Australian Journal of

Crop Science
AJCS 8(3):324-331 (2014) ISSN:1835-2707

Characterization of some Indian native land race rice accessions for drought tolerance at
seedling stage

Padmini Swain*', Mahender Anumalla? Smita Prusty®, Bishnu Charan Marndi? and Gundimeda
Jwala Narasimha Rao?

!Division of Biochemistry, Physiology and Environmental Science, Central Rice Research Institute, Cuttack -
753006, Odisha, India
“Division of Crop Improvement, Central Rice Research Institute, Cuttack -753006, Odisha, India

*Corresponding author:pswaincrri@gmail.com
Abstract

In rice, a major cereal, drought stress is one of the major constraints for production and yield stability in rainfed ecosystems. In an
effort to identify promising rice accessions having tolerance against drought, one hundred and thirty four land races that represent
different geographic regions of India and a few from Indonesia and Philippines were examined at the vegetative stage under both
field and laboratory conditions. Thirty-day-old seedlings were subjected to moisture stress and the experimental field conditions
include a ground water table at a depth of > 90 cm, low soil moisture content (10-12%) and high soil moisture tension (up to -50 kPa)
at 30 cm soil depth during the stress period. With an SES (Standard Evaluation System) score of 0-3 in the 0-9 scale, seventy eight
accessions were scored as tolerant with twelve having '0' score, eighteen with '1' and forty eight with the score ‘3’. Of the seventy
eight genotypes, thirteen had recorded yield over 1.0 t ha™ while the tolerant (CR 143-2-2) and susceptible controls (IR 20) recorded
2.70 t ha™ and zero yield respectively. The tolerant genotypes were also evaluated further against poly ethylene glycol-6000 induced
osmotic stress at both germination (-6 bar) and seedling stages (-8 bar and -10 bar). From the pooled data, six genotypes i.e. IRGC
12263, IRGC 636, IRGC 45699, IRGC 40275, IRGC 53989 and IRGC 51231 were identified as drought tolerant with good yield
potential (0.7-1.95 tha™) under stress conditions.

Keywords: Rice, Drought tolerance, Poly ethylene glycol, Seedling stage
Abbreviations: PEG_Polyethylene glycol; SES_Standard Evaluation System; HI_Harvest Index; LSD_Least significant difference;
EVV_Early vegetative vigor; BY_Biomass yield; SMC_Soil moisture content.

Introduction

Existence of genetic diversity for resistance/tolerance against 1988). The major criteria to evaluate the performance of
different biotic and abiotic stresses has special significance genotypes against drought under field conditions are drought
for the maintenance and enhancement of productivity in score, grain yield and spikelet fertility. Delayed leaf rolling
agricultural crops most specifically for rice (Oryza sativa L.), under water stress for dehydration avoidance is also an
a crop grown in varied agro-climates. Drought stress is one of important selection criterion as the genotypes that have the
the major constraints to rice production and yield stability in capacity to maintain high leaf water potential are known
rainfed upland ecology and estimates indicate that 70% of the shows less leaf rolling (Blum, 1988). Screening under
yield losses can be attributed to abiotic stresses, especially stimulated water stress conditions induced by osmotic
drought (Bray et al., 2000). Drought is a multifaceted stress substances having high molecular weight like polyethylene
condition with respect to timing and severity, ranging from glycol (PEG) for identification of tolerant genotypes against
long drought seasons where rainfall is much lower than drought is one of the popular approaches (Turkan et al., 2005;
demand, to short periods without rain where plants depend Landjeva et al., 2008). Polyethylene glycol is a non-
completely on available soil water (Lafitte et al., 2006). penetrating inert osmoticum that can lower the water
Incorporation of drought tolerance has always been a potential of nutrient solutions without being taken up or
challenge to plant breeders, because of the complexity of the being phytotoxic (Lawlor, 1970). It has been reported that an
trait that involve several physiological and molecular increase in drought stress by PEG was accompanied by a
mechanisms and different mechanisms often combine to sudden decline in moisture content of tissues (El-Tayeb and
confer drought tolerance (Wang et al., 2001; Parida and Das, Hassanein, 2000) as PEG mimics in a way similar to soil
2005). Drought at the vegetative stage can cause a moderate drying. This approach has been used to simulate drought
reduction in yield but the reproductive stage (from panicle stress in plants and selection of tolerant genotypes in
initiation to flowering) is recognized as the most critical stage different crops (Nepomuceno et al., 1998; Cherian and Reddy
at which drought stress can cause serious damage to the crop 2003; Badiane et al., 2004) and it was reported to be an
and can even entirely eliminate yield (O'Toole, 1982; Zhang, effective strategy for selection at the early growth stages of
2007). Evaluation of genotypes under field conditions in the rice (Jing and Chang, 2003).

dry season was found to be ideal for identification of drought In addition to seedling screening, the other commonly used
tolerant genotypes that are able to retain a large proportion of approach to determine the tolerance of genotypes against
green living tissues under soil water deficit both at vegetative drought is the assessment of the germination ability of the

and reproductive stages (Chang et al., 1974; De Datta et al.,
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Fig 1. The status of water table depth during the stress period (P1-Peizometer 1, P2-Peizometer 2 and P3-Peizometer 3).

seeds under induced water stress conditions. Screening with
aqueous solutions of poly ethylene glycol-6000 and mannitol
(Costa et al., 2004; Fanti and Perez, 2004) aided the
identification of cultivars having higher levels of tolerance to
drought in rice (Pirdashti et al., 2003).

The present study was an effort to identify genotypes having
tolerance to drought at vegetative stage through field
evaluation followed by assessment of the selected genotypes
against induced stress under controlled conditions.

Results

Phenotyping at seedling stage against drought stress under
field conditions

The major criteria chosen for identification of drought
tolerance are drought score, retention of a major proportion
of green living tissue under water deficit condition, spikelet
fertility and grain yield. During the stress period, ground
water table was below 90 cm for a major portion of the
drought stress period (Fig. 1) and the soil moisture content at
30 cm soil depth was 10-12%. With progressive decrease in
moisture content in the soil, an increase in soil moisture
tension (up to -50 kPa) was recorded (Fig. 2).

After recovery from the water stress, the crop was grown
till maturity and analysis of the data on the six important
agronomic traits including yield indicated wide variation for
all the traits and differences between genotypes are
significant (Table 1).The variation observed for different
traits was in the range of 44-120 days for days to fifty percent
flowering (DFF), 1.70 -7.09 tha™ for total biomass, 0.0 to
2.70 tha™ for grain yield and 0.01 to 0.23% for harvest index
(HI). The grain filling percentage varied from 0.8% (IR 20)
to 74.3% (IRGC 67720) and highest yield was recorded in
CR 143-2-2 (2.70 tha™), the tolerant control, followed by
IRGC 44975 (2.24 tha™®) and IRGC 12263 (1.95 tha™). Out of
78 accessions, six genotypes recorded more than 1.5 tha™
yield, seven genotypes between 1.0 to 1.5 tha®, and 20
genotypes between 0.5 to 1.0 tha® while the remaining 45
genotypes recorded less than 0.5 tha while IR 20, the
susceptible control, recorded zero yield. Biomass
accumulation was > 6.0 tha™ in 11 genotypes, > 5.0 tha™ in
six genotypes, > 4.0 tha™* in 21 genotypes while in the rest of
the genotypes, the value varied between 0 to 3.0 tha™.
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Phenotyping at germination and seedling stages under
chemically induced water stress

The PEG induced water stress inhibited germination, affected
both shoot and root growth of the genotypes. At ‘-6 bar’
moisture stress, only nine genotypes showed more than 40%
germination while 43 genotypes including the susceptible
control did not germinate at all, 11 genotypes had a value <
20% and for 12 genotypes, the frequency varied between 20 -
39% (Table 2). Three accessions i.e. IRGC 44975, IRGC
45699 and IRGC 53989 showed more than 80% germination
and in comparison, the two tolerant controls showed > 60%
germination only. However, when the stress was released
after 10 days, the germination has gone up to 80-90% in most
of the genotypes.

The second set of experiments was conducted with five
days old seedlings employing two levels of water stress. At ‘-
8 bar’ water stress, only 15 genotypes showed 100% survival
while 15 genotypes did not survive the stress resulting in
complete death of the seedlings. The other genotypes showed
varied levels of survival with 16 genotypes showing 90-
100%, 2 genotypes 80-90%, 12 genotypes 50-80% and the
others showing < 50% survival. When the water stress was at
‘-10 bar’, only 5 genotypes showed 100% survival followed
by 10 genotypes with 90-100%, 21 genotypes with 80-90%,
20 genotypes with 50-80%, 11 genotypes with less than 50%
survival while eight genotypes did not survive the stress
indicating a positive relationship between the level of
osmotic stress and the mortality rates. From the combined
data of the two experiments conducted with seedlings,
eighteen genotypes having 80-100% seedling survival were
identified as drought tolerant (Table 3). From the pooled data
obtained in three experiments (T;, T, Tz) conducted with
seeds and seedlings under induced osmotic stress, four
genotypes, IRGC 9175, IRGC 44975, IRGC 45699 and
IRGC 45992 were found to be highly promising.

Discussion

Rice crop is highly susceptible to water stress (Tao et al.,
2006; Yang et al., 2008) and the magnitude of yield losses
depends on the duration of water stress and stage of the crop
growth. One of the techniques employed for identification of
promising genotypes is screening of seeds and seedlings
against drought stress under simulated conditions using



Table 1. Morphological traits including yield and yield attributes of the genotypes.

S.NO Genotypes EVV DFF Fertility(%) BY Grain Yield HI
(tha™) (tha™) (%)
1 IRGC 55173 3 67 41.1 2.32 0.76 0.22
2 IRGC 63113 3 89 194 6.164 0.48 0.05
3 IRGC 74762 3 92 16.4 2.517 0.19 0.05
4 IRGC 67706 3 60 42.9 4.142 0.69 0.11
5 IRGC 74775 7 83 34.1 1.953 0.56 0.19
6 IRGC 74773 5 83 52.1 2.543 0.84 0.22
7 IRGC 67698 3 87 19.0 3411 0.26 0.05
8 IRGC 67730 7 60 33.3 2.089 0.54 0.17
9 IRGC 74734 3 60 67.5 3.261 0.93 0.19
10 IRGC 74779 5 83 31.3 7.328 0.82 0.07
11 IRGC 74777 5 71 65.7 4.315 0.88 0.13
12 IRGC 52785 7 60 16.5 6.791 0.22 0.02
13 IRGC 67720 1 74 74.3 4.998 1.50 0.2
14 IRGC 52734 3 76 12 4.679 0.14 0.02
15 IRGC 67699 3 74 15.6 4.61 0.17 0.02
16 IRGC 74774 5 73 26.9 2.758 0.55 0.13
17 IRGC 54656 3 74 16.7 4.188 0.23 0.04
18 IRGC 61127 5 83 4.1 2.268 0.13 0.04
19 IRGC 61133 3 74 10.1 2.29 0.15 0.04
20 IRGC 12485 5 73 55.1 4.67 0.84 0.12
21 IRGC 12254 5 112 4.3 1.927 0.15 0.05
22 IRGC 12685 1 73 50.5 3.107 1.94 0.41
23 IRGC 12166 1 60 11 5.682 0.12 0.01
24 IRGC 12331 3 83 21.9 2.565 0.47 0.12
25 IRGC 12254 1 70 25.6 4.775 0.38 0.05
26 IRGC 12485 3 60 13.2 4.462 0.17 0.03
27 IRGC 40972 3 83 17.8 4.996 0.46 0.06
28 IRGC 6663 1 60 721 6.593 1.37 0.14
29 IRGC 11099 5 115 16.3 2.293 0.14 0.04
30 IRGC 12380 3 120 04 1.729 0.09 0.03
31 IRGC 12603 1 60 5.6 4.177 0.13 0.02
32 IRGC 41216 1 77 28.5 5.363 0.36 0.04
33 IRGC 12263 1 56 53.1 6.972 1.95 0.18
34 IRGC 6294 3 73 60.9 4.658 121 0.17
35 IRGC 12894 1 60 34.1 3.601 0.62 0.11
36 IRGC 6264 1 47 515 4.855 1.20 0.16
37 IRGC 6298 5 83 21 3.902 0.12 0.02
38 IRGC 636 1 72 64.3 7.958 0.80 0.15
39 IRGC 9069 5 81 12.8 1.855 0.16 0.06
40 IRGC 11486 1 74 12.4 4.459 0.16 0.02
41 IRGC 13746 3 56 14.8 2.904 0.23 0.05
42 IRGC 9091 5 100 0.9 1.912 0.07 0.01
43 IRGC 3681 5 97 6.1 1.131 0.15 0.08
44 IRGC 3685 3 56 25.9 2.554 0.28 0.07
45 IRGC 3641 5 83 1.9 4.163 0.12 0.02
46 IRGC 63 5 74 16.8 6.613 0.43 0.04
47 IRGC 9175 5 83 13.3 2.248 0.13 0.04
48 IRGC 44975 3 60 72.9 6.491 2.24 0.23
49 IRGC 44976 3 60 68.5 3.066 0.96 0.21
50 IRGC 45701 3 99 20.1 2.996 0.64 0.14
51 IRGC 46047 7 74 5.8 6.345 0.13 0.01
52 IRGC 41234 3 83 12 2.58 0.08 0.02
53 IRGC 6274 3 83 1.8 3.847 0.13 0.02
54 IRGC 45699 3 100 30.9 5.99 1.03 0.11
55 IRGC 41019 1 80 34.3 3.443 1.00 0.19
56 IRGC 6144 3 79 74 1.739 0.15 0.06
57 IRGC 4819 5 74 52.2 4.709 1.22 0.17
58 IRGC 8887 3 73 26.9 2.758 0.55 0.13
59 IRGC 4895 7 83 1.8 4.503 0.14 0.01
60 IRGC 3742 3 72 58.2 4.95 1.38 0.18
61 IRGC 40275 1 72 2.8 2.777 0.11 0.03
62 IRGC 53989 1 47 57.7 3.722 0.87 0.15
63 IRGC 51932 1 60 27.8 3.305 0.35 0.07
64 IRGC 51971 5 99 6.3 2.013 0.14 0.05
65 IRGC 51923 3 44 51.9 6.775 1.70 0.17
66 IRGC 51903 3 72 23 4.615 0.12 0.02
67 IRGC 51774 3 83 8.8 2.18 0.15 0.05
68 IRGC 51231 1 60 38.9 4.878 0.72 0.12
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69 IRGC 51869 1 83 10.8 2.673 0.21 0.05
70 IRGC 17042 7 83 10.3 1.813 0.15 0.05
71 IRGC 39735 5 97 11.9 3.443 0.21 0.04
72 IRGC 13758 1 72 13 2.628 0.12 0.01
73 IRGC 41001 3 89 19.3 7.087 0.29 0.03
74 IRGC 45992 3 97 13.7 4.919 0.12 0.02
75 IRGC 12469 3 72 2.1 5.715 0.12 0.01
76 CR 143-2-2 3 90 68.6 5.949 2.70 0.17
7 Vandana 1 86 63.3 5.352 1.27 0.16
78 IR-20 5 90 0.8 2.863 0.00 0.02
LSD (5%) 2.13 4.79 8.93 0.50 0.02 0.16

40.0 3.9 19.0 8.0 11 373

(IRGC-International Rice Genome Centre; EVV- Early vegetative vigor; DFF-Days to 50% flowering; Fertility(%)-Percentage of
grain filling; BY t ha™’- Biomass yield t ha' Grain Yld/ t ha™- Grain Yield t ha™; HI-Harvest Index).
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Fig 3. Frequency distribution of genotypes with different drought tolerance scores (in SES scale 0-9).

polyethylene glycol and mannitol in solution cultures (Misra
et al., 2002; Costa et al., 2004; Blum, 2008). As germination
is severely affected under water stress, the survival rate of
genotypes has been employed as the selection criterion to
identify donors (Zeid and EI-Semary 2001; Kaboli and
Sadeghi, 2002; Li et al., 2005; Bermingham et al., 2006;
Nasirzadeh and Shookoh, 2006; Hassanpanah, 2009). In the
present study also, wide variation was observed among the
genotypes and three land races i.e. IRGC 44975, IRGC
45699 and IRGC 53989 showed higher levels of germination
than the two tolerant controls.

In the experiments where the five days old seedlings were
subjected to water stress at ‘-8 bar’ and ‘-10 bar’ treatments,
the genotypes showed wide variation in their survival rates.
While 15 genotypes showed 100% survival at ‘-8 bar’ stress
and only five genotypes showed 100% survival at ‘-10 bar’
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stress demonstrate the utility of the technique for
identification of donors. A total of eighteen genotypes were
identified as drought tolerant on the basis of their higher (80-
100%) rates of survival while four genotypes, (IRGC 9175,
IRGC 44975, IRGC 45699 and IRGC 45992) were identified
as most promising at all levels of osmotic stress conditions.
The reduction in germination and seedling survival that was
observed in the two experiments (T, T3) has corroborated the
findings reported in several crops like rice (Jiang and Lafitte
2007), maize (lbrahim et al., 2001), wheat (Khakwani et al.,
2011), sesame (Bahrami H et al., 2012), cotton (Gadelha
Meneses et al., 2011), Parkia pendula (Pereira Sousa et al.,
2012) and carrot (Perez-Fernandez et al., 2006) where it was
reported that an increase in the level of drought stress
significantly affects the germination. The germination in
drought sensitive genotypes is regulated by duration of



Table 2. The germination frequencies (%) of promising
genotypes under simulated stress (- 6 bar)

More than 40% germination under stress

Genotypes Germination
percentage under
stress condition

IRGC 67720 42.9

IRGC 74774 43.8

IRGC 6298 455

IRGC 9091 41.2

IRGC 9175 58.8

IRGC 44975 85.0

IRGC 45699 84.6

IRGC 53989 83.3

IRGC 45992 53.3

CR 143-2-2 75.0

(Tolerant control)

Vandana 64.3

(Tolerant control)

Table 3. Survival rates (%) of promising genotypes under
simulated osmotic stresses (-8 bar and -10 bar).

Genotypes Survival percentage
of germinated seeds
under osmotic stress
condition

IRGC 74762 100.0

IRGC 12254 100.0

IRGC 12685 80.0

IRGC 12263 100.0

IRGC 636 100.0

IRGC 13746 100.0

IRGC 51869 95.7

IRGC 9175 87.0

IRGC 44975 100.0

IRGC 45699 94.4

IRGC 8887 93.8

IRGC 3742 100.0

IRGC 40275 92.0

IRGC 51971 95.7

IRGC 51231 94.7

IRGC 17042 92.9

IRGC 45992 100.0

IRGC 12469 95.8

CR 143-2-2 70.0

(Tolerant control)

Vandana 66.6

(Tolerant control)

IR-20 0.0

(Susceptible control)

wetting and the amount of moisture in the growth medium
(Schutz and Milberg 1997; Gill et al., 2002).

In the field experiment, data on leaf rolling scored after 28
days of stress (when the susceptible control showed
permanent wilting) revealed that more than 50% genotypes
had a SES score up to “3” showing delayed leaf rolling and
fast recovery after re-watering on 28" day. Of the 134
accessions, 78 accessions were scored as drought tolerant on
the basis of the SES score “0-3” while 56 lines with SES
score ‘5-9” were scored as susceptible (Fig.3). However, out
of them, only thirty genotypes were identified as best for
vegetative stage drought (12 with score '0' and 18 with SES
score '1) as they showed early recovery (Table 4). As
drought severely affects the production and productivity of
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rice in field condition, selection for yield under water stress
was considered as important criteria (Yang et al., 2001;
Pantuwan et al., 2002; Kumar et al., 2008). As yield
reduction in rice is 65-85% under severe drought stress
situation compared to non-stress conditions (Kumar et al.,
2008), development of drought tolerant genotypes that
maintain good yield under drought is suggested as a priority
area of rice research for sustainable rice production (Swamy
et al., 2011). The yield data indicates that out of the 78
accessions, 13 genotypes recorded more than 1 tha®, 20
genotypes between 0.5 to 1 tha™ while the remaining 45
genotypes recorded less than 0.5 tha™ grain yield.
Comparison of promising genotypes indicated that two
genotypes IRGC 12263 and IRGC 45699 had more than 1
tha® and 3 genotypes IRGC 636, IRGC 53989 and IRGC
51231 had more than 0.7 tha™’. The fertility percentage varied
significantly among the genotypes and four genotypes (IRGC
44975, IRGC 12263, IRGC 636, IRGC 53989) and CR 143-
2-2, the tolerant control showed > 50% grain filling. The
yield data also indicates that some genotypes like IRGC
12263 and IRGC 45699 yielded more than 1 thal. It was
suggested that under drought stress condition, yield and yield
attributes have a higher phenotypic correlation with some of
the yield components like spikelet fertility, biomass and grain
numbers (Lafitte et al., 2004; Hirayama et al., 2006;
Venuprasad et al., 2007) and similar results were observed in
the present study also. The pooled data from all the
experiments indicates that six genotypes i.e. IRGC 12263,
IRGC 636, IRGC 45699, IRGC 40275, IRGC 53989 and
IRGC 51231 were found to be drought tolerant with good
yield potential under stress conditions.

Materials and Methods
Field screening

One hundred and thirty four rice accessions that include 128
accessions of Indian origin, two from Indonesia and one from
Philippines, obtained from International Rice Research
Institute, Philippines, were evaluated for their tolerance to
drought under field conditions at Central Rice Research
Institute, Cuttack during the dry season of 2010 along with
two tolerant (Vandana and CR 143-2-2) and one susceptible
(IR 20) controls (Supplementary table 1).

The crop was direct seeded and a randomized block design
with three replications was employed for the experiment.
Recommended dosage of fertilizers (N:P,05:K,0O @40:20:
20kg/ha) were applied basally. The plot was irrigated at
three-day intervals and the 30 days old seedlings were
subjected to drought stress by stopping the irrigation till the
susceptible control showed permanent wilting.

Ground water table was monitored on alternate days after
withdrawal of irrigation with three peizometers (P1, P2 and
P3) randomly installed in the plot. Soil moisture content
(SMC) was measured at 15 and 30 cm soil depth at seven-day
intervals after suspension of irrigation and soil moisture
tension was measured at 30 cm soil depth at two day intervals
using four tensiometer tubes (TM1, TM2, TM3 and TM4)
Leaf rolling, drying and drought scores were recorded in a 0
to 9 scale as per IRRI SES method (IRRI, 1996). The crop
was re-irrigated after the stress and the recovered crop was
raised till maturity and observations were recorded on
parameters like total biomass, spikelet fertility (%), grain
yield and harvest index. The statistical analysis was done
using Crop Stat 7.2 software (IRRI, 2009) and Gomez and
Gomez (1984).



Table 4. Drought scores of promising genotypes and controls under field condition.

Genotypes DSR Genotypes DSR
IRGC 12263 0 IRGC 45699 1
IRGC 6663 0 IRGC 55173 1
IRGC 6264 0 IRGC 44976 1
IRGC 41216 0 IRGC 45701 1
IRGC 74734 0 IRGC 74777 1
IRGC 636 0 IRGC 74762 1
IRGC 41019 0 IRGC 61127 1
IRGC 53989 0 IRGC 40972 1
IRGC 51231 0 IRGC 12380 1
IRGC 12166 0 IRGC 3681 1
IRGC 12254 0 IRGC 3685 1
IRGC 51932 1 IRGC 41234 1
IRGC 51923 1 IRGC 40275 1
IRGC 6294 1 Vandana 0
IRGC 51869 1 CR 143-2-2 1
Laboratory assays References

The seventy eight genotypes that were scored as tolerant (0-3
score) in the field experiment were screened under controlled
osmotic stress conditions simulated by using polyethylene
glycol (PEG 6000) at two stages of the crop: i) at germination
stage and ii) at seedling stage.

The seeds were subjected to germination in aqueous
solution of PEG 6000 at three different concentrations: T, (-6
bar), T, (-8 bar) and T3 (-10 bar). As none of the entries
germinated at both T, and T; treatments, data could be
recorded only for -6 bar treatment. In the other experiment,
five days old seedlings were subjected to moisture stress at
two levels ie. T, (-8 bar) and T; (-10 bar) as per
Chandrasekhara Reddy et al. (1994) and Badiane et al.
(2004). The stress was released after 72 hrs when the
susceptible control showed wilting and observations were
recorded on the survival rates.

Conclusions

Development of rice cultivars with tolerance to drought, a
complex trait, is a major challenge and a thorough
understanding of the physiological and molecular
mechanisms that govern the yield of rice under water stress
condition is a prerequisite. Accurate  phenotyping
information is a critical step that can lead to identify
genes/alleles associated with drought tolerance in rice. In the
present study, phenotyping at field level has led to the
identification of six highly promising genotypes while the
experiments conducted under controlled conditions identified
four genotypes having high levels of tolerance to all levels of
osmotic stress. From the pooled data, IRGC 45699 was
observed to possess high levels of tolerance to all stress
conditions evaluated under the study. These genotypes may
be useful as donors for tolerance to drought stress at both
seedling and vegetative stages in the breeding programs.

Acknowledgements

The authors are highly grateful to the Director, Central Rice
Research Institute, Cuttack for providing all the necessary
facilities and his support. The research work is financially
supported by National Agriculture Innovative Project
Component-4 (C30033).

329

Badiane FA, Diouf D, San D, Diouf O, Goudiaby V , Diallo
N (2004) Screening cowpea Vigna unguiculata (L.) Walp.
Varieties by inducing water deficit and RAPD analyses.
Afr J Biotechnol. 3: 174-178.

Bahrami H, Razmjoo J, Ostadi Jafari A (2012) Effect of
drought stress on germination and seedling growth of
sesame cultivars (Sesamum indicum L.). Int J Agric Sci.
2(5): 423-428.

Bermingham EN, Hutchinson KJ, Revell DK, Brookes 1M,
McNabb WC (2006) The Effect of Condensed Tannins in
Sainfoin (Onobrychis viciifolia) and Sulla (Hedysarum
coronarium) on the Digestion of Amino Acids in Sheep.
N.Z. Society of Animal Production. New Zealand.

Blum A (1988) Plant breeding for stress environments CRC
press inc. Florida, USA. pp.43-77.

Blum A (2008) Use of PEG to induce and control plant water
deficit in experimental hydroponics culture.
http://www.plantstress.com/methods/PEG.htm.

Bouman BAM, Peng S, Castaoeda AR, Visperas RM (2005)
Yield and water use of irrigated tropical aerobic rice
systems. Agric Water Manage. 74:87-105.

Bray EA, Bailey-Serres J, Weretilnyk E (2000) Responses to
abiotic stresses. In B Buchannan, W Gruissem, R Jones,
(Eds), Biochemistry and Molecular Biology of Plants.
American Society of Plant Physiologists. Rockville, MD.
pp. 1158-1249.

Chandrasekhara Reddy P, Vajranabhaiah SN, Prakash AH
(1994) Varietal responses of upland rice calli to Poly
Ethylene Glycol (PEG 6000) stress. Adv Plant Sci. 7:12-17.

Chang TT, Loresto GC, Tagumpay O (1974) Screening rice
germplasm for drought resistance. SABRAO J. pp. 9-16.

Cherian S, MP Reddy (2003) Evaluation of NaCl tolerance in
the callus cultures of Suaeda nudiflora Mog. Biol Plant. 46:
193-198.

Costa PR, Custcodio C, Machado C, Neto NB, Marubayashi
OM (2004) Water deficit induced by mannitol on soybean
seed classified in different sizes. Rev Bras Sementes. 26:
105-113. (in Portuguese with abstract in English).

De Datta SK, Malabuyoc JA, Aragon EL (1988) A field
screening technique for evaluating rice germplasm for
drought tolerance during the vegetative stress. Field Crop
Res. 19:123-134.

El-Tayeb MA, Hassanein AM (2000) Germination, seedling
growth, some organic solutes and peroxidase expression of
different Vicia faba lines as influenced by water stress.
Acta Agron Acad Sci Hung. 48: 11-20.


http://www.plantstress.com/methods/PEG.htm

Fanti SC, Perez SCJGA (2004) Seed germination of paineira
under water and salt stress. Pesq Agropec Bras. 39: 903-
909. (in Portuguese with abstract in English).

Gadelha Meneses Carlos Henrique Salvino, Alcantara Bruno
Riselane de Lucena, Fernandes Pedro Dantas, Pereira
Walter Esfrain, Guedes de Morais Lima3 Leonardo
Henrique, Andrade Lima Marleide Magalhaes de, Vidal
Marcia Soares (2011) Germination of cotton cultivar seeds
under water stress induced by polyethyleneglycol-6000. J
Agr Sci. 68 (2) 131-138.

Gill RK, Sharma AD, Singh P, Bhullar.SS (2002) Osmotic
stress-induced changes in germination, growth and soluble
sugar content of Sorghum bicolor (L.) Moench seeds. Bulg
J Plant Physiol. 28: 12-25.

Gomez KA, Gomez AA (1984) Statistical Procedures for
Agricultural Research (2nd Ed.). John Wiley & Sons Inc,
New York, USA, pp: 680.

Hassanpanah D (2009) In vitro and in vivo screening of
potato cultivars against water stress by polyethylene glycol
and potassium humate. Biotechnology. 8: 132-137.

Hirayama M, Wada Y, Nemoto H (2006) Estimation of
drought tolerance based on leaf temperature in upland rice
breeding. Breed Sci. 56: 47-54.

Ibrahim, Zeid M, Nermin A, Semary El (2001) Response of
Two Differentially Tolerant Varieties of Maize to Drought
Stress. Pak J Biol Sci. 4(7):779-784.

IRRI (2009) Crop Stat 7.2 for Windows 2009. Crop Research
Informatics Laboratory, IRRI. Los Banos, Philippines.

IRRI (1996) Standard Evaluation System for Rice, 4™ ed.
IRRI.PO Box 933 Manila Philippines 52 p.

Jiang Wen, Lafitte Renee (2007) Ascertain the Effect of PEG
and Exogenous ABA on Rice Growth at Germination Stage
and Their Contribution to Selecting Drought Tolerant
Genotypes. Asian J Plant Sci. 6(4):684-687.

Jing RL, Chang XP (2003) Methods for identifying drought
resistance at germination stage of wheat by osmotic stress.
J Genet Resour. 4: 292-296.

Kaboli M, Sadeghi M (2002) Effect of water stress on
germination in three species of onobrychis. Pajouhesh-Va-
Sazangegi. 15: 18-21.

Khakwani Abdul Aziz, Dennett MD, Munir M (2011)
Drought tolerance screening of wheat varieties by inducing
water stress conditions. Songklanakarin J Sci Technol. 33
(2):135-142.

Kumar A, Bernier J, Verulkar S, Lafitte HR, Atlin GN (2008)
Breeding for drought tolerance: direct selection for yield,
response to selection and use of drought-tolerant donors in
upland and lowland-adapted populations. Field Crop Res.
107:221-231.

Lafitte H, Li ZK, Vijayakumar CHM, Gao YM, Shi Y, Xu
JL, Fu BY, Yu SB, Ali AJ, Domingo J, Maghirang R,
Torres R, Mackill D (2006) Improvement of rice drought
tolerance through backcross breeding: evaluation of donors
and selection in drought nurseries. Field Crop Res. 97:77-
96.

Lafitte HR, Price AH, Courtois B (2004) Yield response to
water deficit in an upland rice mapping population:
associations among traits and genetic markers. Theor Appl
Genet. 109: 1237-1246.

Landjeva S, Neumann K, Lohwasser U, Borner (2008)
Molecular mapping of genomic regions associated with
wheat seedling growth under osmotic stress. Biol
Plantarum. 52: 259-266.

LI XP, Tian AG, Luo GZ, Zhang JS, Chen SY (2005)
Soybean DRE-binding transcription factors that are
responsive to abiotic stresses. Theor Appl Genet.110:1355-
1362.

330

Lawlor DW (1970) Absorption of PEG by plants and their
effects on plant growth. New Phytol. 69: 501-13.

Misra AN, Biswal AK, Misra M (2002) Physiological,
biochemical and molecular aspects of water stress
responses in plants and their biotechnological applications.
Proc Natl Acad Sci India, 72(BIl): 115-134.

Nasirzadeh A, Shookoh MK (2006) Physiological effects of
drought on germination and seedling elongation in
onobrychis species. Iran J Rangelands Forests Plant Breed
Genet Res. 11(4): Pe465-Pe478, end79

Nepomuceno AL, Oosterhuis DM, Stewart JM (1998) Physio
logical response of cotton leaves and roots to water deficit
induced by polyethylene glycol. Environ Exp Bot. 40:29-
41.

O’Toole JC (1982) Adaptation of rice to drought prone
environments. In: Drought resistance in crops, with
emphasis on rice, IRRI. Los Banos.

Pantuwan G, Fukai S, Cooper M, Rajatasereekul S, O’Toole
JC (2002) Yield response of rice (Oryza sativa L.)
genotypes to drought under rainfed lowlands 2. Selection of
drought resistant genotypes. Field Crop Res. 73: 169-180.

Parida AK, Das AB (2005). Salt tolerance and salinity effects
on plants: a review. Ecotoxicol Environ Saf. 60: 324-349.

Pereira Sousa Marcilio, Filgueiras Braga Lucia,Vieira
Regiane, Filgueiras Braga Joao,Mussury Rosilda Mara,
Scalon P. Q. Silvana (2012) Germination of Parkia pendula
(Wild.) Benth. Ex Walp. (Fabaceae) Seeds under Different
Osmotic Potentials. Int J Sci Nat. 3(2): 432-337.

Perez-Fernandez MA, Calvo-Magro E, Ferrer-Castan D
(2006) Simulation of germination of pioneer species along
an experimental drought gradient. J Environ Biol.
27(4):679-85.

Pirdashti H, Sarvestani Tahmasebi Z, Nematzadeh GH,
Ismail A (2003) Effect of water stress on seed germination
and seedling growth of rice (Oryza sativa L.) genotypes.
Pak J Agr. 2: 217-222.

Schutz W, Milberg P (1997) Seed germination in Launaea
arborescens: a continuously flowering semi-desert shrub. J
Arid Environ. 36: 113-122.

Swamy Mallikarjuna BP, Vikram Prashant, Dixit Shalabh,
Ahmed HU, Kumar Arvind (2011) Meta-analysis of grain
yield QTL identified during agricultural drought in grasses
showed consensus. BMC Genomics. 12:319.

Tao H, Brueck H, Dittert K, Kreye C, Lin S, Sattelmacher B
(2006) Growth and yield formation for rice (Oryza sativa
L.) in the water-saving ground cover rice production
system (GCRPS). Field Crop Res. 95: 1-12.

Turkan I, Bor M, Zdemir F, Koca H (2005) Differential
responses of lipid peroxidation and antioxidants in the
leaves of drought-tolerant P. acutifolius and drought-
sensitive P. vulgaris subjected to polyethylene glycol
mediated water stress. Plant Sci. 168: 223-231.

Venuprasad V, Lafitte HR and Atlin GN (2007) Response to
direct selection for grain yield under drought stress in rice.
Crop Sci. 47:285-293.

Wang WX, Vinocur B, Shoseyov O, Altman A (2001)
Biotechnology of plant osmotic stress tolerance:
physiological and molecular considerations. Acta Hortic.
560:285-292.

Yang JC, Liu K, Zhang SF, Wang XM, Wang ZQ, Liu LJ
(2008) Hormones in rice spikelets in responses to water
stress during meiosis. Acta Agron Sin. 34: 111-118.

Yang J, Zhang J, Wang Z, Zhu Q, Wang W (2001)
Remobilization of carbon reserves in response to water
deficit during grain filling of rice. Field Crop Res. 71: 47-
55.


http://www.ncbi.nlm.nih.gov/pubmed?term=P%C3%A9rez-Fern%C3%A1ndez%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=17405330
http://www.ncbi.nlm.nih.gov/pubmed?term=Calvo-Magro%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17405330
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferrer-Cast%C3%A1n%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17405330

Zeid IM, El-Semary NA (2001) Response of two Zhang Q (2007) Strategies for developing Green Super Rice.
differentially drought tolerance varieties of maize to Proc Natl Acad Sci. USA, 104: 16402-16409.
drought stress. Pak J Biol Sci. 4: 779-784.

331



