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Selection of Index for Drought Tolerance in Wheat Genotype
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Abstract: This experiment was conducted on 10 wheat genotypes in Research Farm of Lion Umversity, France.
Five drought tolerance and susceptible indices (SSI, TOL, MP, STI and GMP) were calculated on the basis of
genotypes grain yield in both stressed (Y's) and non-stressed (Yp) conditions. There is a significant difference
between genotypes for indices MP, GMP, TOL and ST, while the maximum of MP, STT and GMP was belonged
to genotype 35. Genotypes 35, 25 and 6 had the most amount of STI index. Results of correlation analysis

between indices and mean of yield in both conditions showed that the most suitable indices to screen
genotypes in drought stress condition are MP, STT and GMP. The results of calculated gain from indirect
selection from moisture stress environment would improve yield in moisture stress environment better than

selection from non moisture stress environment. Wheat breeders should, therefore, take mto account the stress

severity of the environment in choosing an ndex. Finally results showed that STI and MP indices are better

than other indices.
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INTRODUCTION

Biotic and abiotic stresses result in decreasing yield
of agricultural plants and prevent yield potential
occurrence, annually. Among abiotic environmental
stresses, drought stress is one of the most important
factors for decreasing yield in the majority of cultivation
areas for agricultural plants [1]. Drought stress and
dryness affected 40 to 60 percent of the world’s
agriculture lands [2]. Tran is among dry and semidry areas
with on average atmospheric descents in every year
(240mm) [3]. In dry and semidry areas, the most important
factor to limiting economical yield is water and its
availability in critical growth stages of different
agricultural plants [1, 4]. Due to occurrence of different
forms of stress, especially drought stress m different
stages of wheat growth, the average vield which was
obtained in such areas every vear, is 30 percent of the
maximum yield which can be harvested [5].

Drought tolerance consists of ability of crop to
growth and production under water deficit conditions. A
long term drought stress effects on plant metabolic
reactions associates with, plant growth stage, water
storage capacity of soil and physiological aspects of
plant. Drought tolerance in crop plants 1s different from

wild plants. In case crop plant encounters severe water
deficit, it dies or seriously loses yield while in wild plants
their surviving under this conditions but no yield loss, is
taken mto consideration. However, because of water
deficit in most arid regions, crop plants resistance against
drought, has always been of great importance and has
taken into account as one of the breeding factors [6].
Achieving a genetic increase in yield under these
environments has been recognized to be a difficult
challenge for plant breeders while progress in yield grain
has been much higher in favorable environments [7].
Thus, drought mdices which provide a measure of
drought based on yield loss under drought conditions in
comparison to normal conditions have been used for
screening drought-tolerant genotypes [8]. These indices
are either based on drought resistance or susceptibility of
genotypes [9]. Drought resistance 1s defined by Hall [10]
as the relative yield of a genotype compared to other
genotypes subjected to the same drought stress. Drought
susceptibility of a genotype is often measured as a
function of the reduction in yield under drought stress
[11] whilst the values are confounded with differential
yield potential of genotypes [12]. Rosielle and Hamblin
[13] defined stress tolerance (TOL) as the differences in
yield between the stress (Ys) and non-stress (Yp)
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environments and mean productivity (MP) as the average
vield of Ys and Yp. Fischer and Maurer [14] proposed a
stress susceptibility index (SSI) of the cultivar. Fernandez
[15] defined a new advanced index (STI = stress tolerance
index), which can be used to identify genotypes that
produce high yield under both stress and non-stress
conditions. Other yield based estimates of drought
resistance are geometric mean (GM), mean productivity
(MP) and TOL. The geometric mean is often used by
breeders interested in relative performance since drought
stress can vary m severity m field environment over years
[12]. Clark et al. [16] used SSI for evaluation of drought
tolerance in wheat genotypes and found year-to-year
variation in SSI for genotypes and their ranking pattern.
In spring wheat cultivars, Guttieri et af. [17] using SSI
criterion suggested that SS5I more than 1 mdicated above-
average susceptibility to drought stress. Golabadi et al.
[18] and Sio-Se Mardeh et al. [19] suggested that
selection for drought tolerance m wheat could be
conducted for high MP, GMP and STI under stressed and
of different
genotypes under environmental stress conditions is one

non-stressed  environments. Selection
of the mam tasks of plant breeders for exploiting the
genetic variations to improve the stress-tolerant cultivars
[16]. This study was done for selection better stress

tolerant index in wheat genotypes.
MATERIALS AND METHODS

This experiment was carried out in Research Farm of
lion University, France in 2010 agricultural year using ten
wheat genotypes. Seeds were hand drilled and each
genotype was sown in five rows of 1.5 m, with row to row
distance of 0.2 0 m. The experiment was laid out in
randomized complete block design (RCBD) with two
replications. Two levels of stress treatments including:

¢  TFull irrigation (100 percent water based on plant
needs wheat cultivars at different growth stages).

*  Limited urigation (Supply plant water needs until
pollination stage and then format water until the end
of wheat growth and development).

Every line in 5 rows and 20 cm intervals and 150 cm in
width were planted. Tmmediately after planting the field
was irrigated to soil moisture profiles in root development
and saturated and 1dentical for all treatments in addition
to the germination easily 1s done. Irrigation was done with
leaking method. After harvest to evaluate the factors

affecting the performance traits, plant height, tiller number
total , fertile tillers, number of internodes, peduncle length,
length of main spike, spike original weight, awn length,
total dry weight, number of seeds per main spike and main
spike grain weight were measured.

The irrigation process was conducted by the flooding
way. lrrigation was twice prevented after anthesis for
drought treatments. The weeds were manually removed.

Each plot was harvested after physiological maturity;
and follow drought tolerance and drought susceptibility
indices calculated by yield of genotypes in both normal
irrigation and drought stress conditions:

ST = 1-(Y,/Y))
SSI = (1-(Y,/Y,)/SI
MP = (Ynp+Ysy)/2

TOL = (Y, Y.)
STI = (Y, xYg)/Yp*
GMP = vYnxY,

Data were analyzed using SPSS16 for analysis of
variance and Duncan’s multiple range tests was employed
for the mean comparisons.

RESULTS AND DISCUSSION

Achieved results from variance analysis of grain
yield in both drought stress and normal wnrigation
conditions showed that there is a significant difference
between under-study genotypes in normal irrigation
condition, while there was no difference significantly
between under-study genotypes in drought
condition (Table 1). Therefore it seems that genotypes

stress

had different susceptibility or resistance for grain yield
reaction to stress. Sunilar results were obtamed byO,
Bruckner and Frthberg, [20].

With respect to results of correlation coefficients of
different indices (Table 2) and grain yield in two drought
stress and normal wrigation conditions, It was observed
that indices STI, MP, GMP and HM had the above-
mentioned characteristic. These indices have positive and
significant correlation with grain vield of genotypes at
probability level of 1% i two drought stress and normal
rrigation conditions. Therefore, genotypes which had
higher amount of these indices identified as the most
tolerant genotypes. In relation to other indices it has been
seen that TOL mdex has a positive and significant
correlation with yield in normal wrigation condition, but
its correlation with yield in drought stress condition was
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Table 1: Results of analysis of variance for drought tolerance indices

MS

5.0V df YP YS SSI MP GMP TOL STI HM
Replication 2 - -
Genotype 9 w4 R _ w4 ok w4 w4 w4
Error 18 2.68 1.59 0.98 1.025 1.89 4.65 0.017 0.96
ns: non significant differences; *: significant at p<0.05; **: significant at p<0.01
Table 2: Correlation coefficient between different indices and grain yield

YP YS 8SI MP GMP TOL STI
YS 0.005 1
SSI 0.731%* -0.331 % 1
MP 0.818%* 0.256% 0,574 1
GMP 0.710%* 0.448%* 0.355%* 0.860%* 1
TOL 0,750+ -0.261% 0.833%* 0.616%* 0.434%% 1
STI 0,704+ # 0.436%% 03574 0.850%* 0.875%% 04435+ 1

significantly negative. Since genotypes which had lower
amounts of this index, identified as tolerant genotypes,
selection process according to this index lead to choosing
genotypes which had high yield in drought stress
conditions, but their yield 1s low i normal irrigation
condition. So this index and SSI can not be helpful to
identifying tolerant genotypes. Relevant findings to GMP,
MP and STI m these conditions are compatible with
Fernandez, [15].

DISCUSSION

Yield and yield-related traits under stress were
independent of yield and yield-related traits under non-
stress conditions, but this was not the case m less severe
stress conditions. As STI, GMP and MP were able to
1dentify cultivars producing high vield m both conditions.
When the stress was severe, TOL, YSI and SSI were
found to be more useful indices discriminating resistant
cultivars, although none of the indicators could clearly
identify cultivars with high yield under both stress and
non-stress conditions (group A cultivars). It 1s concluded
that the effectiveness of selection indices depends on the
stress severity supporting the idea that only under
moderate conditions, potential vield greatly
influences yield under stress [21, 22]. Two primary

stress

schools of thought have influenced plant breeders
who target their germplasm to drought-prone areas. The
first of these plilosophies states that high input
responsiveness and inherently high vielding potential,
combined with stress-adaptive traits will improve
performance m drought-affected environments [7, 23,
24, 25]. The breeders who advocate selection in favorable
Producers,

environments follow this philosophy.

therefore, prefer cultivars that produce high yields when
water is not so limiting, but suffer a minimum loss during
drought seasons [26]. The second 13 the belief that
progress in yield and adaptation in drought-affected
enviromments can be achieved only by selection under
the prevailing conditions found in target environments
[27, 28, 29]. The theoretical framework to this issue has
been provided by Falconer [30] who stated that yield in
low and high yielding environments can be considered as
separate traits which are not necessarily maximized by
identical sets of alleles. Over all, drought stress reduced
significantly the yield of some genotypes and some of
them revealed tolerance to drought, which suggested the
genetic variability for drought tolerance in this material.
Therefore, based on this limited sample and environments,
testing and selection under non-stress and stress
conditions alone may not be the most effective for
increasing yield under drought stress. The significant
and positive correlation of Yp and MP, GMP and STI
showed that these criteria indices were more effective
in identifying high yielding cultivars under different
moisture conditions. The results of calculated gain from
indirect selection in moisture
would 1mprove yield in moisture stress enviromment
better than

environment. Wheat breeders

stress  environment

from non-moisture  stress
should, therefore, take
into account the stress severity of the environment when
choosing an index.

selection
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