiation (a), panicle
initiation to flowering and (b) from flowering
to physiological maturity in the greenhouse
(c) at IRRI, Los Banos, Philippines during July
to November 2011. Data are means of four
replicates.

Fig. 3. Soil water tension in the 10-10-10 (a),
20-20-20 and (b) 40-40-40 (c) kPa water stress
treatments from three leaf to physiological
maturity in the greenhouse at IRRI, Los Banos,
Philippines during July to November 2011.
Data are means of four replicates.

This is consistent with the findings of the
field experiments of Sudhir-Yadav et al. (2011)
with both puddled transplanted and dry seeded
rice on a clay loam soil with a deep water table.
They found a large reduction in the number
of irrigations in going from CF to an irrigation
threshold of 20 kPa, but only small differences
in the number/frequency of irrigations as the
threshold increased from 20 to 40 to 70 kPa.
This was partly due to rains, but even in dry
spells there were only small delays in drying
from 20 to 40 to 70 kPa.

During crop establishment, the total number
of irrigations and the volume of water added
were the same for all the treatments. Imposing
water stress at all stages greatly reduced the
number of irrigations in comparison with the CF
treatment, but the effect on the volume applied
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was negligible (Table 3). During 3L-PI there
were small differences between some treatments
in the volume applied, but with no meaningful
trends. During PI-FL, the treatments with
thresholds of 20 and 40 kPa at 3L-PI and/or PI-
FL received significantly less water than the CF
treatment. During FL-PM, all stress treatments
received less water than the CF treatment,
regardless of when the stress was applied,
except 10-CF-CF. The net result was that total
water input to the treatments with 20 or 40 kPa
irrigation thresholds at some or all stages was
significantly lower (by about 20%) than input
to the CF treatment. There was a consistent
trend for higher total water application with a
10 kPa threshold than with higher thresholds,
with significantly lower water input in 40-CF-
CF compared with 10-CF-CF (by 14%) in CF-
CF-40 compared with CF-CF-10 (by about 15%),
and in 20-20-20 and 40-40-40 compared with
10-10-10 (by 15-20%). The effect of the irrigation
treatments on irrigation amount was relatively

small in comparison with the findings of many
field experiments (eg Belder et al., 2004; Sudhir-
Yadav et al., 2011). However, the main causes
of the irrigation reduction in field experiments
were usually reduced seepage and percolation
losses (Bouman et al., 2005), whereas, there
was no drainage or seepage from the pots. In
non-draining pots, irrigation is only needed
to replace water lost by evapotranspiration. In
treatments with higher irrigation thresholds, the
soil dries to a greater degree before irrigation,
and therefore a larger amount of water is
needed to return the soil to saturation. In non-
draining pots differences in irrigation amount
thus reflect differences in evaporation and
transpiration. The lack of a significant reduction
in irrigation input with a threshold of 10 kPa
compared with CF is in contrast with the results
of field experiments, which show significant
irrigation reduction when changing from CF to
safe AWD (threshold of ~10 kPa), even for part
of the season (Bouman and Tuong, 2001).
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Fig. 2.

Soil water tension in the 10, 20 and 40 kPa water stress treatments from three leaf to panicle initiation (a), panicle initiation to

flowering and (b) from flowering to physiological maturity in the greenhouse (c) at IRRI, Los Banos, Philippines during July to

November 2011. Data are means of four replicates.

Effect of water stress treatment on grain yield
and yield components

There was a consistent trend for declining grain
yield with increasing water stress during all
stages, and stresses of 20 and 40 kPa applied
during any or all of the three stages significantly
reduced yield (Table 4). There was a consistent
trend for a greater reduction in yield when
the stresses of 20 and 40 kPa were applied at
all three stages than during a single stage, but
the differences were never significant. A stress
of 10 kPa did not have a significant effect on
yield, except when applied during PI-FL only.
The lack of yield reduction with a threshold of
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10 kPa is consistent with the findings of Sharma
(1997) in drums in a glasshouse, and of De
Datta et al. (1973b) who found only small effects
of drying to 10 kPa tension on grain yield, even
when the accumulated number of days without
water was as many as 38. However, Sharma
(1989) found a small (8%) but significant yield
reduction with a threshold of 10 kPa in the field
in one of two years. In the present greenhouse
experiment, the 10-10-10 treatment received
41 irrigations, meaning that the pots were not
ponded for about 41 days (or significant parts
thereof). In their review, Bouman and Tuong
(2001) reported that yields were reduced by
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maturity in the greenhouse at IRRI, Los Banos, Philippines during July to November 2011. Data are means of four replicates.
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Table 3. Effect of irrigation threshold on the number of irrigations (No.) and volume applied during each crop stage and
the whole growing season.

Crop 3L-PI PI-FL FL-PM Whole season

Treatment establishment
No. V%I:t“)“e No. V%ll‘t“)“e No. V%ll‘t“;‘e No. V‘Elll‘:‘;‘e No. V‘(’lll‘:‘;‘e

CF-CF-CF 12 1.2 293 9.1 215 108 330 170 95.8 38.0
10-CF-CF 12 1.2 11 9.7 185 93 313 158 72.8 36.1
20-CF-CF 12 1.2 10 11.9 18.0 73 288 126 68.8 329
40-CF-CF 12 1.2 8 9.0 18.0 8.1 283 126 663 30.9
CF-10-CF 12 1.2 328 9.9 100 106 318 117 875 335
CF-20-CF 12 1.2 30.0 8.8 8.25 8.1 305 127 80.8 30.8
CF-40-CF 12 12 303 9.1 6.0 73 295 129 77.8 30.6
CF-CF-10 12 1.2 285 95 218 110 10 132 72.3 34.9
CF-CF-20 12 1.2 293 9.0 220 9.4 10 122 733 318
CF-CF-40 12 1.2 29.0 8.4 185 85 6 9.2 65.5 27.2
10-10-10 12 1.2 12 10.9 7 9.2 10 13.7 41.0 349
20-20-20 12 1.2 9 8.7 7 85 8 10.1 36.0 28.6
40-40-40 12 1.2 9 9.2 6 83 8 11.2 35.0 298
LSD 232 163 1.9 2.1 255  2.09 48 3.9

0.05

3L=3 leaf stage, PI=panicle initiation, FL=flowering, PM=physiological maturity, CF=continuously flooded.

Table 4. Grain yield, yield components, straw yield and harvest index (HI) as affected by water stress imposed at different
growth stages compared with continuous flooding.

Treatment * Par(lnlz)(-))t'1 Flox;;to }-J)an'1 fertﬁjlgf?% : 108\51 %;?in Grair(lgy}i;z)ltdr1 )(dry) Stfgvgo}gle)ld HI
CF-CF-CF 24 94 86.6 21.5 412 50.6 0.44
10-CF-CF 18 105 90.3 21.3 34.2 48.6 0.41
20-CF-CF 19 79 86.9 21.2 27.8 439 0.38
40-CF-CF 19 63 86.9 214 21.7 449 0.33
CF-10-CF 20 82 85.0 21.5 30.3 45.8 0.39
CF-20-CF 22 79 85.0 20.9 27.7 418 0.39
CF-40-CF 20 80 77.0 21.1 25.1 425 0.37
CF-CF-10 22 97 88.5 21.7 417 53.2 0.43
CF-CF-20 20 89 85.7 21.7 333 44.4 0.42
CF-CF-40 20 73 83.3 20.1 24.7 419 0.36
10-10-10 19 103 84.7 21.8 353 51.1 0.40
20-20-20 16 91 85.0 214 26.4 40.1 0.39
40-40-40 14 84 86.2 21.2 21.4 374 0.36
LSD 5 ns ns ns 8.0 ns 0.06

0.05

“Data were analyzed by RCBD.
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10-40% when soil water potentials in the root
zone were allowed to reach 10 to 30 kPa. A
threshold of 40 kPa during a single stage (3L-
PI, FL-PM) and at all three stages significantly
reduced yield by 39-48% in comparison with
the flooded control, and yields with 40 kPa
were also lower than yields of all treatments
with 10 kPa thresholds at one or all stages, but
similar to yields with 20 kPa thresholds. Castillo
et al. (2006) found similar yield reductions with
severe stress applied during part of the period
PI-FL or part of FL-PM. In a field experiment,
De Datta et al. (1973b) found 30 and 40% yield
reductions with a 15 kPa threshold for two
varieties (IR20 and MI-48), and no further
reduction with a threshold of 40 kPa.

There was a consistent trend for lower
panicle density in all stressed treatments than
in CF, with significantly lower values when
stresses were applied during the 3L-PI stage or
during all the three stages. When the stresses
were applied at all stages, panicle density
declined as the threshold increased, with
significantly lower values in 40-40-40 than 10-
10-10. Panicle density is determined by both
tiller production during the vegetative stage
and by tiller mortality after maximum tillering.
Sudhir-Yadav et al. (2011) found greater tiller
mortality as irrigation threshold increased from
daily to 20, 40 and 70 kPa following a non-
stressed period up to maximum tillering. There
was a consistent trend for fewer florets per
panicle with 20 and 40 kPa stresses than with CF
during any or all the three stages, but with no
significant differences. Floret fertility and 1000
grain weight were not affected by irrigation
treatment and there were no consistent trends.
Floret fertility is determined during the period
of pollen cell formation (a couple of weeks
prior to FL) and during anthesis. There were no
significant differences in floret fertility, which
had a very small range across all treatments
(83.3-90.6%, with 86.6% in the flooded control)
apart from a lower value of 77% in CF-40-CF.
There was also a consistent trend for lower
straw yield in all stress treatments (except for
10 kPa during FL-PM), but with no significant
differences. There was a strong trend for straw

yield to decrease as the stress increased in
the treatments stressed during FL-PM or at
all stages, but with no significant differences.
Harvestindex (HI) of all treatments witha40 kPa
threshold at any or all stages was significantly
lower than that of the CF treatment. A 20 kPa
stress during 3L-PI also resulted in significantly
lower HI than the CF treatment.

The factorial analysis showed no significant
interactions between irrigation threshold
and crop stage during which the irrigation
treatment was applied for grain yield and all
yield components except grain weight (Tables
5 and 6). Grain yield decreased significantly
as the irrigation threshold increased from 10
to 20 to 40 kPa. This was largely due to fewer
florets per panicle, and to a smaller degree to
slightly lower floret fertility (not significant)
and grain weight. Grain yield was significantly
lower when stresses were applied at 3L-PI or
PI-FL than at FL-PM, mainly due to the trend
(not significant) for fewer florets per panicle
with stresses applied prior to FL. There was
significant effect of crop stage on yield and
floret fertility (%).

The lowest average grain weight (20.1
mg) was found with a water stress of 40
kPa during FL-PM only, with significantly
lower grain weight than for all other stress x
stage combinations (except for a stress of 20
kPa during PI-FL) (Table 6). Grain weight is
influenced by sink size (number of florets.m?)
which is determined prior to grain filling, and
by the amount of photosynthate available for
filling the grains. The photosynthate comes
from photosynthate stored in the leaves
hence biomass at flowering is an important
determinant of grain weight and yield
(Yoshida, 1981), and from photosynthesis
during the grain filling period (Yoshida, 1981).
Assimilates during the grain filling period
are mainly translocated to the storage organs
(Kropff et al., 1994). There was no correlation
between grain weight and any of the water
stress indices during grain filling. A stress of
40 kPa during FL-PM resulted in significantly
lower grain weight than stresses of 10 and 20
kPa at the same stage, and than all stresses at
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Table 5. Grain yield, yield components, straw yield and HI as affected by irrigation treatment at different growth stages.

Treatment Pan pot™ Floret. pan” (no.) f;:ﬁ::; 1000 grain ~ Grain yield Straw yield I
(no.) (%) wt(g) (g pot’) (g pot’)
Water stress (W, kPa)
10 20 94.5 87.9 215 35.4 49.2 0.41
20 21 82.4 85.9 21.2 29.6 434 0.40
40 20 72.0 82.4 20.8 23.8 431 0.35
LSD, 5 ns 16.3 ns 0.5 49 ns 0.04
Crop stage (S)

3L-PI 19 82.1 88.0 21.3 27.9 45.8 0.37
PI-FL 21 80.3 82.3 21.1 27.7 434 0.39
FL -PM 21 86.5 85.8 21.1 33.2 46.5 0.40
LSD, s ns ns 45 ns 49 ns ns

WxS

LSD ns ns ns 0.9 ns ns ns

0.05

*Data were analyzed by factorial design. 3L=3 leaf, PI=panicle initiation, FL=flowering, PM=physiological maturity,

CF=continuously flooded.

Table 6. Interaction of water stress and growth stage on
1000 grain weight (g).

Water stress (W), kPa

Treatment

10 20 40
Crop stage (S)
3L-PI 214 21.2 214
PI-FL 21.5 20.9 21.1
FL-PM 21.7 21.7 20.1
LSD SxW 0.9

0.05

Data were analyzed by factorial design. 3L=3 Ileaf,
PI=panicle initiation, FL=flowering, PM=physiological
maturity, CF=continuously flooded.

the other two stages. Castillo et al. (2006) also
found lower grain weight when drought stress
was applied during grain filling. However,
in the present experiment, when 40 kPa was
applied at all three stages, there was no effect
on grain weight.

CONCLUSIONS

With frequent drying, there was no yield
reduction for a threshold of 10 kPa applied at
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3L-PI or FL-PM, but there was a significant
yield decline with 10 kPa applied during PI-
FL. However, a threshold of 40 kPa reduced
yield by 39-47% when applied at a single stage
(3L-PL, PI-FL, FL-PM), while a threshold of 20
kPa reduced yield by 19-33% when applied at a
single stage. There was a slightly greater yield
reduction (36-48%) when stresses of 20 and
40 kPa were applied throughout all the three
stages compared with at a single stage. Once
the soil starts drying, soil tension increases
rapidly from 10 to 40 kPa, as evidenced by
only a very small difference in the number of
irrigations applied to each stress treatment
within each stage.

RECOMMENDATIONS

The degree of soil drying and the number of
drying events are important determinants of
crop response to soil drying, and this needs to
be considered in setting the irrigation threshold
for safe AWD (no yield loss). Given the high
sensitivity of rice to water deficit stress as the



soil dries beyond 10 kPa, and the fact that there are
only small additional water savings in increasing
the irrigation threshold above 10 kPa, it is better
to adopt conservative AWD practices ie using a
threshold of 10 kPa during the vegetative and
grain filling stages, and to keep the soil close to
saturation during PI-FL.
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