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Abstract

Water stress is one of the limiting factors for rice production. Under rainfed condition with erratic rainfall, water
stress becomes a serious threat for sustainable rice production. Drought tolerant cultivars along with appropriate
management practices can solve the problem. Field and control condition studies were carried out to study the
response of some rice cultivars to water-stress, and to develop appropriate on-farm management strategy for
sustainable yield under drought condition. The results revealed that most of the cultivars produced good yield
under drought condition compared to normal irrigated condition (under control condition and field study). Levee
management strategy (of height of 20 cm) seems a viable option to alleviate the effect of drought under field
condition. Levee management and life-support supplemental irrigation (when necessary) can facilitate good yield
of most of the cultivars. These cultivars seemed to be appropriate for cultivation in drought-prone areas.

Keywords: rice, drought stress, supplemental irrigation, levee management
1. Introduction

Water stress is the main limiting factor for cereal crop production worldwide. Water resources are becoming scarce
day by day (Kuper et al. 2017, Cullet and Stephan 2016). This is also true for Bangladesh (Sadia and Ali 2016,
Sarkar et al., 2013). In Bangladesh, water supply heavily depends on rivers originating from neighbor countries
and rainfall. Climate change, deforestation and construction of dams in common rivers have contributed to enter a
reduced amount of water (Ali, 2010a). As surface water supply is decreasing day by day, irrigation pressure is
going towards groundwater resource. But this resource is not unlimited. Intensive crop cultivation (irrigated)
during dry season have contributed to excessive groundwater withdrawal of many parts of Bangladesh (Asraf and
Ali, 2015; Ali et al., 2012). There are many areas where irrigation facility could not be implemented. The north-
western part of Bangladesh, the Barind Tract area, receives a low annual rainfall than that of the other regions of
the country. Crop production in such areas depends on natural rainfall. In addition, changing pattern of rainfall
(frequency, amount and its distribution) imposes drought in crop growing period. Research results showed that
increase in temperature can increase crop water demand (Ali et al., 2007).

Rice is the main staple food grain in Bangladesh. During 2016-17, total rice production (Boro, Aus and Aman) of
the country is about 3,3804,000 Metric ton (BBS, 2017). Due to continuous increase in population, increased
amount of rice should be produced and hence, there is a great need for sustainable rice production. In this context,
a solution lies between development of drought tolerant rice variety and sustainable irrigation supply system.

In Bangladesh, rice grows in main three seasons: Boro (Jan.- May), Aus (April — July), and Aman (Aug.-Nov.). In
Boro season, production of rice depends on irrigation (from surface or groundwater). In Aus and Aman season,
the water demand is mostly meet by natural rainfall. Supplemental irrigation is needed for uneven or little rainfall,
or during a long dry-spell. Drought sensitive cultivar can suffer from soil moisture in such a period. Drought
tolerant cultivars can mitigate the impact of drought. Another possibility is to capture rainwater in the rice plot by
maintaining sufficient height levee, which can facilitate plants to maintain turgor during long dry-spell or drought.

Both In Vitro and In situ screening of rice cultivars have been practiced (Sabesan and Saravanan, 2016; Kumar et
al., 2015). Different indices to screen rice for drought resistance have been used by different researchers. These
include drought resistance as estimated from grain yield, visual scoring, canopy-temperature based indices, and
uprooting force (Zou et al., 2007; Ingram et al., 1990; Kumar et al., 2015). From a detail review, Ingram et al.
(1990) concluded that visual scoring was the best method. In case, controlled water deficit can not be imposed,
drought resistance may be estimated by measuring both uprooting force and grain yield. Gomathinayagam et al.
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(1998) noted that drought SES scores of susceptible and resistant checks from pot screening were significantly
correlated with average scores from field drought tolerance trial results in the IRRI data bank. Zou et al. (2007)
concluded that drought resistance can be identified by measuring yield potential, delay in flowering, or drought
response index under drought stress and normal irrigated condition.

The effects of water-stress (or drought) on plant growth processes, and adaptation strategies by plants have been
studied and documented by numerous researchers (Arnon, 1975; Clark and Hiller, 1973; Turner, 1986; Andersen
and Aremu, 1991; Neumann et al., 1994; Yang et al., 2001; Ali 2010b; Sikuku et al., 2010). But the ultimate
signature of water stress reflects on grain yield. Sikuku et al. (2010) investigated the effects of water deficit on
physiology and morphology of three varieties of NERICA rainfed rice in the field and green house. They imposed
treatments as: irrigating once in a day (control), after every 2 days, 4 days and 6 days, respectively. They found
that water deficit causes reduction in plant growth and biomass accumulation. Among the three varieties, NERICA
2 was the most tolerant in terms of plant growth. Yang (2007) used soil-water potential value to schedule irrigation
for rice. The level of soil moisture content has also been used to schedule irrigation by other researchers (Ali and
Talukder, 2001).

Alam and Mondal (2003) reported that continuous 3-7 cm standing water (T;) required the highest amount of water
followed by 7 cm irrigation water application after disappearing of standing water (T:) and 7 cm standing irrigation
water application 3 days after disappearing of standing water (T3) treatments. The highest water productivity was
found in treatment T3 followed by T and Ti. They concluded that, maintaining continuous standing water in the
hybrid rice fields is not necessary for optimum yield. Rather, application of irrigation water 3 days after standing
water disappeared from the field could be practiced for obtaining optimum yield of hybrid rice, with minimum
water application.

The effects of drought stress on final product, that is yield, and the frequency of supplemental irrigation
requirement under rainfed rice depends on the soil type, cultivar (maturity period, drought resistance capacity),
ET demand, and rainfall availability at the field site (Ali, 2010b, Ali et al., 2014). Thus, it is not appropriate to
make definite recommendation regarding the number and amount of irrigation to be applied for all cultivars.

Therefore, the present experiment was designed to: (1) Study the response of cultivars to water-stress, (2)
Determine the critical stage(s) of the cultivars to water-stress (if any), and (3) Develop appropriate supplemental
irrigation management strategy of some newly developed rice mutants/cultivars for higher yield and water
productivity.

2. Materials and Methods
2.1 Location, Soil and Climatic Condition of the Site

Experiments were conducted in Field and in control condition. The details are as follows:

Year Season Pot (Location), Field (Location)
2015 Aman - a) Nachol Upazila (24°44” N, 88°24"'E)

(July - Oct.) b) Chapainawabganj Sadar (24°40” N, 88°18”E)
2016  Aus Mymensingh a) Nachol Upazila

(April - July) (24°43” N, 90°26”E)  b)Tanor Upazila (24°40” N, 88°31”E)

The local climate at the field site is sub-humid and sub-tropic with summer dominant rainfall. The average annual
rainfall (1991-2015) at the field experimental site is about 1450 mm, mostly concentrated over the months of April
to September (monsoon period). The topography is flat and high land. Texturally the soil is silt loam with bulk
density ranging from 1.2 to 1.3 gm/cm®.

2.2 Experimental Details
2.1 Pot Experiment for Drought Screening (At Mymensingh): Aus Season

The objectives were: (1)To study the response of cultivars to water-stress, (2) To determine the critical stage(s) of
the cultivars to water-stress. The experiment was conducted in large container/pot (1.5 m X 1.0 m X 0.35 m, having
drainage outlet, and rain-shed over it) at Field Lysimeter Complex of 'Bangladesh Institute of Nuclear Agriculture'
(BINA), Mymensingh, Bangladesh.

The scheduled treatments were: T = Control (normal irrigation, 3 days AWD); T, = Irrigation when available soil
moisture (ASM) within the root zone drops below 60% (throughout the growing season); Ts= Irrigation during
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booting to soft-dough stage, if ASM drops below 60% and normal irrigation for the rest period; Ts= Irrigation
when ASM drops below 75% (throughout the growing season). Ts= Irrigation when ASM drops below 85% (prior
to booting stage), and from booting to soft-dough stage at 75% ASM.

The cultivars were: V1= Nu/350/P-4(5), V2= N0/350/P-5-4, V3= N4/250/P-2(6)-26, V4 = Binadhan-17, V5 =
BRRI dhan 48 (as Check).

Note: The mutant lines V1 to V4 were derived from NERICA Rice through mutation breeding. Recently, the
mutant line N;o/350/P-5-4 (V2) has been certified/released by National Seed Board (NSB) as Binadhan-21, for
cultivation in Aus season throughout the country.

Two series of container (2 replicates) were used. The design was RCBD, with split-plot. The experimental soil
was fertilized with the 2.5 times recommended doses for field soil (of Urea @215 kg/ha, TSP@180 kg/ha and
MP@100 kg/ha). The seedlings (28 days old) were transplanted on 29" April, and harvested during 31% July — 7%
Aug., 2016.

Treatments were imposed accordingly. The grain weight was adjusted to 12% moisture following Ali (2010c).

2.2 Field Experiment: Supplemental Irrigation and Levee Management in Aus and Aman Rice in Drought Prone
Area

The Objective were: (a) To study the response of cultivars to water stress, and (b) To develop appropriate irrigation
management strategy along with levee management for higher water productivity. The design was Randomized
Complete Block, with split-plot arrangement of the treatments. The main-plot treatments (Levee and supplemental
irrigation management) differed slightly between Aus and Aman season, as follows:

Aus season

Aman season

T: = normal levee (farmer’s practice, 10~12 cm) and
supplemental irrigation ( throughout the growing
season) when available soil-moisture (ASM) within
the root zone drops below 55%

T>= 20 cm height levee around the plot, and rainfed
T;= 20 cm height levee around the plot, and
supplemental irrigation during booting to soft-dough,
if ASM drops below 55%

Ts = 20 cm height levee around the plot, and
supplemental irrigation during booting to soft-dough,
if PASM drops below 75%.

Ts = Control (normal irrigation, 3 days AWD)

T: = normal levee (farmer’s practice) and
supplemental irrigation ( throughout the growing
season) when ASM drops below 55% ;

T>= 20 cm height levee around the plot, and rainfed;
T;= 20 cm height levee around the plot, and
supplemental irrigation during booting to soft-dough,
if ASM drops below 55%.

T4 = Control (farmer’s practice: rainfed, and normal
levee, 10 cm);

The treatments were made little different based on the natural rainfall/drought pattern of the two seasons. In Aus
season, there is scanty of rainfall, and thus natural severe drought may be possible.

The sub-plot treatments (Cultivars):

There were little variations of cultivars between Aus and Aman season, as follows:

Aman season (2015)

Field Pot

Aus season (2016)

Aus season (2016)
Field

V1 =N4/350/P-4(5)
V2 =N,0/350/P-5-4
V3=N4/250/P-2(6)-26
V4 = Binadhan-17
V5 =BRRI dhan 56
V6 =N4/250/P-1(2).

V1= N4/350/P-4(5)

V2= N,0/350/P-5-4

V3= N4/250/P-2(6)-26

V4 = Binadhan-17

V5 = BRRI dhan 48
(as Check).

V1 =N4/350/P-4(5)

V2 =N,0/350/P-5-4

V3 =NERICA-4

V4 = Binadhan-17

V5 =BRRI dhan 48
(as Check).

The cultivar V5 was changed between Aman and Aus season due to their appropriateness (recommended) in that

s€ason.
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2.3 Soil Moisture Measurement

Soil moisture in the container/pot was measured using handy ‘Digital soil moisture meter’ (model: rapidest, Custon
Manufacturing, China) and gravimetric method.

2.4 Irrigation Water Productivity

Irrigation water productivity (IWP) was calculated as (Ali, 2017):

grain

IWP =
Q)
Where Y grin s the grain yield, I is the irrigation amount.
2.5 Analysis of Experimental Data

The analysis of variance technique (ANOVA) was carried out on the on yield attributes and yield data as applicable
to the design. The significance of the treatment effect was determined using F-test at 5% probability level, and to
determine the significant difference among the means of the treatments, least significant difference (LSD) or
Tukey's Honest Significant Difference was estimated (using statistical software “STAR”, developed by
International Rice Research Institute (IRRI)).

3. Results and Discussion
3.1 Year 2015
3.1.1 Field Experiment: Aman Season

The seedlings were transplanted on 29 July, 2015 and harvested during 15 — 22 Oct., 2015. Supplemental irrigation
did not require in this season.

The mean rice yield under different treatments (irrespective of cultivars) are presented in Table 1.1. The levee
management treatments showed insignificant yield difference, while the cultivars showed significant difference.
Although the treatment effects are insignificant, the levee managements have positive effect on grain yield (T2,
T3). The levee x cultivar (interactions) showed insignificant yield difference (not shown).

Cultivar yield

In general, higher yield was obtained at Chapai Sadar compared to Nachol location. This may be due soil condition
and climatic variation. At Chapai Sadar location, the highest yield was obtained in cultivar V5, which is statistically
similar with V1 and V4. Similarly, the cultivars V2, V3 and V6 are statistically similar (but lower yield than the
earliers).

At Nachol location, the highest yield was obtained in cultivar V4 followed by V5. The cultivars V2, V3 and V6
produced statistically similar yield.

Table 1.1 Mean effects of treatments (irrigation and cultivars) on grain yield

Irrigation Grain yield (t ha™)
management Chapai Sadar Nachol
T, 5.00 3.69

T 5.31 4.00

Ts 5.17 4.06

T4 491 3.62
THSD(0‘05) NS NS
Cultivars

Vi 5.62a 3.16d
V, 4480 341cd
V; 4.13b 339cd
V4 5.67 a 4.94 a
Vs 6.29a 4250
Vs 4440 3.96 be
THSD(.05)

Note: THSD = Tukeys’s Honest Significant Difference.
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Means with the same letter are not significantly (statistically) different at 5% level of probability by THSD test.
3.2 Year 2016
3.2.1 Field Experiment - Aus Season

The seedlings (28 days old) were transplanted on 27 April, 2016 and harvested on 27 July, 2016. Normal irrigation
(common for all) was applied up to 28 days from transplanting. Then the treatments were imposed.

A - Nachol location (Chapai Nawabgonj): Aus

The rainfall distribution during the crop period is shown in Fig.2.1. The common irrigation amount (including land
preparation) was 25 cm. The mean yield under different treatments and interaction effects are presented in Table
2.1 and Table 2.2, respectively. The irrigation amount and frequency under different treatments are presented in
Table 2.3.

The levee and irrigation management treatments, and irrigationxcultivar showed insignificant yield difference,
while the cultivars showed significant difference. Normal irrigation (4 nos.), rainfed (only 01 life irrigation) and
soil moisture basis irrigation (55 and 75% depletion of ASM — 02 and 01 frequency) showed insignificant yield
difference, indicating that the cultivars have the capability to produce good yield under water-stress condition. The
cultivar V1 produced the highest yield for all irrigation management conditions (6.0 — 6.4 t/ha).

When considered the irrigation water savings compared to normal irrigation (T5), the stressed treatments saved 25
—39% water with insignificant yield reduction.
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Figure 2.1 Rainfall distribution during crop period
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Table 2.1 Mean effects of treatments (irrigation and cultivars) on grain yield at Nachol

Treatments Grain yield, t ha™!
T 4.87
T, 4.87
T3 4.95
T, 491
Ts 5.05
F-test (5%) NS
Vi 6.23 a
\% 573 b
V3 247¢
V4 4.87d
Vs 535¢

F-test (5%)
Means with the same letter are not significantly different at % probability level by Tukeys’s Honest Significant
Difference (THSD) test.

Table 2.2 Interaction effects of irrigation and cultivars on grain yield (t ha™!)

Variety Yield (t ha'!) under different irrigation treatments
T1 T2 T3 T4 T5

V1 6.32 6.08 6.17 6.18 6.41

V2 5.59 5.72 5.78 5.76 5.81

V3 242 241 2.57 2.40 2.57

v 4.78 4.81 4.87 4.88 4.99

V5 5.23 5.33 5.38 5.35 5.45

F-test (5%) NS NS NS NS NS

Table 2.3 Irrigation frequency, total irrigation and water savings under different treatments

Irri. Common irri. (for Irri. frequency after Applied irrigation Total applied Water savings
treatment establish), cm establishment amount (cm) water (cm) compared to T5 (%)
T1 25 2 8 33 25

T2 25 1- life irri. 2 27 39

T3 25 2 7 32 27

T4 25 1 4 29 34

T5 25 4 19 44 -

B: Tanur location (Rajshahi) (Aus)

The mean yield under different irrigations and varieties is presented in Table 3.1. The irrigation management
treatments showed insignificant yield difference, but the cultivars showed significant difference. The cultivar V1
produced the highest yield followed by V5. The interaction effects (yield of the varieties under different levee and
irrigations management) are presented in Table 3.2. The interactions are not significant at 5% probability level. In
general, the cultivar V1 produced the highest yield for all irrigation management conditions (4.64 — 5.38 t ha').
Irrigation treatments and interaction effects showed insignificant yield difference, indicating that the cultivars have
the capability to produce good yield under water stress condition.

The irrigation amount and frequency under different treatments are presented in Table 3.3. The common irrigation
amount (including land preparation) was 20 cm. When considered the irrigation water savings compared to normal
irrigation (T5), the stressed treatments saved 25 — 38% water with insignificant yield reduction.

At both the locations, the cultivar V1 produced the highest yield; and the cultivars V2, V4 and V5 produced
comparable yield.
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Table 3.1 Mean effects of treatments (irrigation and cultivars) on grain yield at Tanur

Treatments Grain yield, t ha™!
T, 4.62
T, 4.40
T3 4.80
T, 4.44
Ts 4.79
F-test (5%) NS
Vi 5.06 a
V, 439¢
V3 434 C
V4 443 C
Vs 4.83Db
F-test (5%)

Means with the same letter are not significantly different by LSD test at 5% level.

Table 3.2 Interaction effects of irrigation and cultivars on grain yield at Tanur

Variety Yield (t ha!) under different irrigation treatments

T1 T2 T3 T4 T5
Vi 5.09 4.64 5.38 4.97 5.23
V2 437 431 4.68 4.02 4.58
V3 4.48 4.05 4.47 4.35 4.36
V4 4.38 4.40 4.36 4.17 4.85
V5 4.79 4.59 5.11 4.71 4.94
F-test (5%) NS NS NS NS NS

Table 3.3 Irrigation frequency, total irrigation and water savings under different treatments

Irri. Common irri. (for Irri. frequency after Applied irrigation Total applied Water savings
treatment establish), cm establishment amount (cm) water (cm) compared to TS (%)
T1 20 2 10 30 25

T2 20 1 5 25 38

T3 20 2 10 28 30

T4 20 1 5 25 38

TS 20 4 20 40

3.2.2 Pot Experiment - Aus Season, 2016
The seedlings (28 days old) were transplanted on 29% April, and harvested during 31 July — 7" Aug., 2016.

The mean effects of irrigation treatments and cultivars on yield and yield attributing characters of rice cultivars
are summarized in Table 4.1. The cultivars showed significant difference in tiller/plant, seed/panicle and grain
yield, while irrigation treatments showed insignificant difference in yield and yield attributing characters. The
yield of cultivars under different irrigation regimes is shown in Table 4.2. The cultivars Vi, V4 and Vs produced
good yield under stress condition (T4 and Ts) relative to normal irrigation condition (T;), indicating their tolerance
capacity under drought (resembled to 12 — 18 days dryness).

Table 4.1 Mean effects of irrigation treatments and cultivars on yield and yield attributing characters of rice
cultivars

Treatment Plant height Tiller/ plant Panicle seed/ panicle Grain yield
(cm) length (gm/m?)
(cm)
T 85.8 9.7 24.0 87.3 401.5
T2 87.4 9.6 227 72.0 384.0
T3 88.0 11.5 22.2 75.1 3814
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Ta 854 9.7 224 68.3 356.4
Ta 86.0 11.3 20.4 72.9 357.6
F-test (5%) NS NS NS NS NS
Cultivars

Vi 91.3 123 a 22.1 79.8 ab 424.7b
Vv, 75.7 109a 224 66.0 ¢ 269.3 ¢
V3 81.3 57b 23.0 63.6¢c 2702 ¢
V4 91.2 114a 21.8 924 a 49337 a
Vs 93.1 11.6a 22.3 73.7 be 423.40b
F-test(5%) NS NS

Means with the same letter are not significantly (statistically) different at 5% probability level by Tukeys’s Honest
Significant Difference (THSD) test.

Table 4.2 Interaction effects of irrigation treatments and cultivars on grain yield of rice

Treatment Grain yield of different cultivars (gm/m?)

\%! V2 V3 V4 V5
T 460.8 290.5 285.5 519.5 451.4
T, 417.5 292.3 263.0 517.5 454.3
T 421.5 2533 252.0 578.5 401.5
T4 412.6 250.0 267.0 424.0 428.5
Ts 410.8 260.5 283.5 4273 406.0
F-test(5%) NS NS NS NS NS

Table 4.3 Irrigation frequency, total irrigation and water savings under different treatments

Irri. Irrigation up to No. of irrigation Total water  savings Irri. date (days after

treatment  establishment after treatment irrigation (%, compared to transplanting, DAT)
(cm) started (nos.) amount (cm)  T1)

T1 16 06 44 - 32,41, 53,61,67,79

T2 16 04 35 20 41, 53,31, 67

T3 16 04 34 23 41, 51,61,79

T4 16 03 29 34 44,53, 65

T5 16 03 30 32 44, 56, 67

4. Summary and Conclusion

Rice is the main source of food for more than half of the global population, and nearly 100 % in Bangladesh. Most
of the rice cultivars are affected by abiotic stress, specially water stress. Water deficit is the main constraint for
rice production under rainfed condition. Drought tolerant cultivars along with appropriate management practices
can solve the problem. We carried out field and control condition studies to study the response of some cultivars
to water-stress, and to develop appropriate on-farm management strategy for sustainable yield of rice under
drought condition. Results showed that most of the cultivars (V1, V4, V5) produced good yield (showed
insignificant yield reduction) under drought condition compare to normal irrigated condition. In general, under
field condition, levee height of 20 cm showed positive impact on yield. Levee management and life-support
supplemental irrigation (when necessary) can facilitate good yield of several cultivars (V1, V2, V4, V5). These
cultivars seemed appropriate for cultivation in drought-prone areas.
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