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ABSTRACT: The genotype x environment interactions played very important role in the expression of all the characters except
plant height. The linear component G x E interaction assumed significance in case of all the characters except plant height. The
non-linear component of G x E interaction assumed significance for all the characters except plant height, SOD at 3 days and
soluble sugar at flowering. The lines identified as widely adapted lines having high mean performance, average or above linear
response and stability were TN-1, DGI-138, Vandana, DGI-379 for tall stature; P-0090, NDR-97, DGI-21, DGI-75 and Saita
for short stature, DSU-18-6, P-0088 and P-0397 for relative water content; TN-1, NDR-359, DGI-138 and DGI-21 for root
length and P-0088 and P-0326 for root dry weight. In case of biochemical traits, the widely adapted genotypes were Moroberekan
and IR-64 for proline content; DGI-138 for SOD at 3 days and P-0090 for soluble sugar at flowering. While, NDR-97, Vandana,
DGI-152, DGI-138, Moroberekan, DSU-18-6 and DGI-21 produced high yield and these lines found suitable to un-favourable
environments.
Key words: G x E, physiological & biochemical character, drought & upland rice

INTRODUCTION

Drought is a major limitation for rice production in
rainfed ecosystems. Drought is estimated to account
for rice crop losses of 1.7 million tonnes per year in
eastern India (Pandey et al., 2000). On average, the
estimated yield lost to drought is 144 kg ha-1 annually
(Dey and Upadhyaya, 1996). The ‘‘green revolution’’
in rice improvement has benefited many farmers in
irrigated rice production but has had limited impact
on rain-fed production (Evenson and Gollin, 2003).
Average yields of rainfed upland rice are 1.1 t ha-1

but this varies according to soil type, fertilizer use,
rainfall and agronomic practices. Farmers tend to
grow short duration varieties in order to escape late-
season drought, but only a limited range of varieties
exist for these conditions and all have relatively low
yields (De Datta, 1984; Virk et al., 2003).

Developing rice plants resistant to drought is
considered a promising approach to help satisfy the

increasing demand for food in both developing and
underdeveloped countries. Genotype-environment
(GE) interactions are extremely important in the
development and evaluation of plant varieties because
they reduce the genotypic-stability values under
diverse environments. Developing crop cultivars that
perform well across a wide range of environmental
conditions has long been a major challenge to plant
breeder. In practice, genotype by environment
interaction complicates the identification of superior
genotypes (Allard and Bradshaw, 1964).

The poorest farmers grow upland rainfed rice and
have benefited little from high yielding green
revolution varieties most are limited to growing local
low yielding varieties (Bourai et al., 2003).

MATERIALS AND METHODS

The present investigation was carried out in wet
season at the Instructional Farm of Department of
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Crop Physiology, N. D. University of Agriculture &
Technology Kumarganj (Faizabad), U.P., India. The
genotypes of upland rice from different geographical
regions were screened for reproductive stage drought
tolerance in two years. The genotypes were seeded
and seedling establishment was done in dry beds and
transplanting was done 21 days after seeding. Each
genotype was transplanted in Randomized Block
Design with three replications in a 5 m length row.
Row spacing was 20 x 15 cm and one seedling per hill
was used. Recommended agronomic practices were
followed. Pesticides and bird nets were used to protect
the plants against pests. All other crop management
practices were at the optimum level.

Management of Water Stress

The experiments were conducted with well defined
protocol for water management under natural field
conditions during wet season in both the years.

Irrigated (NS): The experimental field was left
uncovered to receive natural rainfall. In addition to
this, experimental plots were irrigated using well laid
channels for supplying tube well water, as and when
required, to maintain appropriate moisture levels as
recommended for irrigated rice.

Reproductive stage drought stress (RSS): The
experiment field was covered by constructing
temporary rainout shelter at a height of 10-12 feet
using polythene sheets to exclude any possibility of
natural rainfall falling in the experimental plots with
proper drainage channel. Care was taken to check the
inflow or seepage of water from the adjoining areas
by making adequate bunds around the experiment
and covered with polythene in drought condition. The
heading stage drought was created by withholding
the irrigation for 15 days up to 80 K Pa at 0-15 cm soil
profile and 60 K Pa at 30 cm soil depth. Plants were
exposed for two weeks (60-80 KPa.). Soil moisture
content (SMC) during stress period was monitored
through periodical soil sampling at 0-15, 15-30 cm soil
depth. Drought was released by irrigation. Recovery
was measured at 10th days after released of drought.
Genotypes were scored for leaf rolling and leaf drying
at the peak stress period using the IRRI Standard
Evaluation System (IRRI, 1996).

Observation and Evaluation

Observations were recorded on five competitive
plants of the middle row of each plot for yield and
biochemical traits. The biochemical traits estimated
by protein content by Lowery et al. (1951), soluble
sugar by Yemn and Willis (1954), proline content by

Bates et al. (1973), superoxide dismutase activity
(SOD) according to Asada et al. (1974). The data were
analyzed by appropriate statistical analysis (Gomez
and Gomez, 1984) using CropStat 7.2 (IRRI, 2009)
programme. Pooled analyses of variance over four
environments were estimated as per the models
suggested by Eberhart and Russell (1966) to estimate
the three stability parameters viz., mean, regression
coefficient (bi) and mean squared deviation (S2di) for
each genotype.

RESULTS AND DISCUSSION

Study of G x E interaction was carried out following
Eberhart and Russell (1966). The pooled analysis of
variance in respect of different characters is set out in
Table 1. The differences among the genotypes were
highly significant for all the characters under study.
The mean squares due to environments were also
highly significant for all the characters. The
differences, therefore, were present among the
genotypes as well as environments. The G x E
interaction component was highly significant for all
the characters except plant height and test weight. The
linear component of G x E interaction was also
preponderant for all the characters except plant
height. As for as non-linear component of G x E
interaction was concerned, it assumed significance for
all the characters except plant height.

Physio-morphological traits

Plant height ranged from 67.83 cm for Moroberekan
to 103.83 cm for TN-1. The lines, TN-1 (103.83), DGI-
138 (97.25), Vandana (94.92), DGI-379 (93.58)and P-
0397 (93.50) were found to be statistically superior to
general mean (83.33cm) for tall stature while,
Moroberekan, P-0090, NDR-97, Saita DGI-75, DGI-21
were found to be significantly shorter in stature than
general mean. Two entries, P-0080 and P-0397
possessed b>1 while remaining were entries
characterized by b=1.The non-linear sensitivity
coefficients of all the entries were equal to zero (Table
2). The taller genotypes, TN-1 DGI-138, Vandana,
DGI379 had b=1 and s2di=0. Similarly, the shorter
genotypes, namely, Moroberekan, P-0090, NDR-97,
DGI-21, DGI-75 and Saita were also characterized by
b=1 and S2di=0.

The relative water content (RWC) varied from
65.44% (DGI-21) to 80.58% (DSU-18-6), with a general
mean of 73.28%. DSU-18-6 (80.58), Azucena (78.50),
P-0397 (77.40) and TN-1 (76.38) were significantly
superior in RWC than the general mean whereas,
DGI-21, DGI-138, DGI-152 and Saita had below
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average RWC. The linear sensitivity coefficients of
DSU-18-6, IR-64, Azucena, P-0088 and P-0397 were
greater than unity while, NDR-97, NDR-359, DGI-152
and Vandana showed b<1. The other entries were
characterized by b=1.The non-linear sensitivity
coefficients of IR-64, Azucena, T.N-1 and DGI-75 were
greater than Zero while, remaining fourteen lines
emerged with s2di=0. DSU-18-6, P-0088 and P-0397
showed high mean performance for RWC along with
b>1 and S2di=0. IR-64 and Azucena had high mean
performance with b>1 and S2di=0.

The root length ranged from 36.22 cm in P-0090
to 90.45 cm in P-0326 with a general mean (49.83 cm),
P-0326 (90.45) followed by DGI-21 (73.77), Vandana
(64.02), TN-1 (60.03), NDR-359 (54.38) and DGI-138
(59.39) had above average root length while, IR-64
showed root length at par with the general mean.
Remaining entries were found to have statistically
lesser root length than general mean. Vandana, TN-
1, NDR-97, P-0088, P-0090, DGI-138, DSU-18-6, NDR-
359 had b>1 whereas, P-0326, JR-64, Azucena, DGI-
379 and P-0397 had b<1. Saita possessed negative b
value. Remaining entries showed b=1. P-0397, DGI-
75, Vandana and DSU -18-6 exhibited s2di>0 while,
remaining entries had S2di=0. TN-1, NDR-359 and
DGI-138 possessed high mean performance, b>1 and
S2di=0 for root length. DGI-21 showed high mean
performance with b=1 and S2di=0. The line with
highest root length P-0326 had b<1 and S2di=0.

The general mean for root volume was 56.73 ml.
and root volume varied from 35.98 ml (NDR-97) to
100.46 cm3 (P-0326), P-0326, followed by Moroberekan
(99.57), P-0088 (81.58) DGI-21 (70.68) and DSU-18-6
(68.6) showed statistically superior root volume than
general mean while, Azucena, NDR-359, TN-1,
Vandana and DGI-75 were statistically at par with
the general mean in root volume. Remaining entries
showed below average root volume. NDR-97,
Moroberekan, P-0090 and DGI-379 showed b<1. DGI-
138, Azucena, NDR-359, Vandana and P-0397 had
b=1. Remaining entries had negative b values. The
non-linear sensitivity coefficients of NDR-97, NDR-
359, DGI-379 and Saita did not deviate significantly
from zero while, remaining entries possessed s2d2>0.
NDR-359 showed medium mean performance with
b=1 and s2di=0. P-0326 and DGI-21 had high mean
performance with negative b value and s2di=0.
Moroberekan and P-0088 showed high mean
performance with b=1 and s2di=0.

Root dry weight varied 4.95 g in case of NDR-97
to 14.39 g in case of NDR- 359, with a general mean of
8.95 gm. NDR-39 (14.39), TN-1(13.78), P-0088 (13.46),

P-0397(12.19) and P-0326 (11.42) possessed
statistically higher root dry weight than general mean,
while, NDR-97, DGI-21, DGI-138, DSU-18-6, DGI-379
and Saita were statistically inferior to the general
mean. The remaining entries were at par with the
general mean. The linear sensitivity coefficient of
NDR-359 was b>1 while NDR-97, Moroberekan and
DGI-75 have b>1. DGI-21, DGI-138, P-326, Azucena
and P-0088 possessed b=1, while remaining entries
had negative b values. The line having highest mean
performance for root dry weight, NDR -359 possessed
b>1 and s2di>0. Among the other lines having high
mean for root dry weight P-0088 and P-0326 had b=1
and s2di=0.

Biochemical traits

The mean squares due to varieties were highly
significant for all characters under study. The
variances due to environments and environment
linear component (E-L) were also highly significant
in all the cases. This indicated that substantial
variation existed among the genotypes as well as
environments. The mean squares due to G x E
interaction were found to be highly significant for all
the characters. The linear component of G x E
interaction was also highly significant for all the
characters. The non-linear G x E component was
highly significant for all the characters except SOD at
3 days and soluble sugar at flowering (Table 1).

The proline content ranged from 22.16 mgg1 fresh
weight (DGI-152) to 35.91 mgg-1 fresh weight
(Moroberekan). Moroberekan (35.91) had significantly
higher proline content than remaining genotypes.
Above average proline content was also shown by
NDR-97 (33.80), DGI-379 (31.40), IR-64 (29.61) and
Saita (29.28). DGI-138, P-0326, Azucena, NDR-359,
DGI-152 TN-1, DGI-75 and P-0397 showed below
average proline content. Remaining three genotypes
had proline content at par with the general mean
(28.36). The entries, DGI-21, DSU-18-6, IR-64, NDR-
359, TN-1, DGI-75, P-0088, P-0397 and Saita had b>1,
while NDR-97, Moroberekan, DGI-138, P-0090, DGI-
379and Vandana possessed b>1. The linear sensitivity
coefficients of remaining entries were equal to unity
(b=1). The non-linear sensitivity coefficients (S2di)
were equal to zero for P-0326, IR-64, Azucena, NDR-
359, Vandana and DGI-75. The genotype having
highest proline content, Moroberekan, had b>1 and
S2di >0. The other lines following it for higher proline
content, NDR-97, P-0090, DGI-379, Saita also showed
b>1 and s2di >0. Among the genotypes having high
proline content, Vandana showed b<1 and s2di = 0,
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to emerge as most desirable line for proline content
having high proline content with stability. IR-64 had
high proline content with b>1 and s2di=0 (Table 3).

The super oxide dismutase (SOD) at 3 days ranged
from 651.42 in case of DGI-379 to 765.08 for DGI-
138.All the entries, except DGI-379 were found to be
statistically at par with the general mean which was
733.86. DGI-138 had b>1 and s2di=0, besides having
highest SOD at 3 days.DGT-379 possessed b>1 but it
had low mean and s2di>0. All the entries except DGI-
138 showed s2di>0. The b values of all the entries
except DGI-138 and DGI-379 were equal to unity.

The soluble sugar at flowering varied from 134.25
(DGI-379) to 231.42 (T.N-1). Moroberekan (222.50),
P.0090 (187.67), Vandana (197.58) and DGI-75 (191.83)
along with TN-1 (231.42) were found to be
significantly superior than the general mean (173.20).
DGI-138, P-0326, IR-64, NDR-359, DGI-152, DGI-379,
P-088 and Saita showed below average means for this
character. DGI-138, DGI-152, P-0090, DGI-379, P.0397
and Saita emerged with b>1, while DGI-21, NDR-97,
Moroberekan, DSU-18-6, P-0326, Azucena, NDR-359,
TN-1, Vandana and DGI-75 had b<1. All the entries
showed s2di=0 except DGI-138, P-0326, NDR-359,
DGI-75 and P-0088 having s2di>0. Among the lines
having high mean performance for soluble sugar at
flowering stages, TN-1, Moroberekan, Azucena and
Vandana had b<1 and s2di=O.P-0090 combined high
soluble sugar at flowering with b>1 and s2di=0 while,
DGI-75 had high mean performance with b<1 and
s2di>0.

The grain yield ranged from 309.5 g per plant in
case of Saita to 589.92 for NDR-97. In addition to NDR-
97 (589.92), Vandana (586.67), DGI-152 (530.08), DGI-
138 (522.83), Moroberekan (519.00), DSU-18-6 (518.25)
and DGI-21 (493.33) also produced significantly
superior grain yield than general mean (446.13).
Azucena, NDR-359, TN-1 DGI-379 and DGI-75 were
statistically at par with the general mean while,
remaining entries were below average in mean
performance.DGI-152 had b>1 and characterizes with
b=1. The non-linear sensitivity coefficients of all the
eighteen characters were greater than zero (s2di=0).

The results of this study indicated that grain yield
was significantly influenced by changes in
environmental conditions because there were
significant variations in grain yields of the genotypes
tested in response to the environment. The tested
genotypes viz., TN-1, DGI-138, Vandana, DGI-379 for
tall stature; P-0090, NDR-97, DGI-21, DGI-75 and Saita
for short stature, DSU-18-6, P-0088 and P-0397 for
relative water content; TN-1, NDR-359, DGI-138 and

DGI-21 for root length and P-0088 and P-0326 for root
dry weight. In case of biochemical traits, the widely
adapted genotypes were Moroberekan and IR-64 for
proline content; DGI-138 for SOD at 3 days and P-
0090 for soluble sugar at flowering represented
stability trends. In case of grain yield per plant, NDR-
97 (589.92) followed by Vandana (587.6), DGI-152
(530.08), DGI-138 (522.83), Moroberekan (519.00),
DSU-18-6 (518.25) and DGI-21 (493.33) produced high
grain yield per plant. These lines had average
response (bi=1) indicating suitability to unfavorable
environments. Therefore, breeding studies should be
continued for high yielding drought tolerant varieties.
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