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Abstract

Water stress in a climate change scenario is one of the major threats for sustainable rice productivity. A certain level of
drought can cause considerable yield losses. Combining drought resistance with yield potential is the most promising
challenge for the rice breeders. The present study was conducted using eight rice genotypes of diverse origin to explore their
response against variable drought stress. Two water stress treatments for one week and two weeks were given sixty days after
seeding. Significant differences for genotypes and water stress levels were observed from phenotypic performance.
Correlation studies indicated a positive and significant association of paddy yield with spikelet fertility and 1000 grain weight.
Rice genotype IR55419-04 showed least effect of water stress treatments for 1000 grain weight i.e., 6.28% and 10.44%
reduction, spikelet fertility percentage with 19.99% and 40.01% reduction and the paddy yield per plant of 24.97% and
51.35% under one week and two weeks water stress, respectively. On contrary, Basmati 2000 and Super Basmati were
found to be the most sensitive to drought for paddy yield with 92.8% and 91.5% reduction under severe water stress given
for two weeks, respectively. The existence of enough amount of genetic variability might be a result of diverse source of the
present stock. Rice strain ‘IR55419-04’ showed the potential for drought stress tolerance amongst all the tested genotypes and
needs attention of the breeders to explore the genetic tolerance through modern mapping techniques and then incorporating
it through advance biotechnological approaches like marker assisted backcrossing into elite varieties. © 2014 Friends
Science Publishers
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Introduction particular growth stages like other cereals. A certain level of

drought at the vegetative stage can cause a moderate
Climate change is anticipated to explain for about 20 reduction in yield, but the same stress can purge yield
percent of the global increase in water scarcity this century. entirely if it coincides with pollen meiosis or fertilization
Intergovernmental Panel on Climate Change (IPCC, USA) (O’Toole, 1982). In few cases, superior response to
has predicted that fluctuations in precipitation patterns ~ Vvegetative stage stress is linked with better performance
around the world due to global warming resulting in under reproductive stage stress, but in many cases
extremes of droughts and floods. Irrigated agriculture apparently successful strategies at the reproductive stage
accounts for 20% of cultivated land but contributes about may be unproductive when stress prevails at flowering
40% of the global harvest. In this sector, there is an stage (Pantuwan et al., 2002b). Progress in direct selection
alarming situation for the future of water availability and for improved yield under drought and the use of managed

food security worldwide (Davis, 2007). environments testing has made to facilitate progress in
Rice is of semi aquatic phylogenetic origins and the breeding drought tolerant rice (Chang et al., 1982; Fischer et
choice of rice ecosystems and growing conditions is diverse al., 2003; Pinheiro and de Almeida, 2003).
(O’Toole, 2004; Bibi et al., 2013). The sustainability of rice The ability to tolerate the water stress differs greatly
production is endangered by increasing irrigation water among rice genotypes. Japonica varieties like Azucena and
scarcity. Approximately 500 L of water is needed to Morobereken have shown their greatest ability to produce
produce 1 kg of biomass in the case of irrigated rice (Jodo, some grains with prolonged moderate water shortage
1995; Cho and Oki, 2012). However, actual water (Mackill et al., 1996). Reasonable drought tolerant levels
requirements for irrigation are far more for paddy rice i.e., have also been observed in early maturing aus and indica
about 3000 to 5000 L to harvest one kilogram of rice under rice varieties namely N22 and Dehula grown traditionally in
irrigated ecosystem (Hossain and Fischer, 1995; IRRI, India (Lafitte and Courtois, 2002). Limited deep rooting and
2001; Hoekstra, 2008). weaker ability to extract water from soil layer are associated

On other hand, rice is more prone to water deficit at with most of the rice varieties well adapted to anaerobic
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ecosystems (Lilley and Fukai, 1994). Certain rice varieties
of indica group including Nam Sagui 19 from Thailand
have ability to tolerate tissue moisture stress with good
yielding ability and thus have served as parental lines in
many genetic improvement programs.

Reports on variable drought tolerance have indicated
its complex genetic nature. Considering the tolerance as the
ability to maintain leaf area and growth under extended
water stress at vegetative stage, then the main basis of
variation seems to be constitutive roots architecture that
permits maintenance of favorable plant water status
(Nguyen et al., 1997). In adaptive response of roots
distribution in dried soil, differences have also been reported
(Azhiri-Sigari et al., 2000; Liu et al., 2004). In both
constitutive and adaptive root systems, the mechanisms
underlying genetic differences may be the involvement of
signals sensitivity that affects root elongation and branching
(Bao et al., 2004; Ge et al., 2004). Stress between panicle
initiation and pollen meiosis results in delayed flowering
due to an apparent delay in floral parts development
(Kathiresan et al., 2006). It has been documented that only
part of genetic variation in delayed flowering under drought
is dependent on plant water status (Pantuwan et al., 2002b).
Drought also has adverse effect on starch deposition process
in pollen grain which normally starts three days prior to
anthesis resulting in reduced anther dehiscence. Genetic
variation for anther dehiscence to deficit water has been
reported (Liu et al., 2006). Drought at heading results in
panicle desiccation. Genotype specific mechanisms may be
important to check panicle failure due to its ability to refill
cavitated xylem vessels in shoots (Stiller et al., 2003).
Genotypes capable of maintaining shoot water potential
have an advantage under water stress.

The objective of this study was to explore the genetic
differences among the local and exotic rice varieties for
tolerance under variable moisture stress regimes. The
information obtained will be utilized in the future breeding
programs for rice crop improvement to address the food
security and poverty alleviation issues in climate change
scenario.

Materials and Methods

Crop Husbandry

The experiment was conducted in the green house at
National Institute for Biotechnology and Genetic
Engineering, Faisalabad, Pakistan (11° 26' N 73°16' E,
184.4 m above sea level) during summer, 2007. In addition
to local rice varieties Super Basmati, Basmati 2000 and
KS282 developed at Rice Research Institute, Kala Shah
Kaku, five exotic rice genotypes developed by International
Rice Research Institute, Philippines were included in the
study. The seed of 8 rice genotypes were sown on the raised
wet beds. Proper management practices were done for
healthy seedlings. Earthen pots (25 cm diameter — 45 cm
depth) were filled with homogenized NIBGE field soil
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mixed with canal silt (1:2). It was ensured that each pot had
no hole in the bottom. In order to settle down the soil, the
pots were saturated with water for few days before
transplanting of the rice seedlings. The soil level was set
aside about 5 cm below the edge of the pots. The
experiment was laid out in factorial design under
randomized completely block design with three repeats. The
pots were divided into 3 groups for different levels of water
treatments i.e., well watered-control, one-week water stress
and two weeks water stress imposed 60 days after seeding.
The total pots in each group were 24. Thirty days old
seedlings were transplanted into the pots. Half dose of
nitrogen (N), full doses of phosphorus and potassium
fertilizers were applied @120-60-50 kg ha™ as a basal
before transplanting of the rice seedlings. Remaining half
dose of N was applied at 15 days after transplanting (DAT)
of seedlings. The pots were watered thrice a week to
maintain the soil near field capacity for the whole duration
of the experiment in control treatment and for the first 30
DAT in stress treatments. Water stress treatments were
protected from rain during the stress periods. The pots were
re-irrigated at 67 and 74 days after seeding (DAS) in stress
treatments, respectively.

Data Collection

The Standard Evaluation System for Rice prepared by
International Rice Research Institute, Philippines was used
for the description of the recorded plant traits for this study
(Anonymous, 2002). Plant height was measured from the
ground level to the tip of the panicle by using a measuring
rod. For number of fertile tillers per plant, actual counts of
the total number of tillers bearing panicles per plant were
recorded in both the treatments at harvest. Days to 50%
flowering were recorded as the number of days taken from
seeding to the appearance of 50% panicles from sheath.
Similarly, maturity days are the actual count of the days
from seeding to grain ripening of 85% florets on the
panicles. Five panicles from each entry were harvested
separately for calculating the spikelet fertility percentage.
The fertile florets were identified by pressing the spikelets
with finger. Fully filled grains and unfilled grains were
counted and spikelet fertility was calculated by the formula:

Spikelet fertility (%) = (fully filled grains/total number of spikelets) x 100
No. of panicles

Fertile and fully filled 1000 grains from a bulk of five
panicles were counted manually and grain weight was
measured. At maturity, the plants of each variety from three
moisture regimes were manually harvested and threshed
separately. The paddy weight of the harvested plants was
taken in grams by using the electric balance. The paddy
yield per plant was adjusted at 14% moisture by the
following formula:

Paddy yield (14% WC) = Weight of paddy x [(100-observed WC)/86]

Where, WC is moisture content
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The observed moisture was measured at the time of
weighing by using moisture meter. Relative performance of
each plant trait was estimated using following formula:

Relative performance (%) = 100 x [1-(performance
under stress/performance under control condition)]

Statistical analysis

Analysis of variance (ANOVA) and mean comparison
within and between genotypes using Least Square
Differences (LSD) test were performed using Statistix v8.1
package (USA). Pearson product-moment correlation
coefficient analysis (Pearson, 1896) was performed for
assessment of associations among studied plant characters.
Components of variance were calculated by the equation
proposed by Burton (1952). Phenotypic variance (VP or
op?) represents the total variance present in a population for
a specific character and is calculated by the formula (op?) =
og® + oe’ where, og® and ce’ are genotypic and error
variances, respectively. The genotypic variance (VG or 6g°)
is the variance due to the genotypes existing in the
population and was calculated by the following formula:

MSSt — EMS
6gl=——"——
r

Where, MSSt, EMS and r represent the mean sum of
squares due to treatment, error mean sum of squares and
number of replications, respectively. Similarly, the
environmental variance (Ve or ce?) denotes for the variance
due to environmental influences i.e., Ve = EMS.

Broad sense heritability (h?) is the ratio of genotypic
variance to the total variance. It is the portion of total
variability or phenotypic variability, which is heritable and
is due to the genotype. It was calculated by the following
formula (Simmonds and Smartt, 1999).

2 __V8
bs " ypive

X 100

Where, Vg = genotypic variance and Vp = phenotypic
variance.

Results

Performance of Rice Genotypes under Different Water
Treatment Levels

Significant differences (P<0.01) were present among the
genotypes for plant height, number of fertile tillers per plant,
days to 50% flowering and maturity, 1000 grain weight and
paddy vyield per plant (Table 1). The effect of water
treatment levels and interaction between water treatment
levels and genotypes was also significant for all the traits.
Under well watered control conditions the plant
parameters viz. plant height (cm), number of fertile tillers per
plant, days to 50% flowering, maturity days, paddy yield per
plant (@), spikelet fertility (%) and 1000 grain weight (g)
varied from 94.3 to 124.3, 9.0 to 22.7, 75.0 to 105.7, 105.0 to
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138.7, 8.38 to 17.83, 80.10 to 91.47 and 20.86 to 23.65,
respectively (Table 2). The water stress levels affected
adversely and resulted in significant relative percent
reduction of all the plant traits. The highest relative reduction
(42.2%) due to one week stress was observed for paddy yield
per plant followed by 34.4% for spikelet fertility, 32.4% for
plant height, 18.9% for number of tillers per plant and 10.5%
for 1000 grain weight, whereas opposite response for delay
in days to 50% flowering (4.2%) and maturity (3.1%) was
recorded (Table 3). Under severe water stress conditions,
again maximum relative reduction was recorded for paddy
yield per plant i.e., 78.1% followed by 70.6% for spikelet
fertility, 44.3% for plant height, 31.8% for number of tillers
per plant and 14.0% for 1000 grain weight. On exposure to
severe water stress, days to 50% flowering and maturity
were extended by 11.5% and 8.5%, respectively.

Among genotypes, maximum plant height was
attained by Basmati 2000 followed by IR55419-04 and
Super Basmati whereas minimum plant height was recorded
for IR74371-3-1-1 under well watered control (Table 2).
Under stress conditions, plant height substantially reduced
with increasing water stress level. Basmati 2000 and
IR55419-04 produced plants with maximum height under
both stress levels and this increase was statistically similar
to IR71525-19-1-1 for one week stress and followed by
Super Basmati for two weeks stress. IR71525-19-1-1
exhibited the least relative plant height reduction (%)
followed by IR64683-87-2-2-3-3 when exposed for one
week stress, whereas the maximum relative reduction (%)
effect was noticed in Super Basmati (Table 3). KS282
showed maximum sensitivity in terms of reduction (%) in
plant stature followed by IR78875-131-B-1-4 and Basmati
2000, while IR71525-19-1-1 displayed the minimum
adverse effect under two weeks stress.

Maximum number of fertile tillers per plant were
exhibited by IR78875-131-B-1-4 and followed by IR74371-
3-1-1 and KS282, whereas IR71525-19-1-1 exhibited the
minimum fertile tillers per plant under fully irrigated control
conditions (Table 2). The water stress conditions reduced
number of fertile tillers per plant with the depleting water
levels except for Basmati 2000 with no reduction under one
week stress. Rice genotype IR78875-131-B-1-4 produced
maximum fertile tillers under both water stress levels
followed by IR74371-3-1-1 and was statistically different
from KS282 under one week stress and IR64683-87-2-2-3-3
under both stresses. Minimum number of fertile tillers per
plant was observed on IR71525-19-1-1 followed by
Basmati 2000 and IR 64683-87-2-2-3-3 when grown under
severe water stress (Table 2).

Maximum days for 50% flowering were recorded for
Basmati 2000 followed by IR74371-3-1-1 and Super
Basmati, whereas IR78875-131-B-1-4 took minimum days
for 50% flowering under full irrigation (Table 2). Exposure
to water stress delayed heading. Basmati 2000 was the
most late flowering under water stress conditions followed
by IR 74371-3-1-1, which was statistically similar to Super



Response of Rice to Moisture Stress Regimes / Int. J. Agric. Biol., Vol. 16, No. 1, 2014

Table 1: Analysis of variance (ANOVA) of different agronomic parameters of rice genotypes

Sov Df Plant height ~ Number of fertile Days to 50% Maturity days Paddy yield per  Spikelet Fertility 1000 grain
(cm) tillers per plant Flowering plant (g) (%) weight (g)
Variety (V) 7 454 27** 129.32** 940.39%* 1058.25** 48.83** 419.09** 11.00**
Stress(S) 2 13965.2%*  118.43** 666.17** 666.16** 725.72%* 22264.2%* 62.92%*
VxS 14 36.88** 6.56%* 44.96%* 44,.93%* 8.42%* 146.27** 0.365*
Error 46 4520 2.401 0.841 0.841 0.285 10.042 0.218
Total 71
CV% 2.71 13.44 0.96 0.72 6.34 5.65 2.29
*and ** are significance levels at P<0.05 and P<0.01, respectively
Table 2: Performance of rice genotypes under different water treatment levels for agronomic and yield traits
Treatment Plant height (cm) ~ Number of fertile  Daysto50%  Maturity days  Paddy yield per Spikelet 1000 grain
tillers per plant flowering plant (g) fertility (%) weight (@)
Control
Super Basmati 112.0+1.65° 10.0+0.71% 99.3+0.33"° 132.3+0.33"  11.5+0.93¢ 86.24151%  21.4+0.87°
Basmati 2000 124.3+3.63% 9.0+0.47" 105.7+0.47%  138.7+0.47° 11.0+0.18¢ 85.242.96%  225+0.98"
KS282 98.0+1.83 @ 17.0+0.85° 99.7+0.83° 132.7+0.83°  16.6+0.31® 82.8+1.88°  23.7+1.04°
IR55419-04 114.3+1.04° 11.3+0.65¢ 85.3+0.67°¢ 115.3+0.70¢ 14.8+0.73° 88.241.85®  236+1.27°
IR 71525-19-1-1 102.7+1.12°¢ 7.7+0.58¢ 79.0+0.99¢ 112.0+1.00°  8.3+0.52° 80.1+3.65°  20.9+0.98°
IR 74371-3-1-1 94.3+3.05¢ 17.740.71° 100.7+¢1.30°  130.7+1.30° 17.8+0.21° 85.242.81%  225+0.97"
IR 64683-87-2-2-3-3 101.0+0.50°¢ 15.7+0.62° 86.7+0.67°¢ 116.7+0.70¢ 16.3+0.16° 915+154%  21.240.95°
IR 78875-131-B-1-4 95.3+1.84 ¢ 22.7+1.76° 75.0+2.00° 105.0+2.00° 16.2+0.54° 90.8+0.94®  22.5+0.88"
LSDqgs 481 2.66 1.50 1.49 1.34 8.02 0.87
One week water stress
Super Basmati 70.5+1.34> 8.0+0.50¢ 105.3+1.08°  138.3+1.08"  5.4+0.28¢ 51.7+41.99°  19.0+0.88%*
Basmati 2000 78.7+1.26° 9.0+0.62% 109.0£2.59°  142.0+2.60°  55+0.18¢ 55.4+0.63%  19.9+0.68°
KS282 64.7+1.45° 12.3+1.56"° 97.3+2.15¢ 130.3+2.15¢  7.5+0.19° 58.0+#455°  20.8+0.49°
IR55419-04 77.3+1.36° 8.3+0.82¢ 92.3+1.86¢ 122.3+1.86° 11.1+0.42° 70.6+1.16°  22.1+0.55°
IR 71525-19-1-1 73.742.46%® 7.3+0.53¢ 78.3+4.07° 112.3+4.07° 5.4+0.77¢ 52.1+0.70°  18.4+053°
IR 74371-3-1-1 66.2+0.26% 14.3+1.77° 104.7+¢1.31°  134.7+#1.32°  9.8+0.16° 58.8+2.75°  19.740.35%
IR 64683-87-2-2-3-3 71.740.46™ 11.7+0.88" 91.0+3.44¢ 121.043.45¢ 9.4+0.69° 60.4+1.85°  18.8+0.53°
IR 78875-131-B-1-4 66.5+2.73%¢ 18.0+1.312 78.3+2.33° 108.3+2.34%  10.8+0.31% 454+102°  20.8+0.45°
LSDos 3.29 3.05 1.68 1.68 0.75 5.31 0.79
Two weeks water stress
Super Basmati 62.5+0.55> 6.740.47° 104.3+0.71°  137.3+0.72° 1.0£0.03" 9.0+0.76¢ 18.6+0.33¢
Basmati 2000 68.7+0.80° 8.3+0.58% 112.3+1.72%  145.3+1.72°  0.8+0.03f 17.0+1.05° 19.2+0.64%
KS282 52.7+1.18° 9.740.41 94.0+0.55f 127.0£0.56¢ 1.7+0.09° 20.7+1.32° 19.5+0.66™
IR55419-04 63.3+0.82° 6.7+0.33° 100.0£0.62¢  130.0+0.62°  7.2+0.18% 52.9+0.98%  21.1+0.76°
IR 71525-19-1-1 59.7+1.13% 7.3+0.50° 98.0+0.41° 131.0+0.42° 2.7+0.08¢ 26.1+0.76°  18.0+0.79
IR 74371-3-1-1 52.2+0.91° 11.7+0.60° 107.740.53%  137.7+0.53"° 3.0+0.11¢ 24.1+1.86%  19.4+0.56"
IR 64683-87-2-2-3-3 57.7+0.71¢ 10.7+0.50™ 105.3#0.29°  135.3+0.30° 45+0.15° 31.240.82°  17.5+0.63f
IR 78875-131-B-1-4 52.5+1.12°¢ 14.7+0.692 81.7+0.24¢ 111.7+0.25° 3.740.13° 21.8+0.39%®  19.9+1.51°
LSDggs 3.29 1.83 1.42 1.43 0.61 2.86 0.61

*Means having different letters differ significantly

Basmati under one week stress. The least delay in 50%
flowering due to one week water stress was recorded for the
rice genotype IR71525-19-1-1 followed by Basmati 2000
and KS282, while Super Basmati showed minimum days to
flower under severe water stress (Table 3).

Basmati 2000 achieved maturity delayed followed by
KS282 and Super Basmati, whereas IR78875-131-B-1-4
took minimum days to mature under well watered treatment
(Table 2). Maturity was delayed in all the genotypes under
water stress conditions. Maximum maturity days were
recorded for Basmati 2000 followed by Super Basmati that
was statistically similar to IR74371-3-1-1 under severe
water stress conditions. Moreover, IR78875-131-B-1-4 was
the earliest maturing rice variety under water stress levels
(Table 3).

Maximum paddy yield per plant was produced by rice
genotype IR74371-3-1-1 and KS282 statistically while
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minimum for IR71525-19-1-1 under fully irrigated control
conditions (Table 2). Data revealed substantial yield
reduction due to water stress levels. Genotype IR55419-04
produced maximum paddy yield per plant under both stress
levels and was statistically not similar for IR78875-131-B-
1-4 under one week stress. Minimum paddy yield was
recorded for Super Basmati and IR71525-19-1-1 statistically
similar with Basmati 2000. Nonetheless, Basmati 2000 and
Super Basmati suffered the most under severe water stress.
Maximum spikelet fertility percentage was exhibited
by IR64683-87-2-2-3-3 and was not significantly different
from IR78875-131-B-1-4, IR55419-04, Super Basmati,
Basmati 2000 and IR 74371-3-1-1 under well watered
conditions (Table 2). Exposure to one week water stress, the
highest spikelet fertility percentage was observed for
IR55419-04 followed by IR64683-87-2-2-3-3 and was
statistically similar to IR74371-3-1-1, KS282 and Basmati
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Table 3: Relative percent reduction in different plant traits of rice genotypes under water stress conditions

Genotype Treatment Plant height Number of fertile Days to 50% Maturity Paddy yield per Spikelet 1000 grain
(cm) tillers perplant ~ flowering  days plant (g) fertility (%) weight (g)
Super Basmati One week water stress 37.1 20.0 -6.0 -45 53.3 40.2 11.2
Two weeks water stress ~ 44.2 333 -5.0 -3.8 91.5 89.6 13.0
Basmati 2000 One week water stress 36.7 0.0 -3.2 -2.4 50.0 35.0 11.7
Two weeks water stress  44.8 74 -6.3 -4.8 92.8 80.0 149
KS282 One week water stress 34.0 275 -35 -2.6 55.1 30.3 12.0
Two weeks water stress  46.3 43.1 -6.0 -4.5 89.7 75.0 175
IR55419-04 One week water stress 324 26.5 -8.2 -6.1 25.0 20.1 6.3
Two weeks water stress ~ 44.6 411 -17.2 -12.7 514 40.1 10.4
IR 71525-19-1-1 One week water stress 28.3 44 -0.9 -0.6 35.1 35.0 119
Two weeks water stress  41.9 44 -24.1 -17.0 67.9 67.5 13.6
IR 74371-3-1-1 One week water stress 29.9 189 -4.0 -3.1 45.0 31.2 12.2
Two weeks water stress ~ 44.7 34.0 -7.0 54 83.0 71.7 13.9
IR 64683-87-2-2-3-3  One week water stress 29.0 255 -5.0 -3.7 41.8 34.1 115
Two weeks water stress ~ 42.9 319 -215 -16.0 72.3 65.9 17.4
IR 78875-131-B-1-4  One week water stress 30.2 20.6 -4.4 -3.2 329 50.3 7.6
Two weeks water stress ~ 44.9 35.3 -8.9 -6.4 77.0 76.0 11.3

*negative sign shows delay in trait expression

Table 4: Genetic parameters for various quantitative traits of rice varieties

Character Variances Broad Sense Heritability (h°y)
Genotypic (og%) Phenotypic (op) Environmental (ce?)
Plant height (cm) 149.92 154.44 452 94.3
Number of fertile tillers per plant 4231 4471 2.40 89.8
Days to 50% flowering 313.18 314.02 0.84 99.5
Maturity days 352.47 353.31 0.84 99.5
Paddy yield per plant (g) 16.18 16.47 0.29 96.6
Spikelet fertility (%) 136.35 146.39 10.04 87.2
1000 grain weight (g) 3.59 3.81 0.22 89.2

2000, whereas IR78875-131-B-1-4 had minimum for
spikelet fertility percentage. Under severe water stress,
IR55419-04 had maximum spikelet fertility percentage
followed by IR64683-87-2-2-3-3 while Super Basmati was
categorized as the most sensitive (Table 3). The most
adverse effect of water stress treatments was observed on
IR78875-131-B-1-4 and Super Basmati.

Maximum 1000-grain weight was recorded for KS282
and significantly similar to IR55419-04 followed by
Basmati 2000, IR64683-87-2-2-3-3 and IR 78875-131-B-1-
4 under well watered conditions (Table 2). Under water
stress conditions, the highest 1000 grain weight was
recorded for IR55419-04 followed by IR 78875-131-B-1-4
and KS282. Minimum 1000 grain weight was recorded for
IR64683-87-2-2-3-3 and was statistically similar with IR
71525-19-1-1 under both stress levels. The relatively
maximum 1000 grain weight was for IR55419-04 with
minimum reduction.

Estimates of Components of Variance

A wide range of phenotypic variance (Vp) and genotypic
variance (Vg) were estimated for various traits (Table 4).
The highest value of Vp (353.31) and Vg (352.47) were
recorded for maturity days. The estimates of phenotypic and
genotypic variances were 314.02 and 313.18 for days to
50% flowering, plant height (154.44 and 149.92), number of
fertile tillers per plant (44.71 and 42.31), paddy yield per
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plant (16.47 and 16.18) and 1000 grain weight (3.81 and
3.59) (Table 4).

Broad Sense Heritability

Heritability estimated for seven quantitative characters of
rice genotypes, ranged from 87.2% (spikelet fertility %) to
99.5% (maturity days and days to 50% flowering). The
broad sense heritability estimates for other traits viz.; paddy
yield per plant, plant height, number of fertile tillers per
plant and 1000 grain weight were 96.6%, 94.3%, 89.8% and
89.2%, respectively.

Correlation Studies

The correlation analysis revealed the association of different
plant traits with each other under various moisture treatment
levels (Table 5). Plant height showed highly significant
(P<0.01) and negative association with number of fertile
tillers per plant under all moisture treatment levels while a
positive association with days to 50% flowering and
maturity days (under control and two weeks stress) and
spikelet fertility percentage (under one week stress) was
found. The impact of number of fertile tillers per plant on
50% flowering days and maturity days (under all water
treatment levels) and spikelet fertility percentage (one week
stress) was significant but depressing in nature, whereas it
showed positive and significant association with paddy
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yield (under control and one week stress), spikelet fertility
percentage (control) and 1000 grain weight (control). The
results indicated that days to 50% flowering were strongly
associated with maturity days under all water treatments but
its correlation with paddy yield (under stress conditions) and
1000 grain weight (two weeks stress) was significantly
negative. The influence of maturity days on paddy vyield
(water stress levels) and 1000 grain weight (severe water
stress) was significantly negative. Both spikelet fertility %
and 1000 grain weight showed positive and significant
influence on paddy yield. Similarly, a significantly positive
association of spikelet fertility percentage with 1000 grain
weight was found under water stress levels (Table 5).

Discussion

Significant differences for all traits due to genotypes and
water stress levels proposed that the genotypes were
genetically different and the impact of different water levels
was considerably important for their performance. It
indicates that there is sufficient scope to select the promising
genotypes from the present study for yield and some other
economic plant traits. The existence of enough amount of
genetic variability (Table 4) might be a result of diverse
source of the present stock studied as well as environmental
factors that influence the phenotypic performances. There is
significant variation in yield and yield components in rice
germplasm worldwide (Cheema et al., 2004; Ishwar et al.,
2007; Ouk et al., 2006; Singh et al., 2006).

The interaction between genotypes and moisture
regimes was significant confirming that testing across a

range of water levels is essential to identify superior
genotypes. Selection under severe stress can lead to better
improvement in drought tolerance but the identification of
target stress level /environment for which the selection is
being done is very important (Bernier et al., 2008; Serraj et
al., 2011; Venuprasad et al., 2011). Rice genotypes show
significant interactions with environment (Atlin, 2003; Atlin
et al., 2006; Lafitte et al., 2007). Selection for yield under
reproductive stage stress is much better for improved yield
of rice under drought especially for terminal drought
environments (Atlin, 2003; Kumar et al., 2008). Guan et al.
(2010) suggested that severe stress at vegetative and
reproductive stage are needed to screen segregating
populations because variable types of stress imposition
expose genetic variation due to underlying different drought
tolerance mechanisms. The stress imposed in the present
study coincided more or less at the onset of reproductive
stage as observed from a very low level of spikelet fertility
especially under severe stress (Table 2). It has been
documented that biomass production (plant height and
number of tillers per plant) is more affected under
vegetative stage stress whereas severe effects on sink size
(spikelet fertility, 1000 grain weight and seed yield) under
reproductive stage stress would be resulted (Guan et al.,
2010).

Under well watered conditions, the absorption and
transport of water and nutrient are higher due to high soil
water potential. Soil moisture stress decreases nutrient
transport to the root surfaces and roots are unable to absorb
nutrients from the soil. Water stress affects nutrient uptake
by changing nutrient capability of mycorrhizal or non-

Table 5: Pearson-Correlation coefficients comparisons for various plant traits under various moisture treatment levels

Variable Treatmentt  PLHT? Till# DTF MYDY YLD SF
Till# C -0.71**
s1 -0.62%*
S2 -0.67**
DTF C 0.44* -0.29*
S1 0.12 -0.28*
S2 0.49* -0.48*
MYDY C 0.47* -0.35* 0.99**
S1 0.13 -0.33* 0.99**
S2 0.52%* -0.54%* 0.99**
YLD C -0.56** 0.80** -0.01 -0.10
s1 -0.24 0.53** -0.31* -0.42*
S2 -0.09 0.06 -0.29* -0.40*
SF C -0.03 0.38* 0.14 -0.20 0.34*
S1 0.38* -0.32* 0.26* 0.21 0.34*
S2 0.07 -0.15 -0.10 -0.19 0.92**
GWT C 0.07 0.30* 0.16 0.13 0.48* 0.04
S1 -0.02 0.08 0.01 -0.03 0.56** 0.40*
S2 -0.01 0.04 -0.29* -0.32* 0.42** 0.45**

C=Control (Well watered); S1=One week water stress and S2=Two weeks water stress

’PLHT=Plant height; Till#=Number of tillers per plant; DTF= Days to 50% flowering;

GWT=1000 grain weight
*and ** show the significance at P<0.05 and P<0.01 respectively
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YLD=Paddy yield per plant; SF=Spikelet fertility % and
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mycorrhizal roots (Rennenberg et al., 2006) and finally
results in decreased plant growth (Table 2).

It is a well-established that drought tolerant cultivars
have the ability to produce more stable yields under water
stress conditions than sensitive ones (Mackill et al., 1996;
Lafitte et al., 2006; Guan et al., 2010). Rice lines used in
this study exhibited tremendous yield variation as a result of
water stress imposed. Varieties developed for irrigated
ecosystems are more prone to drought stress (Lafitte et al.,
2007; Serraj et al., 2009). Local varieties bred for irrigated
conditions showed more sensitivity to water stress than the
exotic rice genotypes developed for rainfed upland
conditions (Table 2). The possible explanation might be that
the sensitive cultivars of irrigated environment has not
shown the adaptability to water stress due to poor response
of the root system to grow deeper with depleting soil water
status thus unable to extract water from the deeper soil
layers (Kondo et al., 2003; Gowda et al., 2011). The
cultivars with poor root penetration ability have been
reported as drought sensitive (lkeda et al., 2007).

Local variety Super Basmati was extremely sensitive
to both stress levels (Table 2) and a critical analysis on the
yield related parameters of this genotype revealed that
reduction was partly contributed by loss of spikelet fertility
percentage, reduced 1000 grain weight (shrinked grain size)
and decreased number of fertile tillers per plant resulting in
poor yield under water stress conditions (Table 2). The
increase in spikelet sterility is supposed to be associated
with diminishing rate of translocation of assimilates from
other plant parts to the panicles and with induced pollen or
ovule abortion under drought ( Davatgar et al., 2009;
Magsood et al., 2012). The decrease in grain size results in
reduced 1000 grain weight (Majeed et al., 2011). The grain
size is usually conservative (Sadras, 2007) but is mainly
reduced by fall in assimilate and nitrogen availability to
floral parts under water stress. In addition, decreased
photosynthetic activity under water stress ultimately affects
the crop growth (Cornic, 2002) and grain-filling process
becomes increasingly reliant on stem  reserve
mobilization/utilization (Blum, 2005), which is related to
yield under water stress in rice (Yang et al., 2002). Reduced
grain size, reduced spikelet fertility percentage and decrease
in yield under moisture stress environment has been
reported in rice (Lafitte et al., 2004; Atlin et al., 2006;
Kumar et al., 2006; Centritto et al., 2009; Davatgar et al.,
2009; Fukai et al., 2009; Henry et al., 2009; Serraj et al.,
2009; Luo, 2010; Gowda et al., 2011; Boopathi et al., 2013)
confirms present study findings.

Delayed heading due to water stress is a common
strategy in most of the rice cultivars (Lilley and Fukai,
1994; Lafitte et al., 2006) as observed in all the genotypes
of present study (Table 2). This might allow the cultivars to
confer a little benefit under temporary drought spell (Lafitte
et al., 2006). But the timing and intensity of water stress are
of high consideration. Delay in flowering followed by
prolonged maturity of rice genotypes has been reported
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earlier (Lafitte et al., 2007; Guan et al., 2010). In the present
study, the decrease in plant height 29.04-46.26% (Table 2)
was observed in all the genotypes under drought conditions
which might be due to either inhibition of cell elongation or
expansion on exposure to water stress as earlier reported
(Pantuwan et al., 2002b; Davatgar et al., 2009; Farooq et al.,
2009; Majeed et al., 2011).

IR71525-19-1-1 has shown the least adverse effect on
number of tillers per plant. The possible reason might be
that the variety completed its tillering phase with least
adverse effect on the trait. Rice genotype IR55419-04
exhibited a better level of tolerance for paddy yield under
both water stress levels than the rest of the genotypes (Table
2). This least adverse effect on yield of IR55419-04 was
partly contributed by relatively improved 1000 grain weight
and high spikelet fertility. The possible mechanism for
drought tolerance of IR55419-04 may be the drought
avoidance (either through deep rooting or stomatal
conductance) due to the fact that drought avoider genotypes
at reproductive stage have the ability to maintain better plant
water status around flowering and seed setting (Fukai et al.,
2009; Serraj et al.,, 2011). Atlin et al. (2006) has also
reported the genetic variation among rice varieties and
IR55423-01 was marked as the superior one that gave high
spikelet fertility percentage under water stress environment.
Use of highly tolerant and agronomic superior donor
genotypes can result in better improvements (Atlin, 2003).
Drought tolerant rice varieties Azucena and Bala have been
used for the development of new drought tolerant varieties
(Price et al., 2002). IR55419-04 has shown the potential for
drought stress tolerance amongst all the tested genotypes.
On the contrary, Super Basmati and Basmati 2000 appeared
to be the most sensitive genotypes to water stress.

Correlation studies revealed that a negative association
between grain yield and flowering days exist (Pantuwan et
al., 2002a; Kumar et al., 2006). A strong association of
spikelet fertility percentage with paddy yield indicated
exploitation of this interaction, while selecting a genotype
for moisture stress conditions and a strong association
between spikelet fertility and paddy yield (Ramakrishnan et
al., 2006; Tripathi et al., 2011). Similarly, a positive
correlation of 1000 grain weight with paddy yield indicates
that the decrease in paddy yield was contributed due to the
shrinkage of grain size and loss of spikelet fertility under
water stress conditions (Table 5). Kumar et al. (2011)
studied 40 rice genotypes under different environments and
found a positive strong association between grain yield per
plant and 1000 grain weight.

The genotypic variance estimates (Vg) help in the
measurement of the genotypic contribution to the expression
of a particular trait and gave evidence to associate the
genetic variability for different plant characters. Higher
phenotypic variance than the genotypic variance for all the
characters shows the impact of environmental influences on
these traits. Low values of differences in the estimates of
genotypic and phenotypic variances and higher values of
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genotypic variances compared to environmental variances
for all the parameters (Table 6) proposed that the variation
among the genotypes were predominantly contributed by
the genetic architecture of the genotypes with minimum
environmental effect and hence were heritable.

Heritability is referred as a measure of the level of
phenotypic variation resulted by the genes action. It reflects
the inherited genetic variability from the parents to the
offspring. High values (87.2-99.5%) of broad sense
heritability estimates indicate that the inheritance of these
characters is believed to be governed predominantly by
additive gene action (Panse, 1958) and these traits are
suitable for selection of suitable genotype. High heritability
for various plant traits in rice has been well established
(Kuldeep et al., 2004; Pandey et al., 2009; Sabesan et al.,
2009).

In conclusion, water stress affects the growth and
maturity period and influences the yield and yield related
traits but the tolerance of rice genotypes varied remarkably.
Significant genotype x environment interaction was
observed. The strong association of paddy yield with
spikelet fertility and 1000 grain weight suggested that these
plant traits should be considered as the secondary traits for
selection of genotypes under water stress environment.
Super Basmati, was the most sensitive to water stress
amongst the tested genotypes and IR55419-04 as tolerant to
water stress and invites the attention of the breeders to
explore the genetic tolerance through modern mapping
approaches and then incorporating it through advance
biotechnological ~ approaches like  marker assisted
backcrossing into the well adapted varieties.
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