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Abstract: The objective of this study was to evaluate the ability of several selection indices to identify drought
resistant cultivars under field and laboratory conditions in Kermanshah, Tran. Twenty bread wheat genotypes
differing in yield performances were evaluated using a RCBD design with three replications under two different
environments (irrigated and rein-fed) during 2004-2005 growing season. Grain yield of the genotype in the both
conditions, Stress Tolerance Index (STI), was calculated for each genotype. Moreover Proline ammo acid
concentration (PC) in flag leaf of each genotype was also measured in grain filling stage in the stressed
condition. Cell Membrane Stability (CMS) of leaf tissues in seedling stage was calculated for each genotype
grown in the pots in greenhouse. Germination Stress Index (GSI), coleoptile length and root length, number of
roots, Promptness Index i Stress (PIS) and non-stress (PINS) condition were recorded in the controlled
condition of laboratory by using a 2x20 factorial experiment within completely randomized design with three
replications under two different stress and non-stress (normal) water regimes. The result of analysis of variance
exhibited highly sigmtficant difference among the genotypes for the most of the traits. Drought stress induced
by PEG (polyethylene glycol) decreased all of the traits. Root length was the most sensitive to drought stress.
Correlation analysis indicated strong association between STT and CMS and PC. Tt was inferred from the study
that the greater drought tolerance corresponded to the greater cell membrane stability and proline accumulation.
Also, highly significant correlation was observed between GSI, ST1 and PIS. The results imply that these criteria

may be screened for indirect selection of drought tolerance m the mitial stages of the bread wheat growth.
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INTRODUCTION

Drought stress particularly at seedling stage is a
major determinant of wheat production in many parts of
the world (Dhana et al., 2002). The research into drought
stress has until now diverted towards whole plant with
particular emphasis on the exploitation of high yield
potential under normal and drought stress conditions
or selecting the genotypes for morphological and
physiological characters responsible for drought
resistance (Blum, 1988). The genotype may possess high
potential yield under water non-limiting conditions, or
may have escaped from drought by reaching maturity
before drought develops. Yield m drought-prone
environments may be considered to be affected by three
components, viz. yield potential, appropriate phenology
and drought tolerance. Thus, if drought screening is
based on gramn yield, genotypes selected may have high
potential yield or appropriate phenology, but not drought
tolerance (Ouk et al, 2006). A wide range of putative

selection criteria that could be used to increase drought
tolerance in plants is available. There are, however, very
few examples of success obtained using physiological
traits in breeding programs. The main reason for this 1s
that few of these traits have been studied in terms of their
functional significance to seed yield In addition,
screening techniques using these traits have usually
proved to be laborious and costly (Turner et al., 2001).
The term, osmotic stress, 1s commonly used to refer
to situations where insufficient water availability limits
plant growth and development. Tt can result from drought
as well as from excessive salinity (Zhu et al, 1997).
Polyethylene Glycols (PEGs) are a group of neutral
osmotically active polymers with a certan molecular
weight. PEG widely used to induce water stress, is a
nonionic water polymer, which is not expected to
penetrate into plant tissue rapidly (Nepomuceno et af.,
1998). PEG 1z most frequently used in plant water
deficit studies to induce dehydration by decreasing the
water potential of the nutrient solution (Krizek, 1985;
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Tacomini et al., 1988). The measurement of solute leakage
from plant tissue 1s a long-standing method for estimating
membrane integrity in relation to environmental stresses,
growth and development and genotypic variation
(Blum and Ebercon, 1981 ; Bandurska, 2000). In this regard,
the degree of cell membrane stability 1s considered to be
one of the best physiological indicators of drought stress
tolerance (Kocheva et al., 2004).

The accumulation of free proline in response to
osmotic stress is a widely distributed adaptive reaction
not only in plants but in other organisms as well
(McCue and Hanson, 1990; Delauney and Verma, 1993).
This aminoe acid plays a number of important functions
(Hare and Cress, 1997). Of considerable importance among
them 1s its interaction with membrane protemns which 1s
probably involved m the mamtenance of the cell
membrane structure (Bohnert and Jensen, 1996).

Growing of seedling and studying their responses to
environmental stress 1s an efficient process of screeming
the genotypes for drought resistance (Winter et al., 1 988).
The seedling grown under laboratory condition can be
altered simultaneously for the population.
Moreover, the biochemical and physiological changes
related to water stress will be more uniform in laboratory
conditions in contrast to the intact plant system which

entire

has comparatively more heterogeneous environment
(Dhana et al., 2002). The present mvestigation was
therefore undertaken to study some promising characters
and indices related to drought resistance/tolerance.

MATERIALS AND METHODS

The experiment was conducted during 2004-2005
growing season at the experimental farm, laboratory and
greenhouse of dry land agricultural research institution
Sararood station, Kermanshah, Tran (47°20' N latitiude,
34°20' E longitude and 1351 m altitude). Climate in this
region 1s classified as semi-arid with mean ammual rainfall
of 478 mm.

Stress Tolerance Index (STI): In the field, twenty
genotypes of bread wheat were evaluated using a RCBD
design with three replications under two different
environments (irrigated and rein-fed) during 2004-2005
growing season. Each plot consisted of 6 rows with 3 m
in length and spaced by 20 cm. Seeds were planted with
400 seeds density m™. After separation of border effects
from each plots, yield potential (Y ) and stress yield (Y)
were measured. Stress Tolerance Tndex (STT) of the grain
yield of the genotype m both conditions was calculated
using the formula suggested by Fernandez (1992):

STI_{L](L}{EJ_(WJ
Y, LY, LY, (Y, ¥

Where, Y,, Y, and Y, represent yield under stress
condition, yield under non-stress condition and overall
mean of the entries in non-stress condition, respectively.

Free proline content: Free proline content was measured
according to Bates et al. (1973).

Leaf membrane stability: For determination of Cell
Membrane Stability (CMS), 20 leaf pieces (2 cm each) were
taken from 15 day old seedlings grown in the pots in
green house based on RCBD design with three
replications. Distilled and deionised water was used for
washing of samples as treatments. For desiccation
treatment, leaf sections were submerged in 20 mL. of 30%
polyethyleneglycol-6000 (PEG-6000) solution in test tubes
and allowed to stand in the solution for 24 h at 10°C.
Control samples were submerged in water. The samples
were then washed rapidly three times with deionised
water. For both desiccated and control samples, 20 mI. of
water was added and leal discs were mamtained for 24 h
at 10°C. Then the tubes were warmed to 45°C for 1 h,
shaken well and electrical conductivity (C), was measured
using an electrical conductivity meter. The leaf tissue
were killed by boiling in a water bath for 30 min, then
cooled to room temperature and electrical conductivity
(Cy was measured, cell membrane stability of leaf tissues
was calculated as the percentage injury using the
following equation:

1-(A-T /T
(1- C,/C,)

Injury (%) I = 100

CMS (%) = 1-T (also in %)

Where:

T,and T, = First and second conductivity measurement
of desiccation treatment, respectively

Cyand C; = First and second conductivity measurement
of control, respectively

Germination and seedling characters: Seeds were
initially treated with 1.5% sodium hypochlorite for 15 min.
Residual chlorne was eliminated by through washing of
seeds with distilled water. Twenty seeds were then
germinated on filter paper in Petri-dishes of 25 mm
diameter in an incubator at 2242°C. The experiment was
conducted under normal (0 bar) and drought stress
(-0.8 MPa) created with the help of polyethyleneglycol-
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6000 (PEG-6000) by the method suggested by Michel and
Kauffman (1972). The experiment was a 2x20 factorial
within completely randomized design with three
replications under two different stress and non-stress
(normal) water regimes described above. The first factor
(A) which had two levels (stress and non-stress
treatments) and the second factor (B) which had 20 levels
(genotypes) were compared. Tn the stress and normal
treatments 6 mL. of PEG solution and distilled water added
to the each Petri dish respectively, i the 1 day and 4 mL
added m 6 day to compensate the losses due to
evaporation. The emergence of 2 mm of radical and
plumule was taken as the criterion for germination.

Germination stress index: After 10 days the number of
germinated seeds was recorded and the Promptness Tndex
(PT) and Germination Stress Index (GST) were calculated
using the formula proposed by Bouslama and Schapaugh
(1984):

PI =nd, (1.0) +nd, (0.8) +nd
:(0.6) +nd, (0.4) + nd,,(0.2)

In which nd,, nd, nd.,;nd,; nd gepresent the
percentage of germinated seeds after 2, 4, 6, 8 and 10 days
after sowing, respectively.

GSI (%) = LEE;SS)J %100

Where, PIS 1s PI under drought stress condition and
PINS is PT under normal condition.

The data for germination percentage, root length
(cm), coleoptile length (cm) and number of primary roots
were recorded on the 10th day after sowing.

Statistical analyses were performed using SPSS and
MSTAT-C software.

RESULTS AND DISCUSSION

The results of analysis of variance of the yield in
both conditions showed highly significant differences
between genotypes (Table 1). The yield of the genotypes
mn stress and non-stress conditions i field study was
used to calculate Stress Tolerance Index (STT). There were
significant differences between genotypes for PC. On the
basis of analysis of variance, there were no significant
differences between the genotypes for CMS.

The results indicated that the highest values of grain
vield under stress condition (Y,) and STT belonged to

Table 1: ANOVA based on RCBD design for the traits of bread wheat in
the field and green house
Mean of squares

SOV df Y. Y, CMS PC
Replication 2 12168.14* 193428.61™ 24.88%  0.140™
Treatments 19 270838.71%*  265315.48**  124.2¢~  0.579*
Error 38 48756.81 697005.38 167.40 0.269
CV (%) - 6.72 8.26 2588  24.550

**+: Significant at 196 level, ns: not significant, CV: Coefticient of variation
(%0)

Table 2: Mean comparison between bread wheat genotypes for the
characteristics under investigation
Ys Y, 8TI CMS PC

Genotype  (kgha™) (k; ha™) valuc® (%) (molg” DW)
1 274 Sbedef 37650%f 0.68 22,320 4 4280
2 282Gl 380 2bodeld 0.70 12.41¢ 3.52¢
3 2573%f 3490% 0.59 23.93* 5.84%
4 263700 42220 0.73 2648 6.55%
5 2438% 381 podef 0.60 18.952 4.26%
& 2073¢ 3141¢ 0.43 21.93* 3.29°
7 2446% 363%F 0.58 24.54* 3.47
8 32300 409 #beds 0.87 33.41* 6.92°
9 3019% 39760t 0.78 29.62° 3.96%
10 2973bed 4 7Gebeds 0.79 20.46* 4.16%
11 293(bed 3695%f 0.70 28,30 4.33%0
12 265 70edef 4316 0.71 18.042 5.04%¢
13 2536% 3693%1 0.60 22,33 3.87
14 2725bedef 391 2ebodel 0.70 17.21¢ 3.52¢
15 2124¢ 38050ef 0.53 17.05% 3.00%°
16 2546%F 395600l 0.66 16.61° 4. 70
17 2413% 4171 ebed 0.61 19.402 3.84%
18 25950 4222400 0.72 33.34 4.05%°
19 293gebede 43508 0.83 36.82 4.71%
20 3043% 40 28:bed 0.80 19.89¢ 3.83%

® No statistical analysis performed; Means followed by the same letter are
not significantly different according Duncan’s test. Y Yield potential
(kg ha™), Y, stress yield (kg ha™'), STI: Stress Tolerance Index, PC:
Proline amino acid concentration mol g dry weight, CMS: Cell Membrane
Stability (%6)

Table 3: ANOVA based on factorial experiment for germination characters
of bread wheat in the laboratory

Promptness  No. of Length of Length of
oV df index Toots root (cm)  coleoptile (cm)
Factor A 1 10563.750%*  17.3850** 760.008""  13.933%*
Factor B 19 102,731 %#* 0.7400%* 9.336%* 1.853%#*
AxB 19 46.0774* 0.3650 3116™ 1.114 **
Error 50 9.138 0.1025 2.438 0.159
CV (%) - 7.610 8.0300 19.910 16.250

**: Significant at 196 level, ns: not significant, CV: Coefticient of Variation

genotype 8. Also, this genotype had the high yield in
non-stress condition (Table 2). The genotypes 8 and 4
had the highest amount of proline content.

The results of analysis of variance of the traits
measured n laboratory are given m Table 3. Highly
sigrificant differences were observed among the levels of
the first factor (A) for all the traits and among the levels of
the second factor (B) for all the traits. Drought stress
caused by PEG decreased all the traits significantly
(factor A). Tt has been found that decrease in water
potential gradient between seeds and their surrounding

120e



Asian J. Plant Sci., 6 (8): 1204-1210, 2007

Table 4: ANOVA based on CRD design for germination characters of bread wheat in drought stress condition in the laboratory

SOV dff Mean square coleoptile (cim) Root No. Root length (cm) PIS PINS GSI (%)
Genotypes 19 2.420%* 0.580%* 6.79%* 109.32%* 3.48%+ 0.036%*
Error 40 0.270 0.108 0.94 7.22 11.05 0.005
CV (%) - 24.630 9.130 18.25 8.86 6.77 10.900
*##. Significant at 1% level, CV: coefficient of variation (%o)

Table 5: Mean comparison between bread wheat genotypes for the characteristics under investigation

Genotype Coleoptile length{cm) Root No. Root Length ¢m) PIS (%%) PINS (%6) GSI (%9)

1 1. 70p%E 3.25%f 6,007 57.90%8 31205 59.67°%
2 2,50 3.80% 3,93 52.70%f 34, 20p% 65.67%%
3 1.78°%f 3.95% 5,907 40.10° 27.50% 68.00%
4 1.65°%F 3.05% 4.91°% 50,10%0* 24,208 49.00%

5 1.53%f 4.70* 5.3 45.10%f 23.80" 53.67%

6 2,530 3,550 5.287% 52.70%f 37.40%F 71.00%F
7 1.19% 3.00 1.7 48,6050 23.408% 49.67%

8 5.000 4.15° 6,157 50,20k 41,50 83.00*

9 1.88°%f 3.80%4 4.54% 49, 10%fd 39.607F 75.005
10 2.18% 3.15% 6,607 43,70 31.40P%F 72.00%F
11 2.56> 3.80% 7180 54.70% 33.40p% 61.00°%
12 0.48 3.15% 5.51%% 47.10%% 30.70°¢F 65.00%%
13 2,330 3.46°% 6,017 45.70°%F 23.208% 51.00%
14 146" 3,60 848 52.80%f 27.20% 51.67%
15 2.00°%F 3.05° 5.50p% 45.90°%F 19.80" 44,008
16 2.61% 3.15% 6.00F 51.80%F 35.00p 69.675F
17 2.13°%f 3.6500% 6,137 49.10 24,708 50.67%
18 1.83°%F 3.80% 4. 80P% 48.90%k® 3630 74.67%
19 316 3.80% 2.60% 50,4028 36200 72.00%F
20 1 70FF 4.00* 3.887 50,200 27.40% 55.67%%

Means followed by the same letter are not significantly different according Duncan’s test; PIS: Promptness index in stress condition, PINS: Promptness index
in non-stress Condition, GSI: Germination Stress Index (%)

Table 6: Simple correlation coefficient of the traits

genotypes 8, 19 and 16. The primary roots were longer in

gaits ‘5000 s ST1 CMS at the genotypes 10, 11, 14 and 8. Genotypes 8, 5 and 20 had
Yi 0.7434% 1.000 the most number of roots.

STI 0.933%% 0.487% 1.000 The highest value of Pl in stressed condition
CMS 0.398 0.247 0.450%# 1.000 ; ;

e 0. 5o 0,380 06z osgore 1 belonged to genotypes 8, 6 and 9. Using PI in stressed

and non-stress condition value, the GSI were calculated
for all the genotypes. Genotypes 8, 9 and 18 had the
highest value of GSI, respectively. Sapara ef al. (1991)
reported that in wheat and triticale, genotypes with higher
GSI had also higher drought tolerance. This is agreement

#* and *: Significant at 1 and 5% level, respectively. Y. Yield
potential (kg ha™!), Y,: Stress yield (kg ha™"), STI: Stress Tolerance Index,
PC: Proline amino acid concentration (mol g~ dry weight), CMS: Cell
Membrane Stability (%5)

media adversely affect seed germination and subsequent

growth process. Reduced fresh weight in elevated
solution of PEG (data not presented) indicated reduced
water uptake by the germinating seeds is supported by
the work of Alam et al. (2002). The effect of drought
stress was more noticeable on root length. Solution of
PEG (-0.8 MPa) reduced root length by 49%. Alam et al.
(2002) reported that the plumule length of rice was more
sensitive to PEG than either germiation or germmation
rate. Xiping (1999) showed that plumule elongation of the
cell expanding growth was the most sensitive stage to
water stress.

Analysis of variance in both of stress and normal
conditions was done separately. Table 4 shows analysis
of variance in the drought stress condition based on
CRD design. There were significant differences among all
of traits in drought stress imposed by PEG. Comparison of
means grouped the entries in different classes
(Table 5). The longest coleoptile belonged to the

with result of Mohammadi et al. (2003).

For a trait to be considered as a selection criterion for
plant breeding, it must associate with yield. Tt is therefore
essential to determine whether or not yield was correlated
with a particular physiological trait. However, because the
relationship of yield to physiological attributes 15 not
clearly understood (Gupta et al., 2001), an essential step
would consist of searching for simple correlations
between variable traits and yield under stress or drought-
response indices. To study the relationship, simple
correlation between each pair of the traits was calculated
(Table 6). Grain yield under irrigated condition was
correlated with remn-fed condition suggesting that a high
potential yield under optimum condition may result in
improved yield under stressed condition. Thus indirect
selection for a drought-prone environment based on
the results of optimum condition will be efficient.
These results are not in agreement with those of Sio-Se

1207



Asian J. Plant Sci., 6 (8): 1204-1210, 2007

Table 7: Simple correlation coefficient of the traits of bread wheat genotypes

Traits PINS PIS Root No. Root length (cm) Coleoptile length (cm) GSI (%0) STI value
PINS 1

PIS 0431 1

Root No. -0.061 0.239 1

Root length {cm) 0.224 0.362 0.116 1

Coleoptile length (cm) 0.239 0.579%# 0.317 0.620%* 1

GSI (%) 0.068 0.928#:# 0.286 0.296 0.526° 1

STI value 0.156 0.452 0.198 0.055 0.331 0.455° 1

*#* and *: Significant at 1 and 5% level, respectively, S8TI: Stress Tolerance Index, PIS: Promptness index in stress condition, PINS: Promptness index in

non-stress condition, GSI: Germination Stress Index

Marde et al. (2006) who found that cultivars of wheat with
low yield potential were more productive under stress
condition. STI was positively correlated with Y, and Y.
With selection for ligher STI (Fernandez, 1992)
genotypes with high potential under both conditions are
selected. In other word, the higher the value of STI for a
genotype, the higher its stress tolerance and yield
potential. PC was positively correlated with STT (Table 6).
Mohsenzadeh et al. (2006) reported that when the
drought condition was extended to 18 days, free proline
amount was increased for 30 times. Proline accumnulation
in great amounts is an established fact for many plant and
animal species which most probably is not occasional
(Kocheva et al., 2003). However, the exact mechamsms of
its action mn the adaptation to stress are not completely
understood yet. Nevertheless, the accumulation of proline
could be regarded as an indicative reaction in response to
stress at the cellular level (Delauney and Verma, 1993). A
possible association of proline accumulation with the
drought resistance of different genotypes will obviously
have a major practical importance: Tt would provide an
easy screening criterion to plant breeders and help
agronomists to assess the field performance of
genotypes. The main problem, however, lies m the
ambiguity of the term drought resistance for field crops
(Karamanos, 1995). The criteria change among
mvestigators: Singh et al. (1972) used the yield stability
index over a range of water stress to associate proline
accumulation with the drought resistance of barley
varieties. We tried to examine proline accumulation in
wheat genotypes using STT and CMS to associate proline
accumulation with the drought resistance.

A significant positive correlation was found between
CMS and STI indicating that the higher the CMS, the
higher 1s drought stress (Fig. 1). The Cell Membrane
Stability (CMS) is a measurement of resistance induced in
plants that are exposed to desiccation created artificially
by polyethylene glycol (Sullivan, 1971). In the present
study the CMS techmique was used to screen for drought
tolerance of different bread  wheat genotypes.
(2004) showed that greater water loss
corresponded to greater membrane damage. This is in
agreement with our experiment. The results showed that

Kocheva et al.

10071 o CMS
o Snvﬂg
g0 W PC (mol g 'DW)

Value

1 3 5 7 9 11 13 15 17 19
Genotypes

Fig. 1: Relation of CMS, PC and STT

the use of laboratory test systems simulating drought by
application of agents such as PEG can reveal character of
the resistance of the leaf cells to dehydration induced by
drought stress. The highly positive correlation found
between CMS and PC. The more drought tolerant
genotypes accumulate more proline when subjected to
dehydration, at the same time less damage of the cell
membranes is observed.

The opimon shared by many authors that free proline
might be involved in the stabilization of the membranes
during water stress is confirmed in owr experiments
(Kocheva et al., 2003).

Tt was not a significant correlation between CMS and
yield stress.

The PIS and PINS showed high and positive
correlation with GSI (Table 7). Farshadfar et al. (2002)
found high correlation coefficient between PI and GSL
There was a significant correlation between coleoptile
length and GSI indicating that the longer the coleoptile,
the higher is drought tolerance. Coleoptile length was also
screened as mdex of drought tolerance (Bouslama and
Schapaugh, 1984; Farshadfar et al, 1993). Root length and
root number were not associated with GSI, neither are
they related to drought response indices in this study.
This is not in agreement with Mohammadi et al. (2003)
who found high and positive cormrelation between
primary root number, root length and GSI. The GSI
and PIS showed significant positive correlation with

STI.  Tikhonov (1973) found high correlation
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coefficients between PI, STT and GSI. It is concluded that
tolerance to water stress in growing seedlings can be
screened for by using PEG-containing nutrient solutions.

In conclusion therefore, in a breeding program they
can be used as a selection criterion for drought tolerance,
under controlled conditions at earlier stage of the plant
growth. These criteria may be screened for indirect
selection of drought tolerance in the imtial stages of the
crop growth.
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