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ABSTRACT

In order to evaluate drought tolerance in bread wheat genotypes, a factorial experiment based on completely
randomized block design with three replications under two water stress and irrigated conditions was used. The
experiment was carried out in the greenhouse of Campus of Agriculture and Natural Resources of Razi University in
crop season 2011. The results obtained from correlation analysis between drought resistance indices (based on
grain yield under stress and non-stress environments) showed positive significant correlation between geometric
mean productivity (GMP), mean productivity (MP), harmonic mean (HARM) and stress tolerance index (ST1) with
grainyield . Asignificant positive correlation wasalso observed between these indicesindicating their similar
pattern for identification of drought tolerant genotypes. Genotypes no 4, 7 and 8 had the highest STI values,
therefore they are suitable for stress and non-stress conditions with high grain yield. The genotypes no 3 and 7
exhibited the lowest TOL and SS values and no. 4 and 8 revealed the highest HARM index hence they are
desirable for drought prone condition. Screening drought tolerant genotypes based on all indices using mean rank,
standard deviation of ranks and rank sum (RS) distinguished genotypes 7, 8 and 3 as the most drought tolerant.
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INTRODUCTION

Wheat production in Mediterranean region is oftiemited by sub-optimal moisture conditions. Visildgndromes
of plant exposure to drought in the vegetative phare leaf wilting, a decrease in plant height, benand area of
leaves, and delay in accuracy of buds and flongrsAmong all the factors limiting wheat productivitgrought
remains the single most important factor affecting world security and sustainability in agricudtuproduction.
For improving yield under dry land conditions, tdevelopment of new wheat cultivars with high grgield
potential through identifying drought tolerance imegism is of great significance [2D)rought stress at the grain
filling period dramatically reduces grain yield [Breeding for drought resistance is complicatedhylack of fast,
reproducible screening techniques and the inaliditsoutinely create defined and repeatable watess conditions
when a large amount of genotypes can be evaludtedestly [22]. Various quantitative criteria havieeen
proposed for selection of genotypes based on el performance in stress and non-stress envieosn Based
on these indicators genotypes are compared irateiband rainfed conditions or in different levefsrrigations
[25]. Drought resistance is defined by [17] asrlative yield of a genotype compared to other tygyes subjected
to the same drought stress. Drought susceptilafity genotype is often measured as a functioneféduction in
yield under drought stress [3], whilst the values eonfounded with differential yield potential génotypes [22].
Rosielle and Hamblifi23] defined stress tolerance (TOL) as the diffeemin yield between the stress (Ys) and
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non-stress (Yp) environments and mean product{tl?) as the average yield of Ys and Yp. Fischer iadirer
[12] proposed a stress susceptibility index (S$ithe cultivar. Geometric mean productivity (GMB)dften used
by breeders interested in relative performanceesdrought stress can vary in severity in the feddironment over
years [22]. FernandefA1] defined a new advanced index (STI = stressramice index), which can be used to
identify genotypes that produce high yield undethbsiress and non-stress conditioRischer and Wood [13]
introduced another index as relative drought indiebl). Yield stability index (YSI) also was compdteand
suggested by Bouslama and Schapaugh [5]. This g#ears calculated for a given genotype using gsééhd
under stressed relative to its grain yield under-simessed conditions. The genotypes with high ¢ ®ixpected to
have high yield under stressed and low yield umaer-stressed conditions [19]. Clarke et al. Clazkal. [6] used
stress susceptibility index (SSI) for evaluationdsbught tolerance in wheat genotypes and found-tgegear
variation in SSI for genotypes and their rankingtgra. In spring wheat cultivars, Guttieri et al4] used SSI
criterion and suggested that SSI more than 1 itglicabove-average susceptibility to drought streas. [18]
defined new index of drought resistance index (Bhich was commonly accepted to identify genotymesiucing
high yield under both stress and nonstress comditibhe DI and STI consider not only the abilitygeinotypes to
grow well under stressed environments, but alsagmrformance in non-stressed environments. Inddddsand
SSPI are able to separate relative tolerant raomtolerant genotypes better than previousind@ps

The objectives of the present investigation webesg¢reening quantitative indicator of drought talece and (ii)
identification of drought-tolerant bread wheat ggpes.

MATERIALS AND METHODS

Eight genotypes of bread whedtriticum aestivum L.) listed in Table 1 were assessed in a randaméamplete
block design with three replications under twogated and water stress conditions during 2011 grgpweason in
the experimental greenhouse of the College of Ajtice, Razi University, Kermanshah, Iran (47° 9_34° 21 _E
and 1319m above sea level). The seed samples Warteg in the plastic pots with 15 cm diameter 26dcm

height and filled with 3kg soil containing sand aamimal fertilizer, as 1: 1: 1. In the 3 leavegystathere were 5
bushes in each pot. The pots were kept in theiplaeipacity area through regular watering (irigyat, the damp
of the pots were maintained about 40 percentefdahm capacity in the stress environment.

Drought resistance indices were calculated usiagatowing relationships:
i . — 1- (Ys/ YP) 12
1-Stress susceptibility index = - 7 /N7 12].
1- (Ys/ YP)

2- Relative drought index = RDI= (Ys/Y[Y/s/Vp) [13].

3-Tolerance = TOL = YP - YS [23].
Yo+ Yp

2

YsxYp
STI= —2 [11].
Yo
6- Geometric mean productivity = GMP = [(Yp)(Y$)]11].
Y
viald ey LY = =
7- Yield index = Ys [15].

4- Mean productivity MP = [23].

5- Stress tolerance index*=

— YS
8- Yield stability index :YSI - [5].
YP
10- Drought resistance index (DI) = Ys x (Ys/YpBY¥ [18].

Yp-YS
12- Abiotic tolerance index AT = g(ﬁ [V YpxYs [20].
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2(Y, xY,)

) i HARM =
13-Harmonic mean Yp +Ys [2].

Rank sum (RS) = Rank meaR( + Standard deviation of rank (SDR) and SDR%){S.

Statistical analysis
Correlation analysis and ranking method were peréat by SPSS ver. 16.

RESULTS AND DISCUSSION

The results of correlation analysiBaple 3) between drought tolerance criteria and Yp anagsh®wved positive and
significant correlation between the indices GMP, ,MHARM and STI with the yield under stress and stness
environments. Meanwhile there was positive andiggmt correlation between the mentioned indicatihrerefore,
these criteria distinguish drought tolerant genetypin a similar pattern and are able to discrineingtoup A
(genotypes that express uniform superiority in mwogated and irrigated conditions) [11]. Our rdsubre in
agreement with the reports of Abdli and Saeidi [$]p-Se Mardeh et al. [24] and Golabadi et al].[Earshadfar et
al. [8] reported positive and significant corredatibetween GMP, MP, HARM, YI, RDI and STI underest and
non-stress conditions. Farshadfar et al. [10] betiethat the most suitable indices are those haadisgciation with
yield under stress and non-stress environmentsilfRex correlation analysis also exhibited positand significant
relationship between TOL and SSI. These indicasbsved negative association with Ys and positmeetation
with Yp (Table 3) hence, selection based on these indicators witehse grain yield in the stress condition [24].
Ehdaei et al. [7] stated that there isn’t any pesiand significant relationship between grain gied the non-stress
condition and SSI.

Genotypes with the low values of TOL and SSI shovesd difference in grain yield under irrigated adbught
conditions. Genotypes 3, 8 and 7 with low SSI a@lLTTable 2) were identified as drought resistant genotypes
and desirable for stress condition. Genotype 4 Wigin STI was discriminated as drought tolerarthvkiigh grain
yield for stress and non-stress environmemtble 2. HARM index had positive and significant corteda with
GMP, MP and STI and discriminated genotypes 8 aas group A (uniform performance under stress anstress
conditions) [11]. YSI displayed negative and sigmaiht correlation with SSI and TOL and positive aighificant
association with RDI. Concerning YSI genotype 3 haghest value and genotype 4 had lowest valugnditator
had positive and significant relationship with YEhis indicator, can't recognize genotypes of theugr A. DI
criteria had positive and significant correlatioithay's and revealed no positive and significanbaggion with Yp.
ATl and SSPI indicated positive and significantateinship with Yp and negative correlation with Y&DI and
Ys, hence they are not suitable criteria for disamating drought tolerance genotypes. According1d, MP and
GMP genotype 4 was identified drought tolerant vhitlh Ys and Yp ( group A)T@able 2).

Biplot analysis

In the biplot diagramKig. 1) the angle between Ys, Yp, GMP, HARM, MP and STacute angle, therefore they
have positive correlation which confirmed by caatiedn analysisTable 3). Genotypes 4 and 8 are located near the
vectors of these groups hence, they are discrimihas drought tolerant with high performance fogsst and non-
stress environments (group A). Comparison betwesmtype 4 and 8 shows that genotype 8 is moreldaifar
stress environment, while genotype 4 is more delgirior non-stress condition. Genotypes 2 and &aid a semi-
sensitive (resistance) to drought.

Cluster analysis

Using cluster analysis with UPGMA and based on ghbuolerance criteriaFig. 2), the genotypes classified in
three groups. Group 1 (drought tolerance) consisefegenotypes 4, 8 and 7, group 2 (semi-resistaimzyided
genotypes 1 and 6 and group 3 (drought sensitiiseyichinated genotypes 2, 3 and 5. As group 1 ah@ved
maximum between group variance, therefore theyeremmended for the genetic analysis using dialledcaling
test and QTLs mapping of drought tolerance indices.

Ranking method

The estimates df vivo indicators of drought toleranc&dble 2) indicated that the identification of drought-talat
genotypes based on a single criterion was cont@glicDifferent indices introduced different landes as drought
tolerant. To determine the most desirable drougletént genotypes according to the all indices nraak, standard
deviation of ranks and rank sum (RS) ofiallvivo drought tolerance criteria were calculated. Witharel to all
indices, genotype 7 with least RS was the mostghbtolerant followed by genotype 8, while genotyde 2 and 6
were identified as the most drought sensitive.
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Table 1. Name and codes of genotypes

code Genotype
1 Bahar

Pishtaz
Vrinak
Yavaros
S-80-18
Crasalborz
Santor
D-79-15

oO~NOORAWN

Table 2.Ranks (R), ranks mean (R ) and standard deviation of ranks (SDR) of droughtolerance indicators

Genotypes  Yp R Ys R SSI R STI R GMP R TOL R

1 0.707 8 0.54 8 0938 5 0389 8 0618 8 0.167 4
2 0933 5 0557 7 1605 7 0.53 6 0721 6 0377 7
3 0.897 6 0.82 4 034 1 0.75 4 0857 4 0.077 1
4 1463 1 0.84 3 0694 8 1254 1 1109 1 0623 8
5 0947 4 0653 5 1232 6 0631 5 0786 5 0293 6
6 0.733 7 0.61 6 0669 4 045 7 0669 7 0123 2
7 1.04 3 0.89 2 0573 2 0944 3 0962 3 0.15 3
8 1204 2 1017 1 0618 3 1249 2 1106 2 0187 5

Table 2 continued

Genotypes MP R HARM R RDI R VI R YSI R DI R

1 0.623 8 0.612 8 1021 5 0729 8 0764 5 0557 7
2 0.745 6 0.697 6 0797 7 0751 7 059 7 0448 8
3 0.858 4 0.857 4 1222 1 1107 4 0914 1 1012 3
4 1152 1 1.067 2 0767 8 1134 3 0574 8 0651 5
5 0.8 5 0.773 5 0922 6 0882 5 0.69 6 0.608 6
6 0.672 8 0.666 7 1111 4 0823 6 0832 4 068 4
7 0965 3 0.959 3 1143 2 1201 2 085 2 1028 2
8 111 2 1102 1 1128 3 1372 1 0845 3 1159 1

Table 2 continued

Genotypes ATI R SSPI R R-mean RS SDR
1 0.077 3 84 4 6.36 7.78 1.42
2 0.203 7 19 7 6.64 6.98 0.34
3 0049 1 39 1 279 423 144
4 0517 8 315 8 464 589 1.25
5 0.173 6 148 6 543 555 0.12
6 0.062 2 6.2 2 5 6.39 1.39
7 0.108 4 76 3 264 274 0.1

8 0.155 5 94 4 257 4 1.43

Yp: Potential Yield, Ys: Sress Yield, S3: Stress Susceptibility Index, STI: Stress Tolerance Index, GMP: Geometric Mean Productivity, TOL:
Tolerance, MP: Mean Productivity, RDI:Relative Drought Index, Y1: Yield Index, YS: Yield Sability Index, DI: Drought Resistance Index, ATI:
Abiotic Tolerance Index, SSPI: Stress Susceptibility Percentage Index.

Table 3. Correlation coefficients between droughtdlerance criteria

Yp Ys SSI STI GMP TOL MP
Yp 1
Ys 0.694 1
SSI 0.395 -0.372 1
STI 0.927** 0.907** 0.036 1
GMP  0.922** 0.918* 0.018 0.997* 1
TOL  0.711*  -0.013 0.912**  0.401 0.383 1
MP 0.947** 0.888* 0.086 0.996** 0.997** 0.447 1
Harm 0.891** 0.945** -0.053 0.993*  0.997** 0.315 0.990*
RDI -0.395 0.372 -1.000**  -0.037 -0.019 -0.912**  -0.086

Yl 0.694 1.000** -0.372 0.908** 0.919** -0.013 0.889**
YSI -0.394 0.373 -1.000**  -0.035 -0.017 -0.912*  -0.085
DI 0.276 0.883**  -0.758* 0.606 0.625 -0.479 0.57
ATI 0.840**  0.205 0.779* 0.59 0.571 0.966**  0.627

SSPI 0.711*  -0.012 0.912*  0.402 0.384 1.000**  0.448
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Table 3 continued

Harm RDI YI YSI DI ATI SSPI
Harm 1
RDI 0.052 1
Yl 0.945**  0.371 1
YSI 0.054 1.000** 0.373 1
DI 0.68 0.758* 0.883**  0.759* 1
ATI 0.51 -0.779* 0.205 -0.778* -0.271 1
SSPI 0.316 -0.912*  -0.012 -0.911*  -0.478 0.967** 1

* **:dgnificant at 0.05 and 0.01 level of probability, respectively.
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Fig. 1. Biplot based on first and second component$ drought tolerance indices
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Fig. 2. Dandogram resulted from cluster analysis beed on drought tolerance indicators
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