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ABSTRACT

Drought is the most devastating abiotic stress factor worldwide. It severely limits
plant growth and development as well as plant performance. In order to study the
effect of drought stress on the relationship among agro-morphological traits,
34 bread wheat genotypes were tested in arandomized complete block design with
three replications under irrigated and rainfed conditions during 2012-13 and
2013-14 cropping seasons. The results of combined analysis of variance showed
that the effect of environment, genotype and genotypexenvironment interaction
weresignificant (p<0.01) for al studied traits. Biplot analysisrevealed that Harvest
Index (HI), Kernel Weight per Spike (KWS), Thousand Kernel Weight (TKW),
Flag Leaf Weight (FLW), Flag Leaf Area(FLA), Daysto Heading (DTH), Daysto
Maturity (DTM), Peduncle Length (PL), Plant Height (PH) and Biological Yield
(BY) inirrigated and the number of kernel per spike (NKS), chlorophyll content
(CHL), FLA,FLW, BY and DTM inrainfed condition had positiveeffectson Grain
Yield (GY). Theresults of correlation and biplot analyses showed that STI, GMP
and MPindiceswere positively correlated with grain yield under both irrigated and
rainfed conditions. Based on the results, the superior wheat genotypes identified
were G13 and G7. These genotypesthus may serve as parentsfor drought tolerance
improvement.
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INTRODUCTION

Bread wheat is one of the most important cereal cropsin
the world, which is grown both in arid and semi arid regions
of the world (Tunio et al., 2006). World's wheat production
was about 704 million tons in 2011 (FAO., 2011). Iran is
ranked as 14th in world wheat production. According to the
recent reports, wheat was cultivated more than seven million
haand itstotal production wasabout 14.3 milliontonsin Iran,
during 2010-2011 cropping season (FAO., 2011). Wheat is
mainly grown on rainfed land and about 37% of the area of
developing countries consists of semiarid environments in
which available moisture constitutes a primary constraint on
wheat production. Climatic variability in these marginal
environments causes large annua fluctuations in yield
(Rajaram, 2001). Improving drought toleranceis, therefore, a
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major objective in plant breeding programs for rainfed
agriculture in these regions (Ehdaie and Waines, 1993).
Evaluationsof genotypesfor drought tolerance haveidentified
key sources of tolerance. Development of drought tolerant
cultivars is hampered by low heritability of related traits and
lack of effectiveselection strategies (Kirigwi et al., 2004). The
basis of drought tolerance is complex and driven by diverse
drought adaptive mechanisms, which are normally under
multigenic control (Blum, 2005; Pinto et al., 2010). Grain
yield is frequently used in wheat as a main criterion for
drought tolerance. Selection for drought tolerance typically
involvesevaluating genotypesfor either highyield potential or
stable performance under varying degrees of water stress
(Ahmad et al., 2003). However, grain yield actualy is a
product of several contributing factorsand can be estimated on
the basis of performance of variouscomponents. Therefore,
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progress has required combining measurements of
yield-related traitsassociated with yield responseand selection
based on above yield components would result in yield
increases.

In the most of field based experiments, drought tolerance
indices, based on yield reduction under drought conditionsin
comparison to non-stress conditions are commonly used to
identify drought tol erant genotypes(Mitra, 2001). Therelative
yield performance of genotypes in drought stressed and more
favorable environments seems to be a common starting point
in identification of traits related to drought tolerance and
selection of genotypes for use in breeding for dry
environments (Clark et al., 1992). The primary goa of many
breeding programs is to identify superior genotypes through
Multi Environment Trials (MET), considering multiple traits
(Yan and Rajcan, 2002). Effective interpretation and
utilization of the MET data are very important at all stages of
plant breeding. Usually, a humber of genotypes are tested
across a number of sites and years and data on multiple traits
recorded and it is often difficult to determine the pattern of
genotypic performance across environments. Relationships
among traits impact the choice of selection and breeding
strategies. If al objective traits were positively correlated,
selection would not be much more difficult than selecting for
a single trait. If al objective traits were either positively

Table 1: Pedigree of bread wheat genotypes used in the experiment

correlated or independently inherited, selection would not be
too difficult either. However, strong negative correlations
between objectivetraitsoften exist, which make breeding very
challenging (Lewis, 2006). Therefore, sufficient attention must
be paid to undesirable associations among objective traits
when performing independent culling, because selection for
thedesiredlevelsor culling for theundesired level sof onetrait
can mean selection against the desired levels of another trait,
which can lead to the loss of useful materials or even render
the selection useless (Yan and Rajcan, 2002). The
Genotype-by-Trait (GT) biplot proposed by Yan and Rajcan
(2002) is a statistical tool for evaluating cultivars based on
multiple traits and for identifying those that are superior in
desired traits and hence could be candidates for use as parents
in a breeding program or could be directly released for
commercia production.

The objectives of the present study were to determine the
relationships among agro-morphological traits of bread
wheat under irrigated and drought conditions and to identify
agro-morphological traits related to drought tolerance.

MATERIALSAND METHODS

Plant material and experimental conditions: Thirty four
bread wheat (Triticumaestivum) genotypes (Table 1) fromthe

Genotype No. Pedigree

1 Batera//Buc/To 173/5/0mid/4/Bb/Kal//Ald/3/Y 50E/3* Kal//[Emu

2 1-60-1//Emu"s'/Tjb 84/3/1-12628/4/Catbird

3 1-60-1/Emu"s'/Tjb84/3/1-12628/5/0Omid/4/Bb/K al//Ald/3/Y 50E/3* Kal /[Emu

4 CMH79A.1380(CMH79A.1380-3B-2Y -1B-1Y -6B-4Y -1B-1Y -0B)/Catbird

5 CMH83.1020/5/0mid/4/Bb/K al//Ald/3/Y 50E/3* Kal /[Emu

6 CMH79A.210//CMH79A.955/CMH74A .487/3/Y acol2* Parus

7 Alamoot*2/CMH 80A.763(CMHB80A.763-1B-1Y -3B-1Y -2B-3Y-0Y)

8 Alamoot*2/7/V ee/CMH77A.917//\V ee/l6/CMH79A .955/4/ Agal 3/Sn64* 4/Cno67//1niab6/5/Nac
9 Alamoot*2/7/\V ee/CMH77A.917//V ee/l6/CMH79A .955/4/ A gal3/Sn64* 4/Cno67//Iniab6/5/Nac
10 Alamoot//CMH82A.678/Gaspard

11 Zarrin*2/7/\V eelCMH77A.917//V eel6/CMH 79A.955/4/Agal3/Sn64* 4/Cno67//1niab6/5/Nac
12 Zarrin* 2/7/CMH79A .955/4/Agal 3/Sn64* 4/Cno67//1niab6/5/Nac/6/CMH83.2517

13 Zarrin* 2/7/CMH79A .955/4/Agal3/Sn64* 4/Cno67//1nia66/5/Nac/6/CMH83.2517

14 Alvand* 2/7/V ee/ CMH77A.917//V ee/l6/CMH 79A.955/4/Agal3/Sn64* 4/Cno67//1niab6/5/Nac
15 Alvand//CMH81.749/MV 17

16 Alvand/4/CMH79A.210//CMH79A.955/CMH74A .487/3/Gaspard

17 Owl, 85224*-3H-*0-* HOH//CMH81.749/MV 17

18 Owl,85224* -3H-* 0-HOH/7/T.SPH/2* H567.71//CMH77.93/3/2* CMH79.959/5/T.SPH/2* H567.71
19 (Falat/5/Ti/3/Fn 1h//Nar/59* 2/4/Boc)* 2/6/Opata* 2/Wulp

20 (Falat/5/Ti/3/Fn 1h//Nar/59* 2/4/Boc)* 2/6/Y aco/2* Parus

21 (Falat/5/Ti/3/Fn 1h//Nar/59* 2/4/Boc)* 2/6/Rsk/CA 8055//Cham 6

22 (Nik.N/6/Ald"s"'/5/Rfn* 2 1908/2* Cfn//Cc/3/2* Cnol/4/Rsh)* 2/7/Catbird

23 (Nik.N/6/Ald"s"/5/Rfn* 2 1908/2* Cfn//Cc/3/2* Cno/4/Rsh)* 2/7/Milan/Sha7?

24 (Hys//Drc* 2/7¢/3/2* Rsh/4/1-125.77)* 2/5/Opatar 2/\Wulp

25 (1-60-1//Emu"s'/Tjb 84/3/1-12628)* 2/4]Y ako/2* Parus

26 (Avd/Vee#tl//1-27-6275/Cf 1770)* 2/3/MV 17

27 (Almt/Bow"s"//Nkt"s"/3/C-70-13/MV 16)* 2/4/Y ako/2* Parus

28 (Zrn/Passarinho)* 2//Catbird

29 (FIn/Accl/Anal3/Pew"s'/4/F12.71/Cocl//Cno79)* 2/5/Opata* 2/Wulp

30 (FIn/Accl/Anal3/Pew"s'/4/F12.71/Coc//Cno79)* 2/5/Catbird

31 (Viking/Inia)* 2//Catbird

32 (Ald"s'/Snb"s"//Zarrin)* 2/3/Catbird

33 Zarrin/7/Vee/l CMH77A.917//V ee/l6/ CMH79A .955/4/ Agal3/Sn64* 4/Cno67

34 Zarrin/7/CMH79A.955/4/Agal3/Sn64* 4/Cno67//1nia66/5/Nac/6/CMH83.2517
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Fig. 1(a-b): Rainfall and meantemperaturefor Moghan during
(a) 2012-13 and (b) 2013-14 cropping seasons

wheat breeding project of International Maize and Wheat
Improvement Center (CIMMYT) were evaluated during
2012-2013 and 2013-2014 growing seasons. The field
experimental design was a Randomized Complete Block
Design (RCBD) with three replications under two contrasting
irrigation (irrigated and rainfed conditions) regimes conducted
at theresearch farm of Mohaghegh Ardabili University located
a Moghan, Iran (39°39' N, 48°16' E and 32 madl). The
genotypeswere planted on 6 and 1 Nov in the 2011-2012 and
2012-2013 growing seasons, respectively, in 1.2x3 m plots,
consisting of six rows 20 cm apart at 350 seeds m—2 for
each condition. Based on a soil test before planting, 41 and
46 kg ha™* of N and P,O, were applied, respectively. Thefirst
irrigation was given at the time of late tillering. The
subsequent irrigations were applied every 14 days. Irrigated
plants received irrigation water and rainfal water, while
non-irrigated plants only received rainfall water during the
growing season (Nov.-Jun.). Rainfall and mean temperature
of the experimental site is given in Fig. 1. Weed control in
both growing seasons was conducted with an application
of the herbicides clodinafop-propargyl at 0.7 L ha™ and
tribenuron-methy! at rate of 15 g ha™.

Agronomictraits: Biological Yield (BY), Grain Yield (GY),
Harvest Index (HI) and Thousand Kernel Weight (TKW) were
measured by harvesting 1 m? of the central part of each plot at
crop maturity. Ten plants were randomly chosen from each
plot to measure the Number of Kernel per Spike (NKS),
Kernel Weight per Spike (KWS), PeduncleLength (PL), Plant
Height (PH), chlorophyll content (CHL), Flag Leaf Weight
(FLW), Flag Leaf Area (FLA), Daysto Heading (DTH) and
Daysto Maturity (DTM).
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Drought tolerance indices: Drought tolerance indices were
calculated using the following relationships:

+ Stress Tolerance (Ypxy9)/(Yp)?
(Fernandez, 1993)

e Mean Productivity (MP) = (Yp+Ys)/2 (Rosielle and
Hamblin, 1981)

» Geometric Mean Productivity (GMP) = (YpxYg)%®
(Fernandez, 1993)

e StressTolerance (TOL) = Yp-Ys(Rosielleand Hamblin,
1981)

e Stress Susceptibility Index (SSI) = 1-(YSYp)/SI (Stress
Intensity) Sl = 1-(Ys/Yp) (Fischer and Maurer, 1978)

e Yiddindex (YI) = Y9Ys(Gavuzzi et al., 1997)

e Yield Stability Index (YSI) = YS/Yp (Bouslama and
Schapaugh, 1984)

Index (STI) =

Intheaboveformulas, Ys, Yp, Ysand Y p represent grain
yield under stress, grain yield under non-stress for each
genotype, grain yield mean in stress and non-stress conditions
for all genotypes, respectively.

Statistical analysis: Datawasanalyzed using SASversion 9.1
and GGEbiplot (Yan, 2001) statistical software. Analysis of
variance (ANOV A) was performed to determine the effect of
year, environment, genotype and their interactions on the
traits. Prior to the combined ANOVA analysis,
homoscedasticity of variance among environments was tested
by the Levene test. Significant differences among genotypes
were determined using Fisher's protected LSD at 5%
probability level. The genotype-by-trait biplot was used for
studying relationships among traits and genotypes.
Pearsons’ correl ation was conducted between drought tolerance
indices and traits.

RESULTS AND DISCUSSION

Analysis of variance: The results of combined analysis of
variance revealed that there were no significant differences
between thetwo studied yearsfor all measuredtraits(Table2),
hence, data averaged across the two seasons was used for
means comparisons. The effect of environment, genotype and
genotypexenvironment interaction were significant (p<0.01)
for al measured traits. Traits were not affected by
yearxenvironment interaction. These results indicate that
studied genotypes responded differently to the different
environmental conditions suggesting the importance of the
assessment of genotypesunder different environmentsinorder
to identify the best genetic make up for a particular
environment. ThetraitsNKS, KWS, TKW, HI and CHL were
affected by genotypexyear interaction (p<0.01). The effect of
genotypexyearxenvironment interaction was significant
(p<0.01) for BY, GY, TKW and CHL traits (Table 2).
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Table 2: Combined analysis of variance for agronomic traits and grain yield of wheat genotypes

MS
Sov df PH PL NKS KWS BY GY TKW HI CHL FLW FLA DTH DTM
Y 1 1727 8.33® 67.47° 0.09™ 0.91" 0.75™ 27.46™ 0.01™ 29.96™ 0.13® 1.34® 25851  327.02®
E 1 17448.34** 7505.53**  10553.29** 33.09** 865.05** 151.75** 1531.41** 1394.66** 542.66** 35.90** 6281.93** 364.37** 4601.11**
YxE 1 0.35™ 6.61"™ 21.83® 0.01™ 10.66™ 1.62™ 3.51" 54.69™ 1.55™ 0.81™ 25.84™ 99.97"  376.39™
RIYE 8 60.59** 271 103.45**  0.32** 173" 2.76** 14.48™ 163.71** 7.34 0.19** 4.68 26.27** 57.30**
G 33 984.79** 491.32** 28352**  0.81** 3353**  915** 312.87**  402.50**  896.44**  1.34**  12323** 9533** 108.77**
GxY 33 16.21™ 4.11™ 23.78**  0.07** 0.74™ 0.06™ 16.72** 29.84** 22.26**  0.02® 1.59™ 0.35™ 2.18™
GxE 33 204.23** 104.39** 271.56**  0.68** 16.08**  2.88** 172.00**  411.91** 90.16**  0.67** 42.84**  10.71** 50.02**
GxXYxE 33 16.87™ 3.91™ 15.61™ 0.05™ 2.98*  0.60** 15.06** 19.37™ 22.02**  0.01™ 1.81™ 0.46™ 2.18™
Error 264  13.39 2.79 12.38 0.04 1.30 0.26 8.65 16.88 12.06 0.02 1.88 0.37 1.90

"Not significant, ** Significant at 0.01 probability levels, BY: Biological yield, GY: Grainyield, HI: Harvest index, TKW: Thousand-kernel weight, NKS: Number of kernel per spike,
KWS: Kernel weight per spike, PL: Peduncle length, PH: Plant height, CHL: Chlorophyll content, FLW: Flag leaf weight, FLA: Flag leaf area, DTH: Daysto heading, DTM: Daysto

maturity

Table 3: Mean of measured agronomic traits for 34 wheat genotypes under irrigated condition (averaged over 2 years)

G PH PL NKS KWS GY BY TKW HI CHL FLW FLA DTH DTM

1 59.56 26.79 48.73 2.57 4.423 7.42 53.39 59.16 57.66 2.23 25.33 159.91 210.05
2 60.63 20.94 36.98 1.88 3.245 7.49 51.34 43.20 55.60 2.09 21.19 161.10 211.06
3 53.70 23.09 47.78 221 4.107 7.97 46.36 50.75 52.62 175 18.87 159.74 211.48
4 38.40 16.55 54.32 2.35 2.236 4.09 43.54 54.07 65.20 1.82 15.99 159.74 210.46
5 50.62 1553 53.67 2.24 3.874 7.52 42.10 51.55 48.71 155 17.44 159.74 210.88
6 5351 22.63 47.89 2.06 5.450 11.75 43.67 47.44 7341 211 21.70 167.93 214.85
7 49.33 19.77 47.27 2.02 5.008 10.89 42.93 46.44 80.65 214 25.07 163.61 217.71
8 48.08 21.13 38.69 1.65 2.875 7.58 4311 37.89 47.48 201 19.39 159.15 212.14
9 43.47 16.34 53.76 194 3.217 7.19 36.55 44.64 62.63 2.03 20.53 160.75 216.46
10 51.40 19.47 58.06 2.53 3.844 6.62 44.06 58.08 56.80 221 21.31 160.75 216.46
11 46.68 22.95 48.85 1.96 4.292 9.45 40.46 45.16 48.40 1.76 19.37 160.33 211.48
12 50.36 20.14 43.97 1.76 3.163 7.76 40.34 4041 55.06 1.45 14.08 160.75 213.67
13 53.89 23.29 55.40 2.79 7.067 10.87 51.80 64.24 53.59 2.38 25.28 167.34 221.76
14 44.33 15.77 54.30 244 4.188 7.46 45.44 56.04 52.96 1.80 20.46 162.01 213.25
15 43.35 17.45 46.39 2.08 4.494 9.47 44,97 47.91 58.02 2.23 22.95 160.75 214.85
16 59.14 25.23 53.91 2.38 5.158 9.49 44.35 54.79 56.62 2.60 27.81 164.20 213.15
17 38.56 18.84 40.53 172 4.689 11.87 42.27 39.63 75.85 247 23.23 164.80 218.13
18 46.02 18.07 58.71 2.10 2.242 4.67 36.36 48.32 63.79 2.06 17.36 162.77 214.68
19 49.65 1591 50.94 2.32 4.708 8.83 46.13 53.42 70.52 2.76 26.18 163.79 218.55
20 53.73 29.70 43.90 175 2.513 6.26 38.85 40.21 61.76 2.66 21.68 161.94 219.32
21 8241 45.09 34.99 155 3.001 8.44 45.60 35.73 48.64 2.39 20.61 163.61 220.82
22 74.43 35.73 4851 2.33 5.839 11.39 47.87 53.55 49.82 3.23 27.68 171.87 223.78
23 87.62 54.12 39.80 161 4.896 13.37 40.92 36.92 37.21 184 18.25 163.37 217.37
24 47.46 17.00 43.26 214 2.469 5.02 50.23 49.10 65.01 1.80 17.74 160.33 212.49
25 48.70 21.31 52.82 1.85 4310 10.02 3531 42.44 64.74 3.15 31.22 162.77 220.08
26 38.80 14.69 41.58 157 3.992 11.06 38.07 36.03 61.56 2.39 20.40 162.53 217.71
27 75.59 36.70 53.06 2.58 3.153 534 49.07 59.29 52.47 2.39 22.54 169.85 221.41
28 54.39 19.71 42.79 181 2.822 6.79 43.24 41.61 46.23 2.30 18.35 163.37 220.92
29 61.82 34.76 35.34 1.95 3.681 8.24 56.48 44.90 50.26 314 27.20 163.37 219.14
30 55.19 26.59 51.85 2.27 3.324 6.37 44.27 52.19 51.87 3.80 34.92 160.75 219.98
31 45.13 20.45 48.82 2.24 3.110 6.02 46.45 51.57 66.34 291 27.57 159.74 213.99
32 62.22 25.76 43.43 2.50 2.668 4.64 58.08 57.48 59.15 2.92 28.13 162.77 214.09
33 51.88 20.77 45091 1.93 3.866 8.75 42.65 44.26 62.82 261 24.60 169.85 214.83
34 55.74 2534 51.15 2.01 3.522 7.26 39.66 48.55 47.73 1.99 17.72 161.34 214.76
Mean  53.99 23.75 47.57 2.09 3.866 8.15 44.58 48.14 57.68 2.32 2241 162.84 21593
LSDyps 4.23 1.79 3.46 0.18 0.663 1.47 2.50 4.33 294 0.17 1.80 0.74 1.19

BY: Biological yield, GY: Grainyield, HI: Harvest index, TWK: Thousand-kernel weight, NKS: Number of kernel per spike, KWS: Kernel weight per spike,
PL : Pedunclelength, PH: Plant height, CHL : Chlorophyll content, FLW: Flag leaf weight, FLA: Flag leaf area, DTH: Daysto heading, DTM: Daysto maturity,

G: Genotypes

Comparisons of mean for traits: Means of grain yield and
agronomic traits of genotypes in irrigated and rainfed
conditionsaregivenin Table 3 and 4, respectively. Resultsfor
grain yield depict that the highest and lowest grain yield
belonged to the genotypes G13 (7.066 t ha™') and
G4 (2236 t ha™) under irrigated condition (Table 3).
Under rainfed condition, genotypes G7 (4.996 t ha ) and
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G4 (1.228 t ha™) had the highest and lowest grain yield,
respectively. Drought stress reduced biological yield of all
genotypes significantly. Genotypes G23 (13.369 t ha™),
G17(11.865tha™*) and G6 (11.748t ha™*) had high biological
yieldsand genotypes G4 (4.090t ha™*), G32 (4.6t35ha ) and
G18 (4666 t ha™®) had low biological yields under
irrigated condition. Under rainfed condition, genotypes
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Table 4: Mean of measured agronomic traits for 34 wheat genotypes under rainfed condition (averaged over 2 years)

G PH PL NKS  KWS GY BY TKW HI CHL FLW  FLA DTH DTM

1 5495 2323 3526 130 2440  6.77 36.15 3741 60.15 149 1359 15892 20867
2 4489 1857 3189 157 2241 443 49.37 51.98 50.91 157 1471 15892  208.40
3 4731 1340 3999 202 3858 690 49.80 59.37 50.84 137 1197 15810  206.30
4 3348 1234 3344 168 1225 196 51.38 62.42 63.08 167 1496 15737  203.38
5 4023 1076 3097 167 2241 397 52,54 57.43 50.27 150 1224 15865  209.86
6 33.92 9.84 2952 090 2320 512 30.25 4543 71.01 155 1214 15993  207.94
7 3809 1611 4606 211 4997 815 45.95 61.23 71.97 195 1867 15065  204.74
8 3350 1373 4727 228 1683 237 48.73 72.10 54.81 182 1553  159.38  207.58
9 4485 1451 4248 204 2231 362 48.10 62.39 4563 1.16 905 15965  205.20
10 3321 1128 3502 140 3037 622 40.10 49,01 48.74 148 1207 15892 20547
11 4242 1314 5449 209 4155  7.38 38.47 56.20 49.36 200 1589 15865  207.85
12 4259 1475 4716 182 2161  3.78 38.61 57.84 49.06 177 1292 15938  208.13
13 3985 1574 4712 196 4242 712 4173 59.34 56.75 215 1793 16340 21863
14 32.35 973 3411 131 3814  7.36 38.89 51.79 46.14 181 1394 16221 20858
15 3600 1219 3721 123 3296 624 32.46 53.09 56.58 156 1346 16112  208.86
16 4214 1647 3775 127 3017 634 33.64 4754 50.85 198 1702 16258 21534
17 27.71 752 4239 144 3844 656 34.26 58.49 80.74 171 1470 16285 21013
18 2493 1187 2930 078 1663 339 26.89 49.15 51.31 144 1053 16285  207.94
19 3892 1203 3993 169 3515 652 4251 53.70 69.76 213 1705 16166  209.13
20 5590  27.33 5432 165 2384 493 30.87 4791 55.46 167 1288 16112  207.39
21 5320 1840 2792 074 2201 892 26.13 25.17 4951 153 1241 16313  209.86
22 5136 2017 2967 118 1524 349 40.15 4475 4968 184 1587 16970 21817
23 4971 2878 3051 104 2370 469 33.83 51.75 38.87 141 1050 16112  207.94
24 32.76 877 3517 156 2002 367 44.10 54.60 64.78 163 1390 16112  208.04
25 3755 1395 3398 126 2181 507 37.24 4298 56.28 206 1740 15965  209.31
26 34.35 915 4108 161 2569 471 39.32 54.89 54.23 184 1628 15965  210.59
27 5082 2005 3533 155 3135  6.79 4350 46.30 58.26 182 1294 16486  209.86
28 4205 1347 3907 134 2875 632 3452 4550 54.75 147 1278 15965  210.87
29 4440 1685 2294 109 1892 486 47.63 39.00 46.75 179 1515 16011  205.66
30 4648 1840 3408 170 1444 313 50.26 46.03 47.93 175 1602 16267  210.87
31 2949 1364 3382 142 2728 471 41.76 57.92 61.09 190 1796 15838 21279
32 4842 1673 3882 186 1603 344 48.46 46.59 57,51 215 1774 16239 21571
33 4527 1726 3710 156 2828 5092 41.65 47.80 61.01 206 1906 16769  209.12
34 3803 1575 3636 163 2260 348 4491 65.60 48.66 173 1604 15692 20511
Mean 4091 1517 3739 152 2646 524 4071 51.84 55.37 173 1450 16095  209.22
LSDyes 429 2.16 489 028 053 121 447 5.39 5.28 0.14 1.25 0.65 161

BY: Biological yield, GY: Grainyield, HI: Harvest index, TWK: Thousand-kernel weight, NKS: Number of kernel per spike, KWS: Kernel weight per spike,
PL : Peduncle length, PH: Plant height, CHL : Chlorophyll content, FLW: Flag leaf weight, FLA: Flag leaf area, DTH: Daysto heading, DTM: Daysto maturity,

G: Genotypes

G21(8.921tha™), G7(8.149t ha™!) and G11 (7.379 t ha™)
had high and genotypes G4 (4.090 t ha™), G32 (4.6 t35 ha™)
and G18 (4.666 t ha™*) had low biological yields. The TKW,
as an important yield grain component, also decreased
significantly with drought stress (from 44.58 g under irrigated
condition to 40.71 g under rainfed condition). Under irrigated
condition the highest TKW value was observed for genotype
G32 with 58.08 g and the lowest value for genotype G25 with
35.31 g while under rainfed condition highest TKW was
assigned to genotype G5 with 52.53 g and the lowest TKW
was observed in genotype G21 with 26.12 g. Under irrigated
condition, the highest HI belonged to genotype G13 (64.24%)
followed by genotypes G27 (59.28%) and G1 (59.15%) and
thelowest val ue bel onged to genotype G21 (35.73%) followed
by genotypes G26 (36.03%) and G23 (36.91%). Under rainfed
condition, the highest HI was assigned to genotype G8
(72.10%) followed by genotypes G34 (65.59%) and G4
(62.41%) and the lowest HI was observed in genotype G21
(25.16%) followed by genotypes G1 (37.41%) and G29
(38.99%). Warrington et al. (1977) explained that drought
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stress at anthesis may lead to yield loss by reducing TKW and
if accompanied with high temperatures after anthesis,
accelerates whole plant senescence and reduces biological
yield and HI. Bayoumi et al. (2008) and Dorostkar et al.
(2015) observed that grain yield, biological yield, HI and
TKW decreased under stress condition.

The number of the grains per spike is an important grain
yield component. It has been reported that high yield in the
durum wheat varieties are associated with the increasing
number of grain per spike (Calderini et al., 2006). The highest
NKS under irrigated condition was recorded for G18 (58.71)
followed by G10 (58.05) and G13 (55.40), while the lowest
NKS was observed in G21 (34.98) followed by G29 (35.33)
and G2 (36.98). Under rainfed condition, the highest NKS
belonged to G11 (54.48) followed by G20 (54.32) and G8
(47.27). Thelowest NK Shelonged to G29 (22.94) followed by
G21 (27.92) and G18 (29.30). Severe water stress from the
seedling stage to maturity reportedly reduced al grain yield
components, particularly the number of grain per spike, dry
matter and harvest index (Garciadel Moral et al., 2005).
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In irrigated condition, genotypes G13 (2.79 g), G27
(2.58 g) and G1 (2.57 g) had the highest KWS and genotypes
G21 (1.55 g), G26 (1.56 g) and G23 (1.60 g) showed the
lowest KWS. In rainfed condition, genotypes G8 (2.28
g), G7 (2.10 g) and G11 (2.08 g) had the highest KWS and
genotypes G21 (1.55 @), G26 (1.56 g) and G23 (1.60 g)
showed the lowest KWS. Drought stress reduced plant height
and peduncle length of genotypes significantly. Plant height
ranged from 38.39 cm (G4) to 87.61 cm (G23) under irrigated
condition and from 24.93 cm (G18) to 55.89 cm (G20) under
rainfed condition. Generally, drought stress caused a
decrease in PH, up to 8.80 cm for the means of genotypes.
Richards et al. (2001) have reported that one of the major
effectsof drought stressisto decrease plant height, which al'so
caused a reduction in dry matter accumulation and
subsequently plant production.

Pedunclelength ranged from 14.68 cm (G26) to 54.12 cm
(G23) under irrigated condition and from 7.52 cm (G17) to
28.78 cm (G23) under rainfed condition. Drought stress
decreased the mean PL for 34 genotypes by 13.60 cm.
Plaut et al. (2004) reported that the peduncle length of wheat
was reduced in the drought stress.

Drought stress caused an obviousdecreasein FLW across
al 34 genotypes. The mean FLW of 34 genotypes under
irrigated and rainfed condition was 2.32 and 1.73 g,
respectively. Drought stress resulted in decrease in FLA.
Under irrigated condition, genotypes G30, G25 and G32 had
bigger FLA, while G12, G4 and G18 smaller FLA. Under
rainfed condition, genotypes G33, G7 and G31 had bigger
FLA, while G9, G23 and G18 had smaller FLA. Blum (2005)
suggested that asmall flag leaf areaisbeneficia under drought
stress due to being dehydration avoidant.

Chlorophyll content (CHL) was decreased significantly
under drought stress. Under irrigated condition the highest
CHL value was observed for genotype G7 followed by G17
and G6 and the lowest value for genotype G23 followed by
G28 and G8, while under rainfed condition highest CHL was
assigned to genotype G17 followed by G7 and G6 and the
lowest CHL was observed in genotype G23 followed by G9
and G14. Similar results were observed by Sayar et al. (2008)
inwheat and L onbani and Arzani (2011) inwheat and triticale.
Drought stress accelerated days to heading for all genotypes.
The extent of acceleration was different among genotypes.
Under irrigated and rainfed condition, the mean DTH of all
genotypes was 162.84 and 160.95 days, respectively. Under
irrigated condition, genotypes G8, G4 and G5 had earlier
DTH, while G22, G33 and G27 had later DTH. Genotypes
G34, G4 and G3 showed the earliest DTH, while G22, G33
and G27 werethelatest DTH under rainfed condition. Drought
stress affected days to maturity among the 34 genotypes. The
DTM under rainfed condition was earlier than that under
irrigated condition. Drought stress caused 7 days acceleration
inthemean DTM of 34 genotypes. Under irrigated condition,
genotypes G1, G4 and G5 had earlier DTM, while G22, G13
and G27 had later DTM. Genotypes G4, G7 and G34 had
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earlier DTM, while G13, G22 and G32 were the latest DTM
under rainfed condition. Kilic and Yagbasanlar (2010)
reported that the number of daysto heading and the number
of days to maturity were reduced under drought stress
condition.

Visualization of relationshipsamongtr aits: Tovisualizethe
interrel ationshipsamong studied traits of 34 genotypesin each
environments, genotypeby trait biplotsare presentedin Fig. 2.
The biplots were based on the first two principal components
derived from subjecting the standardized genotype-by-trait
table. Inthe biplots, avector isdrawn fromthe biplot originto
each marker of the traits to facilitate visualization of the
interrel ationship among the studied traits. Thebiplot explained
53 and 48% of the total variation of standardized data for
irrigated and rainfed conditions, respectively. A relatively low
proportion of the total variation explained by the biplots
indicates the complexity of the interrelationship among the
traits (Y an and Rajcan, 2002).

Under irrigated condition, HI, KWS, TKW, FLA, FLW,
DTH, DTM, PH, PL and BY constituted agroup of traitswith
positive effects on GY (indicated by acute angles between
vectors for those traits and GY), while CHL had a negative
effect on GY, asindicated by the obtuse angles between their
vectors. A near zero correlation was between NKSand GY as
indicated by the near perpendicular vectors. Strong positive
correlations were observed among NKS, KWS and HI and
among PH, PL and BY traits. Chlorophyll content (CHL),
NKS, KWS and HI were negatively correlated with PH, PL
and BY.

Relationshipsamong traitsunder irrigated condition were
different from those under rainfed condition, which suggested
that there was differential response of genotypes to the two
environments. Under rainfed condition, NKS, CHL, FLA,
FLW, BY and DTM had positive effectson GY (indicated by
acute angles between vectors for those traits and GY). KWS
and DTH were less positively correlated with GY. The TKW,
HI, PH and PL were not correlated with GY as indicated by
the right angle between their vectors. NKS, KWS, HI and
TKW were negatively correlated with PH and PL. Other
relations revealed from the genotype by trait biplot include
positive associations among KWS, HI and TKW, between
PH and PL and among DTH, DTM and BY . Genotype by trait
biplot provides more information on interrelationship
among traits than other commonly used methods, such as
path coefficient analysis (Rubio et al.,, 2004).
Fernandez-Aparicio et al. (2009) demonstrated that the
genotype by trait biplotswere an excellent tool for visualizing
genotype-by-trait data and revealing the interrelationships
among traits.

Thepolygonview of GT biplot allowsvisuaization of the
which-won-where pattern that identifies genotypes that are
best for certain traits and it is also used as independent
selection criteria based on severd traits (Yan and Rgjcan,
2002). Under irrigated conditions (Fig. 3a), genotype G22 had
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Fig. 2(a-b): Vector view of genotype by trait biplot which showing relationship among the traits under (a) Irrigated and
(b) Rainfed conditions. Numbers inside the figure are genotypes number. BY: Biological yield, GY: Grain yield,
HI: Harvestindex TKW: Thousand-kernel weight, NKS: Number of kernel per spike, KWS: Kernel weight per spike,
PL: Peduncle length, PH: Plant height, CHL: Chlorophyll content, FLW: Flag leaf weight, FLA: flag leaf area,

DTH: Daysto heading, DTM: Days to maturity

the highest values for FLA, FLW, GY, DTH, DTM and PH,
whereas genotypes G21 and G23 had the highest valuesfor PL
and BY . Genotype G13 had the highest valuefor TKW. Under
rainfed conditions (Fig. 3b), genotype G13 had the highest
valuesfor GY, FLA, FLW, BY and DTM. Genotype G8 had
the highest value for HI and TKW. Genotype G7 had the
highest valuefor KWS, NKSand CHL . Genotype G21 had the
highest value for PH and PL.

Relationshipsbetween drought toler anceindicesand tr aits:

The result of correlation analysis (Table 5) showed that STI,
GMP and MP indices were positively correlated with grain
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yield under both irrigated and rainfed conditions. Therefore,
they can be used as suitable criteria for identifying drought
tolerance in genotypes. The capability of the GMP and STI
indices to identify genotypes satisfactorily under both
conditions observed in this study is consistent with the results
reported by Fernandez (1993) in mung bean and Nouri et al.
(2011) in durum wheat. The TOL and SSI indices were
positively correlated with grainyield under irrigated condition,
while they were negatively correlated with grain yield under
rainfed condition. The observed relations were in agreement
with those reported by Bahrami et al. (2014) in safflower and
Nouri et al. (2011) in durumwheat. Fernandez (1993) reported
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Fig. 3(a-b): Polygon view of genotype by trait biplot of 34 wheat genotypes under (a) Irrigated and (b) Rainfed conditions.
Numbersinsidethefigurearegenotypesnumber (Table1). BY: Biological yield, GY: Grainyield, HI: Harvest index,
TKW: Thousand-kernel weight, NKS: Number of kernel per spike, KWS: Kernel weight per spike, PL: Peduncle
length, PH: Plant height, CHL: Chlorophyll content, FLW: Flag leaf weight, FLA: Flag leaf area, DTH: Days to

heading, DTM: Days to maturity

that selection based on STI, GMP and MP would identify
genotypes with higher levels of yield potential and stress
tolerance, whereas, SSI and TOL indices had a significant
negative correl ation with seed yield under stressconditionsbut
a positive correlation with seed yield under non-stress
conditions. Therefore, selection based on SSI and TOL
decreases grain yield under normal conditions but increasesit
under drought-stress conditions. The YSI was positively
correlated with grain yield under rainfed condition, but it was
negatively correlated with grain yield under irrigated
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condition. A positive correlation was found between Y1 and
grain yield under both irrigated and rainfed conditions. In
rainfed condition, NKS, KWS, BY, CHL, FLW, FLA and
DTM traitswerepositively correlated with STI, GMPand MP
indices, while TKW was negatively correlated with them.
These results indicate that genotypes with high NKS, KWS,
BY, CHL, FLW, FLA and DTM have high drought tolerance
under rainfed condition. NKS, KWS and BY were positively
correlated with STI, GMP and MP indices, while they were
negatively correlated with TOL and SSI indices.
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Table 5: Correlation coefficients between agronomic traits and drought tolerance indices under irrigated and rainfed conditions

Parameters  PH PL NKS KWS BY GY TKW HI CHL FLW FLA DTH DTM
Irrigated

TOL 0.284**  0.240** 0.100™  0.186** 0.569** 0.669** 0.141** 0.187** -0.090™ 0.249** 0.306** 0.326** 0.173"
SS 0.184**  0.162**  0.046™ 0.112™  0.341** 0.381** 0.135® 0.114™ -0.061™ 0.213** 0.235** 0.168** 0.079™
STI -0.043™  -0.095™ 0.271**  0.319** 0.574** 0.804** 0.067™ 0.316** 0.211** -0.114™ 0.130™ 0.170**  0.047™
GMP -0.014™ -0.072®  0.237** 0.281** 0.635** 0.825** 0.053® 0.278** 0.192** -0.108™  0.149** 0.209** 0.057™
MP 0.041™ -0.021™  0.239** 0.296** 0.689**  0.884** 0.069™ 0.293** 0.164** -0.059™  0.192** 0.261** 0.088™
YS -0.184** -0.162** -0.046™ -0.112™ -0.341** -0.381** -0.135™ -0.114™ 0.061™ -0.213** -0.235** -0.168** -0.079™
Yl -0.131™ -0.166** 0.169** 0.171** 0.318** 0.444** -0.019™ 0.168** 0.211** -0.207** -0.001™ 0.054™ -0.020™
Rainfed

TOL 0.108™ 0.129™ -0.216** -0.179** -0.313** -0.368** -0.041"™ -0.154** -0.074™ 0.092™ 0.089™ 0.257**  0.350**
SSI 0.046™ 0.067™ -0.284** -0.155** -0.524** -0.586** 0.076™ -0.098™ -0.107 0.027™ 0.057™ 0.138**  0.187**
STI -0.128™ -0.107*  0.354** 0.204** 0.653** 0.842** -0.109™ 0.153** 0.257** 0.302** 0.264** 0.053™  0.192**
GMP -0.099™ -0.108™  0.309** 0.147** 0.694** 0.865** -0.146** 0.114™ 0.236** 0.291** 0.253** 0.068™ 0.189**
MP -0.067® -0.076™  0.269** 0.114™ 0.655** 0811** -0.152** 0.078™ 0.214** 0.298** 0.259** 0.120™  0.240**
YS -0.046™  -0.067™ 0.284**  0.155** 0.524**  0.586** -0.076™ 0.098™  0.107™ -0.027" -0.057™ -0.138** -0.187**
Yl -0.129" -0.151** 0.388** 0.217** 0.817** 1.000** -0.120™ 0.168** 0.249** 0.230** 0.195** -0.040" 0.019™

"Not significant, ** Significant at 0.01 probability levels, BY : Biological yield, GY: Grainyield, HI: Harvestindex, TWK: Thousand-kernel weight, NK'S: Number
of kernel per spike, KWS: Kernel weight per spike, PL: Peduncle length, PH: Plant height, CHL: Chlorophyll content, FLW: Flag leaf weight, FLA: Flag leaf
area, DTH: Daysto heading, DTM: Daysto maturity, TOL: Stresstolerance, SSI: Stress susceptibility index, STI: Stresstoleranceindex, GMP: Geometric mean
productivity, MP: Mean productivity, Y SI: Yield stability index, YI: Yield index

CONCLUSION

Theresultsshowed that drought stressreduced grainyield
and agronomic traits except HI. Genotypes number G13 and
G7 had higher grain yields under irrigated and rainfed
conditions, respectively. The biplots for each condition were
significantly different, indicating that the rel ationshi ps among
traits are significantly influenced by drought stress. Biplot
analysisrevealed that NKS, CHL, FLA, FLW, BY and DTM
were positively correlated with GY under rainfed condition
and could bereliabletraitsfor drought tolerance and obtaining
a high potential yielding in rainfed condition. Correlation
analysis showed that STI, GMP and MP indices were
positively correlated with grain yield under irrigated and
rainfed conditions, NKS, KWS, BY, CHL, FLW, FLA and
DTM traits. Therefore, they can be used assuitablecriteriafor
identifying drought tolerance in genotypes.
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