Oryza Vol. 53 No.4, 2016 (422-427)

Response of physiological and biochemical parameters in deeper rooting
rice genotypes under irrigated and water stress conditions

RK Panda?, E Pandit?, A Swain!, DP Mohanty?!, MJ Baig?, M Kar2 and SK Pradhan™
INational Rice Research I nstitute, Cuttack-753006, Odisha, I ndia

2College of Agriculture, Bhubaneswar-751003, Odisha, I ndia

*Corresponding author e-mail: pradhancrri@gmail.com

Received :06 March 2016

Accepted :13 November 2016

Published :03 February 2017

ABSTRACT

An experiment was conducted under vegetative stage drought stress condition with the objective to determine
the effect of water deficit stresson various physiological and biochemical traits associated with drought tolerance
attributes of twelve promising rice genotypes selected on the basis of deeper rooting abilities. Drought stress at
vegetative stage caused reduction in relative water content (RWC) (31.57 %), grain yield (55.31 %), number of
effective tillers (37.70 %), plant biomass (23.65 %), and increase in grain sterility (51.5 %) and proline content
(55.9 %) in rice genotypes. However, the responses varied among genotypes. Out of the twelve rice genotypes,
Bamawypan, showed superiority in terms of grain yield, 1000-grain weight, total plant biomass, RWC, leaf area
index (LAIl), proline content, catalase activity, peroxidase activity and total chlorophyll content. Significant
and positive correlations were observed between yield and physiological attributes like proline content, LAI,
relative water content, catalase activity, peroxidase activity, total chlorophyll content and plant biomass under
drought stress condition. The current study indicated that the physiological and biochemical traits have direct
or indirect effect on yield performance of rice genotypes under water stressed environment at vegetative stage.
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Rice (OryzasativaL.) isoneof theimportant primary
cereal crops in the world. It is grown under
environmental adjustment diverse conditionsthan any
other crop. Out of theentire coverage under rice, nearly
13% is devoted to upland rice and 28% to rainfed low
lands (Sadasivam et al . 2000; Babu et al. 2003). About
half of theworld'sriceisgrowninrainfed tracts, where
productionisdependent on agood and evenly distributed
rainfall. Drought, a period of no rainfall or irrigation
that affects plant growth, isamajor constraint of rice
production in the rainfed areas. Drought effects in
lowland rice can occur when soil water contents drop
bel ow saturation (Bouman and Tung 2001). Rice plants
respond to drought through alternation in morphological,
physiological and metabolic traits. A deep root system
with high root length density at depth is useful in
extracting water thoroughly in upland conditions, but
does not appear to offer much scope for improving
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drought resistance in rainfed lowland rice where the
development of a hard pan may prevent deep root
penetration. Osmotic adjustment ispromising because
it can potentially counteract the effects of arapid decline
in tissue water potential and there is large genetic
variation for thistrait. There is genotypic variation in
expression of green leaf retention which appearsto be
ideal character for prolonged droughts, but it isaffected
by plant size which complicates its use as a selection
criterion for drought resistance. It has been
contemplated that general lack of drought related
research for ricein rainfed lowland conditions needsto
berectified, particularly considering their importance
relativeto upland conditionsin Asian countries. Inthis
context, an experiment was conducted in dry season
of 2014 to study the effect of water stresswell watred
condition on physiological and biochemical traits
associated with drought tolerance in deeper rooting



drought tol erant rice genotypes.
MATERIALS AND METHODS

Plant materials

Ninety six rice genotypes comprising of national,
international and landraces collections were screened
under water stress conditions. Seeds of these rice
genotypes were collected from International Rice
Research Institute (IRRI), Philippines, National Bureau
of Plant Genetic Resources (NBPGR), New Delhi and
National Rice Research Ingtitute (NRRI), Cuttack. On
the basis of genotyping results, 9 genotypes showing
positive to Drol markers and three check genotypes
were selected for deeper rooting phenotyping study.

Experimental site

The experiment was carried out in a raised brick
structured tank of 18ft insidelength, 6.5ft inside breadth,
3ft height above ground and 1.5ft below ground with
low proportion of sand to cement of 20:1 so that it
was easy to dismantle the structure. Each tank was
partitioned into two sub-tanks by a middle wall with
size 18'x3"x3" (above ground) at the experimenta farm
of the National Rice Research Institute, Cuttack,
Odisha, (20°27'10.99"N, 85°56'26.46"E) during dry
season, 2014. The tanks were filled with soil (around
660cft) collected from other lands having loamy sand
of pH 4.21, organic carbon 0.573 % and with available
nitrogen, phosphorous, exchangeabl e potassium of 150,
14.08 and 25.54 kg ha, respectively. The soil height
was maintained up to 3ft in each tank. The tankswere
watered for two days to allow proper compaction of
soil and to maintain the uniformlevel. Steel baskets of
7.5cm upper, 5cm low radius and 5cm height having
2mm mesh were placed inside the soil with a gap of
45cm between baskets in each row containing 12
baskets. Six moisture meter probes were inserted in
each tank to assess the moisture content of the tank.
One/two seeds of individual genotype were sown 2cm
below the soil exactly in the middle of the basket. The
experiment was replicated twice with split plot design
in two main plots (stress and no stress) and twelve
genotypesin subplots. After germination, single seedling
was maintained in each basket. Both water stress and
no stress control tankswerefertilized at therate of 80,
40 and 40 kg ha' N, P,O, and K., O, respectively.
Nitrogen was applied on three occasions, viz., 1/3rd as
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basal, maximumtillering and panicleinitiation stages,
while full P,O, and K,O were applied as a basal
application. Stress was imposed on the tanks after 45
days of sowing till the susceptible checks showed
permanent wilting. But the no-stress (control) tank was
kept continuously watered. Water table depth was also
monitored during the stressperiod. The drought scores,
leaf rolling, leaf drying and stressrecovery observations
were taken as per SES method on a 0-9 scale (IRRI
1996). Lesf rolling scoredescription'0'indicates|eaves
healthy. '1' leaves startstofold, '3' Leavesfolding (deep
V-shaped), '5' leaves fully cupped (U- shaped), '7'
leaves margins touching (O-shaped), '9' leavestightly
rolled. Studies of physiological and biochemical
parameters on the basis of growth performance of 12
rice genotypes under vegetative stage drought stress
condition, viz., Bowde, Lalsankri, Karni, Dinoroda, N-
22, Bamawypan, Tepiboro, Dular, Surjamukhi, and three
check varieties Kasalath, IR64, and Kalinga-lll were
made on total dry matter content, LAI, RWC, proline
content, catal ase, peroxidase activity, isozyme activity
and total chlorophyll content. Proline content was
determined on acid nin-hydrin method asper BatesL S
et al. (1973). Catalase activity was observed as per
hydrogen peroxide oxidoreductase EC 1.11.1.6 and
peroxidase was also determined as per donor H,O,
oxidoreductase E.C.1.11.1.7. Isozymes were separated
on native gel as per the method of Laemmli (1970) by
non-denaturating polyacrylamide gel electrophoresis.
Thetotal chlorophyll content with Chlorophyll-a and
Chlorophyll-b content of leaf was measured by fresh
weight basis by acetone extraction method as per
Sadasivam et al. (1992).

Satistical analysis

Physiological and biochemical data were analyzed
following the split plot design as outlined by Gomez and
Gomez (1984) and Panse and Sukhatme (1985). Simple
correlation co-efficient between physiological and
biochemical parameters were calculated. Fisher and
Yatestablewere consulted for comparision of 'F vaues
and't' values for determination of critical difference at
5% level of significance.

RESULTS AND DISCUSSION

The results related to physiological and biochemical
parameters performance of 12 rice genotypes under
well watered condition and water stress at vegetative
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stage have been presented in Table 3. Rice genotypes
grown under water stress condition produced
sgnificantly lower grainyield than non-stresssituations.
Yield decline was observed in almost all the rice
genotypes grown under stress condition. The yield
reduction under drought stress over non-stress
(irrigated) control ranged from 29 to 78%. The expected
yield reduction under drought stress condition has been
reported by many workers. In another study in
Cambodia, Basnayake et al. (2004) estimated 9-51 %
yield reduction dueto drought inrice genotypesin multi-
locational trials conducted over 3 years in the target
environment. Similar finding has al so been reported by
Kumar et al. (2009).

Significant variations were observed among
genotypes for drought tolerance parameters, viz., leaf

Tablel. Leaf rolling score of 12 studied genotypes at
different days after sowing under drought stress condition
Leafrolling 45DAS 50DAS 55DAS 60 DAS

score
0:healthy
1:V shape Kasalath, Kalingalll,
Bowdel Bowdel
3:DeepV Kalingalll, Kalingalll, Kalingalll,
shape Lalsankri, Lalsankri, Lalsankri,
Tepiboro Karni, Karni,
Tepiboro Tepiboro,
N22,
Dinoroda
5:U shape Kasalath,
Tepiboro,
Dinoroda
7:0 shape
9:tightly rolled Lalsankri,
Karni,
N22,
Bamawypan
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rolling, leaf drying and stressrecovery. Genotypeslike
Dinoroda and Tepiboro showed less |eaf rolling, leaf
drying and better stress recovery. However Dular,
Surjamukhi and K asal ath showed little morphol ogical
symptoms of stress. Leaf rollingisinduced by theloss
of turgor and poor osmotic adjustment in rice and
delayed leaf rolling is an indication of turgor
mai ntenance and dehydration avoidance (Blum 1989).
Physiological and biochemical traitslikeleaf areaindex
(LAI), relative water content (RWC), proline content ,
catalase activity, peroxidase activity and isozyme
activitieswere significantly increased by drought stress
at vegetative stage. Gupta and Guhey (2011) also
reported similar type of finding. Gloria et al. (2002)
reported that the water deficit in rice caused a larger
reduction in leaf area than shoot dry matter,
demonstrating the greater sensitivity of leaf
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Fig. 1. Banding pattern of 1sozyme catal ase and peroxidase
using the 12 studied genotypes. V ,-Bowdel; V ,-Lalsankri;
V -Karni; V,-Dinoroda; V -N-22; V -Bamawypan; V -
Tepiboro; V -Dular ; V -Surjamukhi; and three check
varietiesV, -Kasalath; V, -IR64 and V -Kalingalll

Table 2. Drought score of 12 studied genotypes at 45 days after sowing during vegetative stage

Scde  Description Rate Genotypes
0 No symptoms Highly resistant -
1 Slight tip drying Resistant -
3 Tip drying extended to % length in Moderately resistant Kasalath, Dinorado
most |eaves
5 Y210 ¥ of the leavesfully dried Moderately susceptible Kalingalll, Lalsankri, Karni, Tepiboro, N22, Dinoroda
7 More than 2/3 of all leaves fully dried Susceptible Karni, N22, Tepiboro, Lalsankri, Bamawypan
9 All plants apparently dead Highly susceptible
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0
0
3
5
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320
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227
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chlorophyll
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Stress NoO
0.06
0.34

Leaf area
Stress
CD(5%) CV%
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2.04
2.94

RWC
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1.65 0.54 6.30
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No
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CD(5%) CV%
Variety within 2.34 26.37 8.92

Bamawypan
Stress

Tepiboro

Dular
Surjamukhi

Genotype
Lalsankri
Kasalath
IR64
Kalingalll

Bowdel
Karni
Dinoroda
N22
Variety

Table 3. Estimates of various physiological and biochemical parameters of 12 rice genotypes under water stress and well watered conditions as well as on

phosphorus application and without phosphorus status of soil
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enlargement to water stress than dry matter
accumulation. A significant difference in RWC was
observed among genotypes between drought stressand
irrigated condition. Highest value of RWC was observed
in Surjamukhi (65.2 %) followed by Bamawypan (64.1
%) and Bowdel (63.4 %) (Table 3). The capacity to
maintain higher RWC under drought stress condition
has been suggested as a possible water scarcity
tolerance mechanisminrice (OTooleand Moya 1978).
Guptaand Guhey (2011) and Jongdee et al. (1998) also
reported similar findings. Drought stress condition
caused an average increase of 61.45 % in proline
content across the genotypes as compared to irrigated
condition. Highest val ue of proline content was observed
in Bamawypan followed by Surjamukhi and Bowdel
under drought stress condition (Table 3). Maibangasa
(1998) d so reported similar increasein proline content
in rice under water stress condition. Isozymes of the
selected genotypes study also revealed the same
accumulation pattern in casethe Dinorodaand Tepiboro.

Results of this experiment suggest that
genotypeshad the capability in expressing their genetic
yield potential under these conditions. It appears that
theyield advantage observed under favorable conditions
of semi-dwarf (Bowdel and Lalsankri) which required
lessassimilate for vegetative organswas not maintained
under water limiting conditions.

The results also suggest that Dinoroda and
Tepiboro genotypes have drought-tol erance mechanism
and are able to retain green leaves longer than others
under drought conditions (Table 3). Retention of green
leavesin seedlings under drought conditions has been
used asaselection criterion for drought resistance (De
Datta et al. 1988). Alternatively, cultivars with green
leaf retention may process dehydration-tolerance
mechanism which allows the plants to maintain
metabolic activity, despitelow leaf water potential, for
example, asaresult of high osmotic adjustment (Fukai
and Cooper 1995). From the above results, it is
concluded that cultivarsreguired for Odishaconditions,
where frequent drought occurs, should have those with
appropriate phonological development to escape mid
drought with choice of genotypes like Dinoroda and
Tepiboro which hasthe ability to maintain growth late
inthe season. Consideration of thesecharactersin plant-
breeding programs should increase the efficacy of plant
improvement in theregion.
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Table 4. Estimates of correlation coefficients of various physiol ogical and biochemical parameters of 12 rice genotypes under

water stress and no stress situation

biomass RWC LAI T CHL Proline Catalase Peroxidase Unfilled Filled Test wt
Biomass
RWC -0.239
(-1
LAI **0.757 -0.345
(-0.440) (-0.440)
TCHL -0.324 -0.541 -0.014
(-0.318) (-0.318) (-0.214)
Proline *(0.668 0.143 **(0,758  -0.213
(-0.515) (-0515)  -0.255 (*0.650)
Catalase -0.254 0.236 -0.266 0.227 -0.036
(-0.039) (-0.039) (-0.267) (-0.050) (-0.345)
Peroxidase *-0.65836  0.083 *.0.6389 0.214 -0.549 *0.6066
(-0.060) (-0.061) (-0.050) (-0.111) (-0.177)  (-0.007)
Unfilled 0.360 0.069 0.071 -0.492 0.026 -0.432 -0.377
(-0.059) (-0.059) (-0.417) (-0.292) (-0.509)  (-0.419) (-0.080)
Filled -0.030 -0.187 -0.043 0.290 -0.166 0.178 -0.106 0.094
(-0.342) (-0.343) (-0.286) (-0.114) (-0.063)  (-0.311) (-0.568) (-0.150)
Test wt -0.030 -0.187 -0.043 0.290 -0.166 0.178 -0.106 0.094 1.000
(-0.136) (-0.137) (-0.011) *0.601) (-0.017)  (-0.158) (-0.083) (-0.008) (-0.146)

* gignificant at 5%,** significant at 1%

(Parentheses contain correlation coefficient on water stress condition)
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