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them with standard practice (control). Three levels of water stress (Control: Regular irrigation
with 1 cm standing water, periodical water stress for 10 days from 15 days after transplanting
(DAT) to harvest and water stress for 10 days after panicle initiation or reproductive phase) and
two potassium (K) fertilization levels (41 kg K ha™ and 51 kg K ha) were evaluated in this
experiment. The application of water stress for 10 days at the reproductive phase and application
of potassium at 51 kg K ha' showed tolerance to drought stress by increasing chlorophyll content,
proline levels and maximum efficiency of photosynthesis in comparison to other treatments. It
was observed that rice yield and other physiological parameters reduced with increasing duration
of water stress by periodical water stress for 10 days from 15 DAT to maturity while application
of additional potassium fertilizer (51 kg K ha™') has a slight effect on those parameters. From our
observation, 10 days of water stress at the reproductive phase of rice with potassium fertilization
at 51 kg K ha™" produced higher grain yield and yield components that are equivalent to standard
practice. It was also observed that the biomass and filled spikelet were not affected by without
irrigation for 10 days at reproductive phase. Therefore, it could be stated that the rice variety
BRRI dhan71 does not require flood irrigation and water stress for 10 days at the reproductive
phase is more appropriate to increase water use and optimum yield of rice.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the major cereal crops of
the world that provides 20% of the total calories and
15% of the protein requirements of the world
population (FAO, 2012). Rice is grown in a wide range of
ecosystems and vulnerable to a wide range of abiotic
stresses, like drought, salinity, cold and submergence
(Lafitte et al.,, 2004). Lack of adequate water leading to
drought stress is common in upland cultivation systems.
Drought is the most important climate-related risk for
rice production in rainfed areas (Pandey et al, 2007).
More than half of the 40 million hectares of rain-fed
lowland rice worldwide suffer from water scarcity at

some of the growth stages (Cabangon et al,, 2002). The
lower productivity of rice in most of the cases is
attributed to various abiotic stresses including drought,
which has now become a severe threat to ensure food
security in the developing world as well as in
Bangladesh (Habiba and Abedine, 2015). Although water
is required all over the growth periods of rice plant,
there are some critical growth stages when drought
stress impacts seriously and create a massive reduction
in quantity and quality of yield (Roy et al, 2010). Crop
responses to drought stress and its tolerance level can
be measured by monitoring different physiological




changes during drought period (Bajji et al, 2001).
Drought stress reduces the rice growth and severely
affects the seedling biomass, photosynthesis, stomatal
conductance and plant water relations (Sarkarung et al.,
1997). Depending on timing, duration and severity of the
plant water deficit, the grain yield of some rice
genotypes could be reduced by up to 81% under drought
conditions (Pantuwan et al, 2000). Severe drought
stress also inhibits the photosynthesis of plants by
causing changes in chlorophyll content, by affecting
chlorophyll components (Iturbe Ormaetxe et al., 1998).
Ommen et al. (1999) reported that leaf chlorophyll
content decreases as a result of drought stress. The
decrease in chlorophyll content under drought stress is
mainly the result of damage to chloroplasts caused by
reactive oxygen species (Smirnoff, 1995).

The survival of plants under various abiotic stresses
depends on the status of plant growth and metabolism
that are critically governed by potassium (K).
Particularly, K is essential for photosynthesis,
osmoregulation, stomatal movement and stress
resistance in plants (Marschner, 2012). The application
of periodical water stress and potassium fertilization has
been reported to induce tolerance of crops to osmotic
stress (Razak et al, 2013). The maintenance of high
plant water status and plant functions at low plant water
potential and the recovery of plant function after water
stress are the major physiological processes that
contribute to the maintenance of high yield under cyclic
drought periods (Farooq et al,, 2009 and Quampabh et al.,
2011).

Proline is one of the most common compatible
osmolytes and plays a highly protective role in plants
that are exposed to abiotic stresses (Cha-um and
Kirdmanee, 2008; Teixeira and Pereira, 2007). The
proline content is found to be increased under drought
stress in plants (Sanchez et al., 1998; Alexieva et al,
2001). In these regards, it was hypothesized that the use
of periodical water stress and potassium fertilization
could mitigate the impacts of water stress in rice by
increasing the production of anti-oxidative enzymes as,
proline. Determination of proper water stress cycle is
important to increase water use efficiency and rice
productivity. Therefore, the objective of this study was
to investigate the impact of periodical water stress and
potassium fertilization on growth and yield, chlorophyll
content, proline content and leaf gas exchange of BRRI
dhan?71, a drought tolerant variety of Bangladesh.

MATERIALS AND METHODS

The experiment was conducted at rain out shelter of
Bangladesh Rice Research Institute (BRRI) farm, Gazipur
during T. Aman 2017. Rice variety BRRI dhan71 was
used as plant material. BRRI dhan71 was developed and
released by BRRI as drought tolerant variety and are
currently recommended for cultivation in the drought
prone areas of Bangladesh. The experiment was laid out
in split plot design with three replications of the
treatments. The main plot treatments were irrigation
water management, i.e,, I1= Control (Regular irrigation
with 1 cm standing water), 2= Periodical water stress
for 10 days from 15 DAT to maturity and Is = Water
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stress for 10 days after panicle initiation (PI) or
reproductive phase. The sub plot treatments were K
management, i.e, Ki=41 kg K ha1(30% at 15 DAT, 70%
at 30 DAT) and Kz = 51 kg Kha1 (30% at 15 DAT, 30% at
30 DAT, 40% at 50 DAT). The unit plot size was (4 m x
2.5 m). Fertilizers were applied @ 70-10-11 kg ha1 N-P-
S as urea, TSP and gypsum. Thirty-day-old seedlings
were transplanted using one seedling hill-l. The full
doses of P, S and 1/3 of N were applied during final land
preparation and the remaining N was top dressed at 20
and 45 DAT.

Before initiation of water treatment the soils were
brought to the same moisture condition (20-30 %). To
avoid rainfall all the plots were shaded by polythene
sheet before transplanting. The water table depth and
soil moisture were measured at an interval of 10 days.
The water table depth was measured by installing PVC
pipe and the portion of the pipe (35 cm) below the
ground surface was perforated. Soil moisture content
was determined with the fresh soil sampled from the
depths of 0 - 0.2 m and 0.21 - 0.4 m in the experimental
field. Sampled fresh weight was weighed and dried in
the oven for 24 hours at 105°C. The gravimetric soil
water content was determined using the formula as
follows:

Soil moisture content (%) = [(fresh soil weight-dry soil
weight)/dry soil weight x 100].

Tiller number was counted from twelve hills in each of
the plots then converted into per square meter from 15
DAT and continued till maturity at an interval of 15 days.
Tiller mortality (TM) was calculated using the following
formula (Zain et al., 2014):

TM (%) = [(Maximum number of tillers - panicles
number)/Maximum number of tillers x 100]. At maturity,
the plant height was measured from the soil surface to
the tip of the tallest panicle. Rice leaf area index (LAI)
was taken at the heading stage by LICOR 3100. SPAD
meter was used to measure the greenness or relative
chlorophyll content of leaves (Inada, 1985). The
youngest fully expanded leaf of a plant was used for
SPAD measurement. Readings were taken on one side of
the midrib of the leaf blade.

Proline content was determined using ninhydrin acid
reagent according to Bates et al. (1973). The level of
photosynthesis was measured from the topmost fully
expanded leaves during grain filling stage and by using a
closed infrared gas analyzer LICOR 6400 portable
photosynthesis system (IRGA, Licor Inc. Lincoln, NE,
USA). The rate of photosynthesis was measured at an
interval of three minutes. The temperature of the block
and the leaf was 32+1°C, relative humidity was
maintained at 65 *5% with constant light intensity of
1400 pmol m2s-tand the flow rate was maintained at
400 umol s-1.

For dry matter and proline determination, plant samples
were harvested by cutting about 2 cm above the soil
surface at active tillering, maximum tillering, heading
and maturity stage. The vegetative plant parts were
oven-dried at 72°C for 72 h to constant weight and then
weighed to calculate the stem dry weight of the
respective stage. The remaining root mass of each
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section was washed to remove soil and then oven dried
at 72°C for 72 h and weighed again for root dry weight.

At maturity, the plants of 5 m? area were harvested for
the determination of yield and yield components.

The collected data were analyzed using statistical
program cropstat7.2 (Gomez and Gomez, 1984). The
treatment means were separated using least significance
difference test at the 5% level of probability.

RESULTS AND DISCUSSION

Meteorological conditions

The highest rainfall prevailed in the study area during
August followed by October and the mean maximum
temperature was highest in September - October during
the crop growth (Figure. 1A and B).

Perch water table and soil moisture

The water table depth was recorded from the day of the
treatment started. The range of water table at control
condition was 3 to 5 cm depth below surface till 75 DAT.
Water table ranged from 15 to 25 cm depth under
periodical drought stress condition (Iz) while at drought
stress for 10 days after PI (I3) it was 27 to 32 cm. The
soil moisture (%) was also recorded at ten days interval.
Soil moisture was around 34 to 40% at control condition
whereas 13-25% soil moisture was found from
periodical drought stress condition (Iz) and drought
stress for 10 days after PI or reproductive phase (I3),
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respectively (Figure. 2 and 3A, B ). There was no
significant difference observed from K management, and
interaction effect of irrigation water and K management
on soil moisture. The findings are in harmony with
Kader et al. (2019) who have showed that maintaining
high soil moisture can enhance water productivity of
rice in control condition and in reproductive phase
perch water table depth and soil moisture was reduced
during screening of rice varieties or while developing
new rice varieties for drought prone areas.

Tillering pattern

Interaction effect of irrigation water and K management
on tillering pattern was not significant. Therefore,
individual effect of irrigation water and K management
on tiller production has been shown in the Figures 4A
and B. Irrespective of irrigation and K management,
number of effective tillers m-2 increased significantly
over time, peaked in 60 DAT and then declined slightly.
Effective tiller number m-2 ranged from 67 to 129 in
irrigation water management and 68 to 128 in K
management treatments. During 60 DAT the highest
number of tillers (129) was produced from control
treatment (regular irrigation) followed by periodical
water stress for 10 days from 15 DAT to maturity (127)
and drought stress for 10 days after PI (124)
management plots. Zubaer et al. (2007) found that
number of tiller per hill decreased with decreased soil
moisture level, which is in agreement with our findings.
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Figure 1. Temperature (A) and Rainfall (B) status of BRRI, Gazipur during the experimental period from August

2017 to November 2017 (Daily average)
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Tiller mortality

Tiller mortality of BRRI dhan71 varied significantly
among the treatments. However, the tillers mortality
rate also increased with increasing duration of water
stress cycle. Among the treatments highest tiller
mortality (6.8%) was observed from periodical water
stress for 10 days from 15 DAT to maturity (I2) followed
by drought stress for 10 days after PI (I3) and regular
irrigation (I1). Number of tillers reduced with increased
duration of water stress cycle as observed by Zain et al.,
(2014), which is in consistent with the results from this
study. However, among the potassium management,
higher tiller mortality was found for 41 kg K ha-1 (4%)
followed by 51 kg K ha! (3.14%) (Figure 5A and B). Due
to some environmental limitations such as water and
nutrient supply etc. tiller production may be inhibited
and all the tiller buds do not develop into tillers (Yoshida,
1981).

Dry matter production

Dry matter production varied significantly among the
treatments both at heading (HD) and maturity (MA)
stage. The tiller dry weight gradually increased till HD
and decreased at the MA stage. Tiller dry weight for rice
subjected to regular irrigation (I1) was higher (365.5 g
m-2) at heading stage in comparison to other treatments
of irrigation water management. At maturity, the highest
dry matter (321.1 g m-2) was produced from drought
stress for 10 days after PI or reproductive phase (I3)
followed by regular irrigation (314 g m2) treatment,
whereas the lowest dry matter (293.8 g m<2) was
recorded from periodical water stress for 10 days from
15 DAT to maturity (I2). In case of K management,
application of potassium @ 51 kg ha! (Kz) produced
highest dry matter (319.8 g m<2) during maturity
(Figure. 6A and B). This result is in conformity with
I[slam et al. (2004) who found that plants under severe
water stress and treated with 37.5 kg K ha-! produce the
lower dry matter.

Effect of potassium fertilizer on rice under water stress

Yield and yield components

Grain yield and yield components of BRRI dhan71 were
affected by irrigation water and K management (Table
1). However, Interaction effect of irrigation water and K
management was not significant in grain yield and yield
components (P> 0.05). Grain yield of rice grown under
periodical water stress for 10 days (I2) was significantly
lower (2.64 t hal) as compared to regular irrigation
(3.38 t ha'1) and drought stress for 10 days after PI (3.22
t ha'1). Higher grain yield from regularly irrigated plots
(In) was associated with higher panicle m-2, grains
paniclel and 1000 grain weight. Grain yield was
comparable when rice was grown under regular
irrigation and water stress for 10 days at reproductive
phase (Table 1). Results suggest that it is not necessary
to apply flood irrigation method in rice cultivation to
obtain high grain yield. However, grain yield decreased
significantly in rice plants treated with periodical water
stress for 10 days and this result agrees with the
findings of Beyrouty et al. (1994) and Grigg et al. (2000).
The lower grain yield of rice in periodical water stress
for 10 days from 15 DAT to maturity was attributed to
highest tiller mortality (%) (Figure 5A and B), lowest dry
matter (Figure. 6A and B) and less spikelets per panicle.
The increased yield of rice under short water stress
cycle might be due to increase in biomass production
(Figure. 6A and B), filled spikelet per panicle and tillers
number m2 (Table 1). Grain yield is a function of
biomass accumulation from heading to maturity and
translocation of reserves (pre-stored before heading) to
kernels (Yang et al.,, 2008). It has often been suggested
that rice yield increase depends more on translocation of
biomass to kernels those accumulated before heading
than on biomass accumulation from heading to maturity
(Miah et al,, 1996, Laza et al.,, 2003). The decrease of rice
yield with increasing water stress was also observed by
Zulkernain et al. (2009). In the current study, it was
observed that the biomass and filled spikelet were not
affected by without irrigation for 10 days at
reproductive phase (Table 1), however, exceeding 10
days water stress at reproductive phase, there would be
reduction of the biomass and filled spikelet per panicle
and also reduce yield.
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Figure 2. Perch water table depth at field under different moisture levels. (I1 = Regular irrigation with 1 cm
standing water; Iz = Periodical water stress for 10 days from 15 DAT to maturity; Is = Drought stress for 10
days after PI or reproductive phase; K1 = 41 kg Kha1and Kz = 51 kg Kha1)
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bars represent standard errors (SE). (I1 = Regular irrigation with 1 cm standing water; Iz = Periodical water
stress for 10 days from 15 DAT to till maturity; Is = Drought stress for 10 days after PI or reproductive phase;
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Figure 5. Tiller mortality of BRRI dhan71 as affected by irrigation water (A) and K management (B). Vertical
bars represent standard errors (SE). (I1 = Regular irrigation with 1 cm standing water; Iz = Periodical water
stress for 10 days from 15 DAT to till maturity; I3 = Drought stress for 10 days after PI or reproductive phase;

Ki=41kgKhatand Kz =51 kg Kha1)
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Figure 6. Dry matter production (g m-2) of BRRI dhan71 as affected by irrigation water (A) and K management
(B). Vertical bars represent standard errors (SE). (I1 = Regular irrigation with 1 cm standing water; Iz =
Periodical water stress for 10 days from 15 DAT to maturity; I3 = Drought stress for 10 days after PI or
reproductive phase; K1 =41 kg Kha'1and Kz = 51 kg K ha1)

Morphological and physiological parameters

Plant height ranged from 106 to 108 cm among the
treatments (Table 2). There was no significant difference
in plant height in respect of the combined effects of
water management and potassium fertilization.
Irrigation water managements showed significant effect
on leaf area index (LAI). The highest LAI was observed in
regular irrigation (I1) treatment (2.65) followed by
drought stress for 10 days at reproductive phase
treatment (2.48), whereas the lowest LAl was observed
in periodical water stress for 10 days from 15 DAT to
maturity (1.93). Reduced soil moisture levels produced
lower leaf area; it might be due to inhibition of cell
division under water stress condition. The results from
the current study are in agreement with Zubaer et al.
(2007) who found that water stress reduced the leaf
area in rice.

The SPAD value indicates the greenness or relative
chlorophyll content of leaves, which differed
significantly due to different water regimes. The highest
chlorophyll content was measured in rice plants from
the plots received regular irrigation (47.3) followed by
drought stress for 10 days at reproductive phase (43.07)

and periodical water stress for 10 days from 15 DAT to
maturity (39.03). Cyclic water stress had significant
influence on chlorophyll contents in rice (Table 2). It
was observed that increased duration of water stress
can significantly reduce total chlorophyll content in
leaves and the similar result was also reported by Nilsen
and Orcutt (1996) and Petrov (2012). Decreased
chlorophyll level during drought stress has been
reported in other species, depending on the duration
and severity of drought (Kpyoarissis et al., 1995).

Root dry weight of rice was significantly affected due to
differences in the management of water. The significant
increase in root dry weight was observed while applied
periodical water stress for 10 days from 15 DAT to
maturity compared to the regular irrigation condition
(I1). The application of potassium fertilization showed
no significant effect to enhance the root dry weight
during this cylic water stress (Table 2). Our results
indicated that the periodical water stress led to a
increase in root dry weight in rice. Boutraa et al. (2010)
and Ichsan et al. (2020) also reported that dry weight of
wheat and rice root increased under the water stress
conditions.

Table 1. Impact of potassium fertilization on yield components of BRRI dhan71 under water stress at different
growth stages at BRRI farm, Gazipur. (I1= Regular irrigation with 1 cm standing water; Iz = Periodical water
stress for 10 days from 15 DAT to maturity; Is = Drought stress for 10 days after PI or reproductive phase; K1 =

41 kgKhatand Kz =51 kg Kha1)

Treatments Panicles m2 Grains panicle-! 1000 grain wt. (g) Gra’g:;‘;ld
Irrigation water management
Ih 119 116 26.06 3.38
I2 113 104 24.40 2.64
I3 112 113 26.36 3.22
LSDo.05 NS 8.69 NS 0.23
K management
K1 112 109 25.75 3.01
K2 117 111 25.46 3.20
LSDo.0s NS NS NS NS
CV (%) 7.1 7.8 5.9 9.6
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Table 2. Impact of potassium fertilization on plant height, leaf area index, growth, total chlorophyll content
(SPAD value), proline content, photosynthetic rate (nmol COz m-2s1) of BRRI dhan71 under water stress at
different growth stages at BRRI farm, Gazipur. (I1 = Regular irrigation with 1 cm standing water; Iz = Periodical
water stress for 10 days from 15 DAT to maturity; I3 = Drought stress for 10 days after PI or reproductive

phase; K1 =41 kg Kha1and Kz = 51 kg Kha1)

Root

Total Proline

. Net

etments P cooncioAD (s Photosynthess
(8) value) leaf (nmol €Oz m25)
Irrigation water management
I1 108.00 2.65 1.40 47.30 1.71 22.24
Iz 107.30 1.93 1.90 39.03 2.54 17.61
I3 106.70 2.48 1.40 43.07 3.06 22.34
LSDo.05 NS 0.50 0.29 1.63 0.37 1.15
K management
K1 106.80 2.38 1.55 43.26 2.45 19.16
Ko 108.00 2.33 1.58 43.01 2.42 24.60
LSDo.05 NS NS NS NS NS 1.45
CV (%) 1.9 9.2 25.9 3.6 3.9 6.4
CONCLUSIONS

Proline content was influenced by the water stress
(Table 2). Higher proline content (3.06 pmol g1 leaf)
was found in drought stress for 10 days at reproductive
phase followed by periodical water stress for 10 days
from 15 DAT to maturity (2.54 umol g leaf) and lowest
in the regular irrigation condition (1.71 umol g1 leaf).
The data indicated that proline content significantly
increases when the rice plants are exposed to periodical
water stress, especially for 10 days at reproductive
phase. Zain et al. (2014) also observed the increase in
proline content under cyclic water stress in rice.

Results from this study indicated that there were
significant differences of photosynthetic rate in different
irrigation water management and applications of K.
Photosynthetic rate was significantly higher in both
regular irrigation (22.24 pmol CO2 m-2s1) and drought
stress for 10 days at reproductive phase (22.34 pumol
CO2m2s1) and it was comparable among the treatments
(Table 2). These results also indicate that photosynthetic
rate differed significantly with LAI (Table 2) and grain
yield (Table 1) wunder different irrigation water
management practices. Net photosynthesis was higher
under regular irrigated condition followed by periodical
water stress condition and was lowest at water stress in
reproductive phase (Table 2). The decrease in
photosynthesis in drought stressed plants could be
attributed both to stomatal and non-stomatal responses.
Stomatal responses has been associated with chemical
signals, particularly to the synthesis of abscisic acid
(ABA), which regulate the rate of transpiration and plant
moisture status (Grigg et al, 2000). This result is also
supported by Centritto et al. (2009). It was also found
that potassium fertilization under water stress
conditions at the reproductive phase could minimize
drought stress effects such as reduction in net
photosynthesis (Fukai and Cooper, 1995).

The results of the present study indicate that the
increase of water stress cycle reduces yield of rice.
However, proline accumulation in leaves increased and
chlorophyll content reduced with increased duration of
water stress cycle. There was no interaction between
irrigation and K levels in respect of the parameters
studied for the BRRI dhan71. It was also observed that
the biomass and filled spikelet were not affected by the
withdrawal of irrigation for 10 days at reproductive
phase. The imposition of water stress for 10 days at the
reproductive phase has been found to enhance rice
tolerance to water stress. Therefore, the cultivation of
the rice variety BRRI dhan71 does not require flood
irrigation as it is necessary for most of the traditional
rice varieties. These findings might be suggested for the
rice growers of Bangladesh where irrigation water is
scarce.
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