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Morphometric and biochemical characterization of eighteen rainfed upland rice genotypes were studied
under drought stress situation. Relation of the studied traits was also observed with grain yield under
drought stress situation. A significant variation among the rice genotypes were observed and a
significant genotype x environment interaction for all the traits was seen indicating better scope for
drought tolerance and improvement in yield. The different biochemical parameter that is, shoot starch at
maturity, leaf's starch, upper root’s and lower root’'s carbohydrate under both the conditions were
positively increased. However, proline in irrigated condition was the only trait which possessed very
high estimates of phenotypic and genotypic coefficient of variation, heritability (h?%) and genetic
advance (Ga). Traits like, chlorophyll a, nitrate reductase activity, carbohydrate at flowering, starch at
maturity, leaf’s carbohydrate, leaf’s starch and lower root's starch showed positively high (desired)
genotypic correlation as well as direct effect on grain yield. SDS-PAGE profiling in control and drought
condition was conducted and 25 kDa proteins was found to be induced in resistance rice genotypes.
Drought tolerance of well-known cultivars- Vandana, NDR-359, Azucena, Moroberekan, P-0326 and TN-1
(DSI<1 & DTE>75%) was validated through biochemical as well as physiological characterization in the
study. These traits showed a promise for selection parameters for the drought stress situation.

Key words: Correlation, drought susceptibility index, drought tolerance efficiency, path coefficient, genetic
advance, upland rice and variance.

INTRODUCTION

Rice is the most important food crop for more than one growing population, the present annual rice production of
third of world's population. To meet the needs of the 560 million tons must be increased to 850 million tons by
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2025 (Khush, 1997). Rice is probably the most diversely
cultivated crop under varied environments including: (i)
irrigated, (ii) rainfed sloping uplands, (iii) rainfed plain
upland, and (iv) rainfed lowland to deepwater conditions.
Among various abiotic stresses, drought is one of the
basic factors for restricting crops production (Vallivodan
and Nguyen, 2006; Sinclair, 2011). As being semi-aquatic
plant, it consumes huge amount of water for its life cycle
that is, two to three times more water than other food
crops such as wheat or maize (Barker et al., 2003).
According to an estimate, approximately 3000 to 5000 | of
water are required to produce one kg of rice. Irrigated rice
is the most common rice ecosystem by occupying 55% of
the total 158 Mha of cultivated rice area, while rainfed
lowland rice harbours (34%) 54 Mha, rainfed upland (9%)
14 Mha and flood-prone rice areas (7%) 11 Mha
(Bouman et al., 2007). Rainfed rice occupies 40% area of
the total rice area in Asia. South Asia alone holds 37% of
the world’s rice area, 50% of which is rainfed (Dawe et
al., 2010). The upland ecosystem presents 12% of global
rice area, which is the lowest yielding rice ecosystem
(Khush, 1997). Rainfed rice accounts for 84% of total rice
area in Sub-Saharan Africa (Gauchan and Pandey,
2011).

The recent scenario of global climate change and
unpredictable rainfall patterns lead to severe drought
spells in rain-fed areas. Even though water occupies
almost 70% of our planet, freshwater resources are
limited. According to an estimate, amount of crop water
consumption will increase by 70 to 90% in 2050 and will
reach 12,050 to 13,500 cubic kilometers from the present
7,130 cubic kilometres (de Fraiture et al., 2007).
Therefore, it is highly likely that in the future, rainfed rice-
growing areas will face severe spells of drought stress,
consequently with high yield decline. To ensure the food
security and reduce the water requirement for crop
growth, development of drought tolerant and water-
saving rice varieties has become increasingly important
particularly to upland conditions in African as well as
Asian countries (Levitt, 1980 and Graff, 1980). Plant
water status has a major impact on plant function and
adaptive processes under water limited environments.
Several studies of past have reported that the major
control of plant water status to crop plants subject to
drought is exerted mainly by constitutive traits (Blum,
2005). These traits may help to maintain high relative
water content and tend to retain higher leaf area and low
leaf rolling. Multidisciplinary approach involving genetics,
biochemistry, biotechnology, physiology, plant breeding
and crop science will be appropriate to assess the
complicated and integrated responses of plants to
drought and to evolve superior drought resistant
genotypes (Mitra, 2001).

It is reported that biochemical and physiological
changes occur in response to low water condition in different
plants. There is increase in several biochemical
components like increase of free proline occurs in
decrease in water supply (Zhang et al., 2006). The
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amount of proline in rice (Oryza sativa L.) was also
increased steadily in salt stress using 24-epibassinolide
which causes proline gene expression (Ozdemir et al.,
2004). Although plant resistant mechanisms are not
known clearly, new proteins accumulation and stress
genes expression that code biosynthetic enzymes
against osmotic stress were investigated (Vallivodan and
Nguyen, 2006). Generally, drought stress reduces growth
(Levitt, 1980) and yield of various crops (Dhillon et al.,
1995) by decreasing chlorophyll pigments and
photosynthetic rate, and stomatal conductance as well as
transpiration rates. Drought stress reduces the nutrient
uptake in plants (Kamran et al., 2009).

To improve rice production under water stress
productivity, it is necessary to understand the mechanism
and changes in the biochemical and molecular
component of plant responses to drought conditions.
Furthermore, the functional significance of the
physiological and biochemical traits and their relationship
to sustain grain yield are still not clearly established in
rice. Therefore, present study was undertaken to analyze
the biochemical traits which confer grain yield of rain fed
lowland rice genotypes under irrigated as well as drought
exposed at flowering stages in order to identify drought
tolerant genotypes as well as their genotypic and
phenotypic inter-relationships with grain yield.

MATERIALS AND METHODS
Experimental sites, genotypes and years of screen

The present investigation was carried out in wet season under
normal (E1) as well as flowering stage drought (Ez) condition during
2005 to 2006 and 2006 to 2007 at the instructional farm of
Department of Crop Physiology, N. D. University of Agriculture and
Technology, Faizabad (U.P.), India. The eighteen genotypes of
upland rice from different geographical regions were screened for
drought tolerance (Table 1).

Experimental design

The genotypes were seeded in dry beds and one seedling per hill
transplanting was done at 21 days after seeding in randomized
block design with three replications in 20 x 15 cm spacing of 3 m
row length. All recommended agronomic practices were followed for
a good crop at optimum level.

Water management

The experiments were conducted with well defined protocol for
water management under two environmental conditions (E1 and Ej)
in the wet season as follows:

Irrigated (E,)

The experimental field was left uncovered to receive natural rainfall
as well as also irrigated with normal water, as and when required, to
maintain appropriate moisture levels as recommended for irrigated
rice.
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Table 1. The place of origin and salient features of genotypes.

S/No. Cultivar Group Salient feature
1 Morobereken  Japonica IUpland cultivar, coarse grain, high grain yielder, broad leaf, selection
andraces
2 Azucena Japonica Highly green broad leaf, drought tolerant, coarse grain
3 TN-1 Japonica ES]:.lasi:ieptible for multi disease and insect dwarf plant, low grain yield, short gold
4 IR-64 Indica Highly susceptible for drought, tiny fine grain semi dwarf
5 Vandana Indica Upland cultivar, tall plant and drought tolerant
6 NDR-359 Indica Irrigated (ecology) long gold high grain yielder semi dwarf plant
7 NDR-97 Indica ggs]?iggxévzﬁac:magﬂgyt, short duration, drought tolerant (escaping fine
8 Saita Indica Highly susceptible for drought and sheath blight, semi dwarf plant, land races
9 DGI-21 Indica x Japonica Double haploid
10 DGI-75 Indica x Japonica Double haploid
11 DGI-138 Indica x Japonica Double haploid
12 DGI-152 Indica x Japonica Double haploid
13 DGI-379 Indica x Japonica Double haploid
14 DSU-18-6 Indica x Japonica Double haploid
15 P 0088 IR64 introgression line Introgression line
16 P 0090 IR64 introgression line Introgression line
17 P 0326 IR64 introgression line Introgression line
18 P 0397 IR64 introgression line Introgression line

Reproductive stage drought stress (E,)

The experiments were laid out in rainout shelter at a height of 10 to
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 with holding the irrigation for 15
days up to 80 K Pa at 0 to 15 cm soil profile and 60 K Pa at 30 cm
soil depth. Soil moisture content (SMC) during stress period was
monitored through fabricated soil tensio meter, periodically.

Observation and evaluation

Observations were recorded on five competitive plants of the
middle row of each plot for 18 biochemical traits and grain yield on
the basis of plot grain yield (gram m®). The biochemical traits that
is, chlorophyll content (mg g fresh weight), protein content (mg g
fresh weight), carbohydrate content (mg g dry weight), starch
content (mg g™ dry weight), proline content (mg g™ fresh weight),
nitrate reductase activity (umol NO g’ fresh weight h™" ) and a-
amylase activity (Unit g™ fresh weight h™') were estimated according
to Arnon (1949), Lowery et al. (1951), Yemm and Willis (1954), Mc
Cready et al. (1950), Bates et al. (1973), Asada et al. (1974),
Jowarski (1971) and Chance and Maechly (1955), respectively. The
total protein was isolated in sodium phosphate buffer (0.5 M, pH
7.0) and protein was separated 12% SDS-PAGE as method
described by Laemmli (1970).

The pooled data of two year under E1 and E; were analyzed by
appropriate statistical analysis (Gomez and Gomez, 1984) using
Crop Stat 7.2 (IRRI, 2009) programme. Phenotypic (PCV) and
genotypic (GCV) coefficient of variation, path coefficient, heritability
(broad sense) and genetic advance in percent of mean were

analysed according to Singh and Chaudhary (1985). Drought
tolerance efficiency [DTE (%) = (Grain yield under stress/Grain yield
under non-stress) x 100] and drought susceptibility index (DSI) was
computed according to Fischer and Wood (1981) and Fischer and
Maurer (1978) to identify the promising genotypes for limited
irrigation, respectively.

RESULTS
Analysis of variance (ANOVA)

Significant differences were observed among the
genotypes and also among the G x E (Genotypes x
Environments) interactions for all the traits under both the
conditions. The results of analysis of variance have been
presented in Table 2.

Means and biochemical traits under

observations

range of

The grand mean of all traits for two environments over
the seasons showed lower value under E, compared to
E, except proline and a-amylase which represents the
sensitivity of these traits to the stress. However,
differences in mean values of all the characters were
higher except carbohydrate and chlorophyll, which
showed marginal differences between the two
environments (Table 3).
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Table 2. Analysis of variance (ANOVA) for 18+1 traits in upland rice under irrigated (E+) as well as flowering stage drought (E,) environment (E).
Lower Lower .
Source of . CHO at Starch Starch at Leaf’s Leaf’s Upper root’s , , Grain
variation d.f E Chla Chlb Proline NR a Amylase 50% F at 50% F CHOatM M CHO starch CHO root’s root’s yield
CHO starch
Environments 1 Ei 0.007 0.00126 7.92 2966.25* 584.00 4250 11.50 44.25 151.7 83.56 7.78 0.0004 0.0018 0.0000008 0.0007
(Years) E> 0.000005 0.0009 1.39 1776.37** 3512.00 36.75 8.87 228.25 20.43 34.43 5.78 0.00003 0.000001 0.00001 0.0001
Replications 2 E: 0.00002 0.00002 0.0117 9.00 8.00 45.00 31.87 7.75 84.37 2.68 106.25 0.00008 0.0001 0.00006 0.0004
(R) E. 0.00003 0.00006 0.171 28.25 30.00 88.12 712 10.37 129.00 16.78 45.44* 0.000008 0.00001 0.00004 0.00004
ExR ) E1 0.0001 0.000008 0.0351 15.62 3.00 1.500 20.62 6.12 0.812 5.34 2.48 0.000008 0.00002 0.00001 0.0001
E. 0.00001 0.00002 0.0703 7.12 10.00 28.00 44.50 9.78 2015 24.17 337 0.000001 0.000003 0.000006 0.00001
Genotypes (G) 17 E1 0.0133** 0.0216** 173.86** 597.39 14437.76* 3068.30*  3149.95*  4636.74**  8124.90"  666.16** 835.64** 0.01** 0.008** 0.0109** 0.00285**
P E. 0.0635** 0.0164** 59.38*  1530.07*  10614.98*  9814.20%*  6475.24**  4965.41*  10261.33**  875.91* 519.49* 0.0039* 0.005** 0.00291*  0.00318*
GxE 17 E1 0.00300**  0.00290* 1.88% 44165 1365.64** 200.24* 78.15** 560.03* 94.85** 35.32% 30.53* 0.00009 0.00028*  0.0000120 0.0004**
Ex 0.00187* 0.00148* 1.20%* 207.95** 1885.01* 209.29** 40.13* 505.76** 42.57* 13.92%* 13.27+ 0.0001** 0.0001** 0.000015* 0.00008**
Error 68 E: 0.00009 0.00002 0.033 328.34 13.79 6.73 19.23 8.00 9.05 8.82 5.65 0.00001 0.0006 0.000019 0.00043
E, 0.00004 0.00002 0.105 12.19 16.47 19.62 6.68 6.38 6.32 6.52 5.21 0.000006 0.00002 0.000007 0.000005

* Significant at 5% level, ** Significant at 1% level, Chl a = Chlorophyll a, Chl b = Chlorophyll b, NR = Nitrate reductase, CHO = Carbohydrate, F = Flowering stage, M = Maturity stage, d.f = degree of freedom.

Phenotypic (PCV)
coefficient of variation

and genotypic (GCV)

The phenotypic and genotypic coefficients of
variations for all biochemical and physiological
traits observed in this study have been presented
in Table 3. Differences, between PCV and GCV
were quite low for all the characters except nitrate
reductase activity, upper and lower root's starch
under E, (Table 3).

Heritability (h%) and genetic advance (Ga)
High heritability coupled with high genetic

advance (determining scale from Johnson et al.,
1955a) were estimated for chlorophyll b, proline,

carbohydrate and starch at  flowering,
carbohydrate and starch at maturity, leafs
carbohydrate and starch, upper and lower root’s
carbohydrate under both the conditions.
Simultaneously, upper root's starch, nitrate
reductase and grain yield under E; and lower
root’s starch and chlorophyll a under E, showed
high heritability (>75.0) and genetic advance
(>30.0) while rest ftraits exhibited indefinite
combinations (Table 3).

Drought tolerance parameters
There was the wide range of corresponding

variations of “drought susceptible index (DSI) with
drought tolerant efficiency (DTE) in all the

genotypes for all the traits e.g. from 0.42
(Vandana) to 1.99 (Saita) of DSI while
correspondingly from 46.49 (Saita) to 88.66
(Vandana) of DTE for grain yield. Out of 18
genotypes; six, eleven and one genotype (s)
showed below average (ADSI<1), above average
(ADSI>1) and average (ADSI~1) to drought
susceptibility for grain yield, respectively (Table
6). Drought susceptible index with high grain yield
potential can be used to identify parents to
improve the performance of rice under variable
moisture conditions (Ouk et al., 2006). The
genotypes with high DTE and low DSI recorded
minimum grain yield reduction (Bahar and
Yildirim, 2010 and Parameshwarappa et al.,
2010). Drought tolerant parameters- DTE and DSI
have been presented in Table 4a,b.
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Table 3. Estimates of grand mean, range, phenotypic (PCV) and genotypic (GCV) coefficients of variation, heritability in broad sense (h%) and
genetic advance in per cent of mean (Ga) for 18+1 characters in rice germplasm lines under irrigated (E1) and flowering stage drought (E2)
conditions.

Coefficient of

Characters Environments Grand mean Range Variation h? (%) Gam(g;r:/; of
PCV GCV

Irrigated 0.783+0.025  0.73-0.87 5.45 5.30 94.60 10.21

Chlorophyll a
Drought 0.521+0.024  0.25-0.66  19.51 19.47 99.60 40.30
Irrigated 0.259 +0.023  0.21-0.45  18.97 18.91 99.30 42.47

Chlorophyll b
Drought 0.209 +0.010  0.13-0.35  24.02 23.91 99.10 4784
Proline Irrigated 23.03 +2.11 17-34 23.26 23.25 99.90 47.85
Drought 33.68 +1.62 27-38 9.30 9.25 98.90 18.44
Nitrate reductase Irrigated 168.00 +5.78 148-181 14.87 14.48 94.80 30.03
Drought 102.52 +4.22 76-128 4.56 3.03 44.20 4.14
o Amviase Irrigated 512.2+17.10 410-581 9.14 9.11 99.40 18.70
4 Drought 655.82 +£22.22  568-735 5.85 5.82 98.90 11.99
Carbohydrate at 50% Irrigated 210.11 +6.48 166-245 10.95 10.87 98.60 21.28
flowering Drought 145.31 £3.77 78-218 27.70 27.54 98.80 56.37
. Irrigated 151.60 +3.12 113-192 15.20 14.93 96.40 30.18

0,
Starch at 50% flowering | ot 112.10 +2.09 60-158 29.31 29.22 99.40 60.00
Carbonvdrate at maturity M19ated 140.62 +2.66 119-214 18.65 18.54 98.80 37.96
y Y Drought 94.31 +1.53 38-140 29.03 28.91 99.10 59.29
Starch at maturi Irrigated 131.24 +3.26 83-195 27.97 27.87 99.30 57.23
y Drought 88.88 +2.09 33-180 46.52 46.43 99.60 75.47
Leaf's Carbohvdrate Irrigated 68.63 +2.66 43-85 15.55 14.94 92.30 29.56
Y Drought 48.00 +1.53 35-71 25.53 24.97 95.70 50.30
Leafs starch Irrigated 46.95 +3.54 32-74 25.19 2467 96.00 49.79
Drought 34.14 £2.25 23-53 27.72 26.91 94.20 53.78
Upper root's Irrigated 0.175+0.018  0.12-024  25.15 25.06 99.30 51.42
Carbohydrate Drought 0.123+0.016  0.09-0.19  20.55 20.45 99.00 40.75
Uboer roof's Starch Irrigated 0.214+0.007  0.14-0.32  23.72 23.37 97.10 49.18
PP Drought 0.122 £0.004  0.05-021  21.26 17.57 68.30 28.03
Lower root's Irrigated 0.129 +0.008  0.06-0.21 33.26 33.12 99.00 69.76
Carbohydrate Drought 0.079 +0.006  0.03-0.11  27.84 27.61 98.40 50.63
Lower roof's Starch Irrigated 0.104 +0.009  0.08-0.16  27.91 19.32 47.90 28.84
Drought 0.068 +0.005  0.04-0.11 33.81 33.64 99.00 73.83
Irrigated 520.69 +7.12 390-664 16.70 16.69 99.90 34.36

Grain yield Drought 37157 +6.68  228-550 2537 2535 99.90 52.19
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Table 4(a). Drought tolerance parameters [i.e. drought susceptible index (DSI), drought tolerance efficiency (DTE) as well as per cent increase in a-amylase, proline and leaf water potential
(LWP)] of 18 upland rice genotypes including Azucena (DT Check) and IR 64 (DS Check) under flowering stage drought condition.

Proline Chlorophylla  Chlorophyllb o Amylase Upper root Lower foot Upper root Lower root Leafstarch  Shoot starch
Genotypes starci starc| sugar sugar

st %F os OF ost OF os %F ps BF  bsi oE% Dsi DEY% DSl DTE% DSl DTE% DSl DTE%
Azucena 0.38 114.0 0.69 76.74 0.78 76.67 0.41 109.6 0.34 85.71 0.67 76.92 0.33 89.47 0.51 80.95 0.51 85.76 0.45 85.77
DGI-138 0.82 130.7 1.00 66.23 0.79 76.19 1.76 141.0 0.69 70.59 1.28 56.25 0.45 85.71 0.67 75.00 0.41 88.39 0.80 74.40
DGI-152 1.61 159.9 0.98 67.09 1.18 64.71 1.09 125.5 1.18 50.00 1.22 58.33 1.33 58.33 0.89 66.67 1.28 63.95 1.49 52.59
DGI-21 1.83 168.4 0.75 74.67 0.73 78.26 177 141.5 1.01 57.14 0.32 88.89 0.21 93.33 1.23 53.85 1.29 63.75 1.34 57.40
DGI-379 0.64 123.7 1.13 62.07 0.90 72.97 0.07 101.6 1.30 45.00 1.25 57.14 0.68 78.57 0.97 63.64 1.03 70.97 1.88 39.96
DGI-75 1.73 164.5 1.27 57.14 0.90 73.08 1.49 134.9 0.82 65.00 1.86 36.36 1.43 55.00 1.33 50.00 1.39 61.05 0.94 70.12
DSU-18-6 1.50 156.1 1.29 56.58 0.64 80.77 1.99 146.6 1.02 56.52 0.65 71.78 151 52.63 0.41 84.62 0.91 74.31 0.69 77.95
IR-64 220 1820 156 4767 173 4815 149 1349 074 6842 067 7692 136 5714 140 4762 152 5736 213 3216
Moroberekan 0.31 111.4 0.59 80.00 0.56 83.33 0.87 120.2 0.96 59.09 1.62 44.44 0.91 71.43 0.82 69.23 1.13 68.22 0.31 90.22
NDR-359 1.79 166.6 0.63 78.95 0.92 7241 0.99 123.1 1.74 26.32 0.37 87.50 0.53 83.33 0.59 77.78 0.90 74.72 0.40 87.34
NDR-97 0.33 112.3 0.52 82.67 0.76 77.14 0.93 121.7 0.50 78.57 0.27 90.91 0.49 84.62 1.23 53.85 0.84 76.31 0.23 92.55
P-0088 0.18 106.7 1.25 58.11 1.04 68.97 1.52 135.5 0.74 68.42 0.80 72.73 1.12 64.71 0.24 90.91 0.77 78.47 0.85 72.82
P-0090 0.57 121.3 121 59.26 1.36 59.26 1.15 126.8 0.81 65.63 1.62 44.44 1.36 57.14 0.67 75.00 0.43 87.85 1.40 55.43
P-0326 0.55 120.6 0.70 76.39 0.74 71.78 0.47 111.0 0.45 80.95 0.65 71.78 0.49 84.62 0.44 83.33 0.89 75.01 0.48 84.87
P-0397 234 1873 113 6203 184 4483 113 1265 118 5000 162 4444 093 7083 133 5000 173 5146 079  74.88
Saita 222 1829 197 3378 123 6316 188 1441 127 4615 162 4444 080 7500 114 5714 087 7556 181 4243
TN-1 218 1813 071 7619 103 6923 058 1136 101 5714 097 6667 146 5417 133 5000 118 6675 136  56.60
Vandana 037 1137 058 8052 074 7778 075 1175 090 6190 029  90.00 159 5000 059 7778 055 8445 040  87.35
Genotypic correlation coefficients under Direct and indirect effects under irrigated (E;) obtained between grain yield and RWC (r = 0.52)

irrigated (rge;) and flowering stage drought
(rge2) condition

Amongst various component traits, the traits
namely chlorophyll A, chlorophyll B, nitrate
reductase activity, carbohydrate at flowering stage
and leaf's carbohydrate exhibited significant
positive association with grain yield. While, some
other traits namely starch at flowering,
carbohydrate at maturity, starch at maturity, upper
root's carbohydrate and lower root's starch
exhibited significant positive association with
above mentioned traits other than grain yield.
Results of the genetic correlations have been
presented in Table 4.

and flowering stage drought (E,) condition

The traits namely chlorophyll A, proline content,
carbohydrate at flowering, starch at maturity,
leaf's carbohydrate and lower's root starch
showed low to high (determined from the scale of
Lenka and Mishra, 1973) positive direct effect on
grain yield under both environment. All the traits
exhibited somehow indirect effect on grain yield
through other traits (Table 5).

Plant water status and proline accumulation

Strong positive regression coefficient were

and almost all the genotypes recorded low DSI for
RWC in present investigation. Grain yield was
also positively and significantly correlated (r =
0.78) with proline under water stress situation.
Leaf water potential (LWP) was positively
associated with accumulation of proline and grain
yield under drought stress. Similarly, we found
strong negative correlation between RWC vs.
sterility and LWP vs. sterility.

Protien profiling

SDS-PAGE analysis revealed differences
between the protein patterns of drought stressed
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Table 4(b). Drought tolerance parameters that is, drought susceptible index (DSI), drought tolerance efficiency (DTE) as well as per cent increase in a-amylase, proline and leaf
water potential (LWP)] of 18 upland rice genotypes including Azucena (DT Check) and IR 64 (DS Check) under flowering stage drought condition.

Genotypes Nitrate reductase  Leaf carbohydrate Shoot carbohydrate RWC Biomass Harvestindex  Test Weight Grain Yield Per cent increase

DSI DTE% DSI DTE% DSI DTE% DSI DTE% DSI DTE% DSI DTE% DSI DTE% DSI DTE% oAmylase Proline LWP
Azucena 0.35 86.07 0.41 87.78 0.19 91.64 105 7947 084 7577 083 8242 058 9142 055 8508 20.26 1146  66.10
DGI-138 1.18 52.91 0.70 78.84 0.56 74.74 124 7585 053 8493 112 7635 101 8490 117 6861 41.08 30.78  27.94
DGI-152 1.17 53.43 1.61 51.70 121 45.65 075 8530 143 5895 100 7880 119 8228 150 59.58 25.49 50.94  23.36
DGI-21 0.54 78.68 0.95 71.46 0.55 75.38 139 7286 111 6818 088 8149 062 90.69 134 63.99 41.54 68.49 1573
DGI-379 0.77 69.52 152 54.33 0.96 56.89 008 9851 110 6836 074 8430 126 8117 145 60.90 5.60 23.73  47.83
DGI-75 0.84 66.48 151 54.72 143 35.44 121 7646 087 7499 097 7960 041 9396 146 60.61 34.98 64.56  79.31
DSU-18-6 111 55.81 0.86 74.29 0.27 87.75 090 8251 092 7348 088 8147 092 86.26 109 70.72 46.68 56.17  31.34
IR-64 0.98 61.12 1.26 62.10 1.16 47.67 030 9408 144 5858 141 7018 1.09 8378 127 6574 34.96 82.00 7391
Moroberekan ~ 0.82 67.24 0.62 81.41 0.84 62.08 079 8456 041 8810 046 9034 081 8786 0.60 83.88 9.66 55.00 12.16
NDR-359 0.63 75.03 0.51 84.71 0.29 86.75 095 8147 047 8649 070 8522 123 8161 047 8845 23.16 66.67 2542
NDR-97 0.60 76.09 0.59 82.28 0.20 91.01 063 8769 138 6027 119 7489 071 8938 128 60.38 21.75 1231 19.57
P-0088 1.38 44.94 1.19 64.30 1.70 23.40 179 6507 148 5748 130 7251 121 8196 147 6038 35.52 6.72  87.67
P-0090 174 30.90 137 58.77 0.44 79.98 064 8757 089 7444 089 8125 095 8585 141 6211 26.81 2138  28.79
P-0326 1.00 60.02 0.49 85.38 0.36 84.00 114 7769 114 6717 070 8514 050 9250 074 80.10 10.99 20.69  23.77
P-0397 112 55.48 1.45 56.44 1.98 11.00 133 7410 114 6731 123 7408 120 8209 136 6340 26.53 87.32  80.30
Saita 134 46.75 1.83 44.94 1.75 21.20 167 6750 1.63 5316 153 6765 272 5952 199 4649 44.10 82.99  92.65
TN-1 1.26 49.95 0.59 82.30 0.32 85.71 185 6388 030 9143 125 7360 117 8261 081 7826 191 81.30 16.88
Vandana 0.67 73.16 0.34 89.80 0.19 91.50 033 9366 059 8297 093 8046 024 9647 042 88.66 17.52 4374 1786

and controlled condition’s rice leaves proteins
(Figure 1). A protein band of 25+2 kDa molecular
weight was observed under control as well as
drought stressed environment; while, this
particular protein band was not observed in
susceptible rice varieties exposed to drought
stress. A specific protein band of 25+2 kDa was
found in the stressed condition in NDR-97 and
NDR-359, this protein was not observed in the
controlled condition. Drought tolerant variety
Vandana, showed constitutive expression of this
particular protein in control as well as stress
condition. However, this novel protein band was
not present in the susceptible rice variety IR-64 in

both control and drought condition.

DISCUSSION

The high and significant differences among
genotypes as well as G x E reveals the existence
of sufficient variability among the genotypes and
over whelming effect of environment on genetic
performance, respectively (Table 2). A significant
range of variation was observed for the
biochemical traits observed among different
genotypes. However, widest range of variability
was recorded for proline, nitrate reductase, a-

amylase, carbohydrate and starch at flowering
and maturity under E; and Chlorophyll B under E,
(Table 3). The low difference between GCV and
PCV of the traits except nitrate reductase activity,
upper and lower root’s starch indicates towards
true genetic variability and this is also supported
by higher values of heritability (Table 3).
Therefore, selection on the basis of phenotype
alone can be effective for the improvement of
these traits. Girish et al. (2006) have also reported
the influence of environment on the characters if
the PCV is higher than GCV. Blum (1988) also
reported the reduction in genetic variance under
severe stress condition.
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Table 5. Genotypic correlation coefficient among 15+1 traits in upland rice grown under irrigated (upper diagonal) as well as flowering stage drought (lower diagonal) condition.
Traits 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

(o2 foct 0.115 -0.079 0.402 0.206 0.376 0.610* -0.245 -0.344 0.164 0.144 0.480 0.012 0.414 0.255 -0.085
2 0.291 0.280 0.319 0.211 -0.237 -0.017 -0.159 -0.267 0.416 0.017 0.073 0.033 -0.014 -0.241 0.061
3 -0.330 0.065 -0.284 0.243 0.239 0.221 0.003 -0.008 0.162 -0.240 -0.301 -0.033 -0.121 -0.251 0.249
4 0.627* 0.473 0.060 -0.168 0.903** 0.493 0.444 -0.145 0.006 0.014 0.865 0.465 0.130 0.642* -0.120
5 -0.096 0.164 0.358 -0.011 0.286 0.495 0.074 0.146 0.237 -0.274 -0.125 -0.284 0.510 0.147 -0.107
6 0.604* 0.165 0.111 0.432 -0.222 0.742% 0.131 0.005 0.246 0.310 0.551* 0.433 0.083 0.307 0.061
7 0.579* -0.055 0.127 0.430 -0.285 0.844* 0.036 -0.016 0.234 0.204 0.328 0.227 0.172 -0.068 -0.375
8 0.356 -0.007 -0.032 0.234 -0.167 0.453 0.612* 0.712* 0.028 -0.156 0.221 -0.249 0.110 0.152 -0.253
9 0.355 0.121 -0.024 0.258 0.324 0.459 0.525% 0.827* -0.228 -0.087 0.086 -0.360 0.234 -0.052 0.003
10 0.752* 0.432 0.000 0.818* 0.102 0.624* 0.627* 0.655** 0.486 0.387 0.089 -0.019 -0.106 -0.014 0.094
11 0.242 0.197 -0.188 0.116 -0.434 0.394 0.432 0.407 0.041 0.356 0.703** 0.348 -0.333 0.014 0.171
12 0.038 -0.535* 0.016 0.134 -0.303 -0.128 0.037 0.109 -0.098 -0.041 -0.157 0.361 -0.083 0.319 0.107
13 -0.250 -0.214 0.244 -0.497 -0.235 0.064 0.118 0.099 -0.137 -0.194 0.471 0.047 -0.152 -0.332 -0.318
14 -0.029 -0.157 0.267 -0.191 0.344 0.072 0.099 0.113 0.102 0.014 -0.239 0.026 0.174 0.226 -0.405
15 0411 0.200 -0.097 0.463 0.010 0.191 0.173 0.448 0.282 0.594* 0.088 0.419 -0.170 0.222 0.333
16 0.726** 0.546* -0.163 0.669** -0.135 0.559* 0.333 413 0.512 0.741* 0.207 -0.180 -0.252 -0.133 0.513

1=Chlorophyll a; 2= Chlorophyll b; 3=Proline; 4=Nitrate reductase; 5= a Amylase; 6=Carbohydrate at 50% flowering; 7=Starch at 50% flowering; 8=Carbohydrate at maturity; 9=Starch at maturity;
10=Leaf’s carbohydrate; 11=Leaf’s starch; 12=Upper root’s carbohydrate; 13=Upper root’s starch; 14= Lower root’s carbohydrate; 15=Lower root’s starch; 16=Grain yield; * and ** Significant at 5%
and 1% level [i.e. 0.514 and 0.641 r value from Fisher & Yates (1963)], respectively; rge2 = Genotypic coefficient under irrigated condition; rye2 = Genotypic coefficient under drought condition.

Heritability of some of the physiological,
biochemical and root related traits were higher in
present analysis as revealed in Table 3. In
general, the character that shows high heritability
with high genetic advance is controlled by additive
gene action and selection is always effective only
for that trait (Warkad et al., 2008). Starch at
maturity, leaf's starch, upper root and lower root’s
carbohydrate in both the environments while
proline in E; were the only traits which possessed
very high estimates of phenotypic (PCV) and
genotypic  (GCV) coefficient of variation,
heritability (h%) and genetic advance (Ga)
(Table 3). These characters could be considered
as preferred selection criteria for irrigated and

drought condition. Further, characters showing
high heritability along with moderate or low
genetic advance can be improved by inter mating
superior genotypes of population developed from
combination breeding (Samadia, 2005).

A close agreement between genotypic and
phenotypic correlation in almost all the traits (data
not presented in this paper) were found, which
indicates least environment influence on the
degree of association. Henceforth, reference is
being made only to genotypic correlation (rqey).
rye2 wWere, in general, similar in nature and higher
than the corresponding rqes; which reveals true
genetical correlation of the traits with each other.
The significant and positive correlation of

chlorophyll a, chlorophyll b, nitrate reductase
activity, carbohydrate at flowering stage and leaf’s
carbohydrate with grain yield was observed.
Interestingly a significant positive correlation of
above mentioned traits (starch at flowering,
carbohydrate and starch at maturity, upper root’s
carbohydrate and Ilower root's starch) was
observed with chlorophyll A, chlorophyll B, nitrate
reductase activity, carbohydrate at flowering stage
and leaf’'s carbohydrate indicating that grain yield
and these traits has the same
biochemical/genetical basis for their expression
(Table 4). Since chlorophyll a, proline and
carbohydrate content at flowering, starch at
maturity, leafs carbohydrate and lower’s root



1260

Afr. J. Agric. Res.

Table 6. Genotypic direct and indirect effects of biochemical traits on grain yield under irrigated (E+) as well as flowering stage drought (E2) condition.

Traits 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1E 1.123 -0.031 -0.021 -0.202 0.046 0.028 -0.609 0.289 -0.617 0.147 -0.18 0.27 0.011 -0.594 0.253
E> 0.697 -0.138 -0.248 -0.085 0.071 -0.068 -0.816 -0.549 0.398 1.349 0.214 -0.005 0.079 -0.005 0.045
2E; 0.129 -0.266 0.074 -0.160 0.047 -0.018 0.017 0.188 -0.478 0.373 -0.022 0.041 0.029 0.344 -0.239
E> 0.203 -0.475 0.049 -0.064 -0.123 -0.018 0.077 0.012 0.135 0.774 0.174 0.074 0.068 -0.027 0.022
3E -0.088 -0.074 0.264 0.143 0.054 0.018 -0.220 -0.003 -0.015 0.146 0.299 -0.170 -0.029 0.173 -0.249
=) -0.230 -0.031 0.750 -0.008 -0.267 -0.012 -0.180 0.049 -0.027 0.001 -0.166 -0.002 -0.077 0.046 -0.011
4E; 0.452 -0.085 -0.075 -0.503 -0.037 0.067 -0.492 -0.524 -0.260 0.005 -0.018 0.488 0.413 -0.186 0.636
E> 0.437 -0.225 0.045 0.135 0.008 0.048 -0.607 -0.360 0.289 1.467 0.102 -0.019 0.157 -0.033 0.051
5E 0.231 -0.056 0.064 0.085 0.222 0.021 -0.494 -0.087 0.262 0.212 0.341 -0.070 -0.252 -0.732 0.146
Ez -0.067 -0.078 0.269 0.001 -0.745 0.025 0.402 0.258 -0.363 0.183 -0.384 0.042 0.074 0.060 0.001
6 Ex 0.422 0.063 0.063 -0.454 0.064 0.074 -0.740 -0.155 0.010 0.221 -0.387 0.311 0.385 -0.120 0.304
=) 0.428 -0.078 0.083 -0.058 0.166 0.111 -1.190 -0.698 0.514 1.119 0.348 0.018 -0.020 0.013 0.021
7TE: 0.686 0.004 0.058 -0.248 0.110 0.055 -0.998 -0.004 -0.028 0.210 -0.254 0.185 0.202 -0.247 -0.067
E> 0.403 0.026 0.096 -0.058 0.212 -0.093 -1.411 -0.944 0.588 1.124 0.382 -0.005 -0.037 0.017 0.019
8E; -0.275 0.042 0.001 -0.223 0.016 0.010 -0.036 -1.181 1.278 0.025 0.195 0.125 -0.221 -0.158 0.150
E> -0.248 0.004 -0.024 -0.032 0.125 -0.050 -0.864 -1.541 0.927 1.175 0.359 -0.015 -0.031 0.020 0.049
9E; -0.386 0.071 -0.002 0.073 0.032 0.000 0.016 -0.841 1.794 -0.205 0.109 0.049 -0.320 -0.336 -0.052
E> 0.247 -0.057 -0.018 -0.035 0.245 -0.051 -0.740 -1.275 1.120 0.871 0.037 0.014 0.043 0.018 0.031
10E; 0.184 -0.111 0.043 -0.003 0.053 0.018 -0.234 -0.033 -0.410 0.897 -0.482 0.050 -0.017 0.152 -0.014
E> 0.524 -0.205 0.000 -0.110 -0.076 -0.069 -0.885 -1.009 0.544 1.793 0.315 0.006 0.061 0.003 0.065
11 E; 0.164 -0.005 -0.063 -0.007 -0.061 0.023 -0.203 0.184 -0.157 0.347 -1.247 0.396 0.309 0.478 0.014
E> 0.169 -0.094 -0.141 -0.016 0.324 -0.044 -0.609 -0.626 0.046 0.638 0.884 0.022 -0.148 -0.041 0.010
12E 0.539 -0.019 -0.079 -0.435 -0.028 0.041 -0.327 -0.261 0.155 0.079 -0.877 0.564 0.321 0.119 0.316
=) 0.026 0.254 0.012 -0.018 0.226 0.014 -0.052 -0.167 -0.110 -0.074 -0.139 -0.039 -0.015 0.004 0.046
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Table 6. Contd.
13 E; 0.014 -0.009 -0.009 -0.234 -0.063 0.032 -0.227 0.294 -0.645 -0.017 -0.434 0.204 0.888 0.218 -0.329
E> -0.174 0.102 0.183 -0.067 0.175 -0.007 -0.166 -0.153 -0.154 -0.348 0.416 -0.007 -0.315 0.030 -0.019
14 E; 0.465 0.064 -0.032 -0.065 0.113 0.006 -0.172 -0.130 0.420 -0.095 0.415 -0.047 -0.135 -1.435 0.224
E> -0.020 0.075 0.201 0.026 -0.256 -0.009 -0.140 -0.175 0.114 0.026 -0.211 -0.004 -0.055 0.174 -0.024
15E; 0.287 0.064 -0.066 -0.323 0.033 0.023 0.068 -0.179 -0.093 -0.013 -0.018 0.180 -0.295 -0.324 0.990
E, 0.286 -0.095 -0.073 -0.062 -0.008 -0.021 0.244 -0.690 0.316 1.065 0.078 -0.058 0.053 0.039 0.110

1=Chlorophyll a; 2= Chlorophyll b; 3=Proline; 4=Nitrate reductase; 5=a Amylase; 6=Carbohydrate at 50% flowering; 7=Starch at 50% flowering; 8=Carbohydrate at maturity; 9=Starch at maturity;
10=Leaf’s carbohydrate; 11=Leaf’s starch; 12=Upper root's carbohydrate; 13=Upper root’s starch; 14= Lower root’s carbohydrate; 15=Lower root's starch; Note: Under lined digits denote the
direct effects; Residual effect is -0.231 and 0.149in irrigated and flowering stage drought condition, respectively.

starch showed low to high positive direct effect on
grain yield under E1 and E2 these traits could also
be focused. Following, Singh and Chaudhary
(1985) some conclusions from correlation
coefficient (Table 4) and path coefficient (Table 5)
a analyses were drawn- (i) Chlorophyll A, nitrate
reductase activity, carbohydrate at flowering,
starch at maturity, leaf's carbohydrate, leaf's
starch and lower root's starch showed positive
and high (desired) genotypic correlation as well as
direct effect on grain yield. These traits could
therefore be considered as a preferred one for
direct selection; (ii) Proline content and lower
root’s carbohydrate showed negative correlation
and positive direct effect. Here restricted selection
index is required in which only selected traits will
be considered (Singh and Kakar, 1977) and (iii)
Less amount of residual effect (that is, 0.149 and -
0.231 under drought and irrigated condition,
respectively) reveals that the sufficient yield
contributing traits have been included in the study.
The mean values of DSI, for most of the
characters were close to or below one, indicated
the relative tolerance of these ftraits to drought.
Higher DSI values, observed for proline
(DSI=1.20), amylase (DSI=1.13) and grain yield

(DSI=1.13), indicated that these ftraits were
relatively more prone to drought stress. In parallel,
most of findings (Ouk et al., 2006) showed that
lowest DSI values were more tolerant than with
the highest DSI. In this study, statistically
significant correlations were obtained between
grain yield and DSI under both the conditions.
Thus, positive correlation (r= 0.511**) was shown
between grain yield under irrigated and DSI while
negative correlation (r= -0.771**, p < 0.05)
between grain yield under drought and DSI.
Results of this study have showed a parallelism
with Ouk et al. (2006). Similarly, grain yield under
drought was significantly correlated with DTE
(0.757**); while negative and significant
correlation (-0.903**) was found between DSI and
DTE. These results are similar with that of Bahar
and Yildirim (2010). Similar trends, of correlation
between per se performance and drought
resistance parameters (DSI and DTE), were found
for most of the characters under study. Plant
breeders may select varieties capable of
producing relatively high grain vyields in both
favourable and unfavourable environments/years
(Bernier et al., 2008).

Positive correlation between grain yield and

RWC was observed in the present study. Previous
reports suggested RWC to be an important
parameter though not sufficient to ensure good
grain yield (Lafitte, 2002). Nguyen et al. (1997)
reported the consistent differences in osmotic
adjustment among rice genotypes at a RWC of 75
percent. Similar to RWC, grain yield was positively
and significantly correlated (r = 0.78) with proline
accumulation under water stress in the present
study. It was also observed that genotypes viz.,
TN 1, Vandana, Azucena, NDR 359, DSU 18-6
and Moroberekan, recorded highest RWC,
accumulated more proline (in percent) and had a
lower DSI values for grain yield whereas the
genotypes, recorded lowest RWC, had vice versa
results. Similar results were reported by Bayoumi
et al. (2008). The involvement of proline in the
response to water deficit has been demonstrated
and suppression of proline synthesis resulted in
increased sensitivity to water deficit (Valliyon and
Nguyen, 2006). In present study, leaf water
potential (LWP) was positively associated with
accumulation of proline and grain yield under
drought stress. Similarly, we found strong
negative correlation between RWC vs. sterility
and LWP vs. sterility. O’'Toole and Namuco (1983)



1262 Afr. J. Agric. Res.

Figure 1. SDS-PAGE profiling of the susceptible(IR64), and drought resistance rice varieties
(NDR97, NDR-359 and Vandana) in control (c) and drought (D) condition.

found that panicle exertion rate was decreased linearly
with decrease in water potential and subsequently grain
yield also. However, genotypic differences in proline
accumulation may be simply a reflection of respective
differences in leaf water potential (Dingkuhn et al., 1991).
Thus, studies indicated that capacity to maintain high
LWP is promising traits for selection to improve tolerance
against late season drought in rainfed upland rice. In
above view, genotypes selected as drought resistance for
grain yield viz., NDR 359, DSU 18-6, Vandana and
Moroberekan were considered as best among the top
genotypes with low DSI (<1) for all other biochemical and
physiological traits under study.

The presence of protein band of 25+2 kDa in drought
tolerant cultivars- NDR-97, NDR-359 and Vandana and
its absence in IR64 can be due to induction of specific
proteins involved in stress tolerance/response in the
resistance rice varieties. Beside their specific functions,
proteins which are accumulated in the plants by stress
exposure may provide a storage form of nitrogen that is
reutilized when stress is over and probably play a role in
osmotic adjustment (Niknam et al., 2006; Ahmad et al.,
2007). The disappearance of a protein band/expression
under waters stress seems to be due to ionic component
which is a conserved response among different rice
cultivars. The observed difference between the intensity
of a protein band suggests a probable role of this protein
in drought tolerance. Also, the induction of some protein

bands wunder stress treatments, which exclusively
occurred in NDR 369, may play a role in higher osmotic
stress tolerance of NDR357 compared to IR64.

The establishment of managed drought conditions by
rainout shelter allows rice research workers to select
drought tolerant genotypes by following drought
susceptibility index and drought tolerance efficiency as
the important parameters. A comprehensive screening of
physiological and biochemical traits during drought stress
will advance our fundamental understanding of these
traits and provide direction for future strategies for
drought tolerance in rice. Breeding procedures like
pureline selection, pedigree breeding method would be
effective for development of drought tolerant genotypes.
Vandana, as drought tolerant cultivar (Bernier et al., 2008
and Acuna et al., 2008), is grown in drought prone upland
of eastern India. Thus, improvement in it's per se
performance and drought tolerance could be of significant
for food security under target environments. Saita, as
displaying concerned opposite traits, must be used to
develop mapping population. Complex nature of upland
drought suggested that multi environment testing and
selection is necessary for NDR 359, DSU 18-6, Vandana
and Moroberekan to develop high yield potential with
drought tolerance.

Abbreviations: DTE, Drought tolerance efficiency; DSI,
drought susceptibility index; GCV, genotypic coefficient of



variation; G x E, Genotypes x Environments; PCV,
phenotypic coefficient of variation; RWC, relative water
content; SDS-PAGE: sodium dodecyl sulphate poly
acrylamide gel electrophoresis; SMC, soil moisture
content.
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