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Table 1-Pedigree genotypes of wheat

@3, Plot No/ e Pedigree/s yxud
. - BOL1.11//F35.70/MO73/4/YMH/TO/3/LIRA CIT92/ M 0- E-OYC-7YC-
&y OYC-1YC-OYC-3YC-0YC

2 e /90-ZHONGS87 BK

3 po) ER 732/ N ALVAND/

4 C-93-4 TILA/SHARK/F4105W2.1 NWAA15/A

5 C-93-5 ERYT1554.90/MV1

6 C-93-6 SPN/MCD/3/NZR/4 LD"s'..

7 C-93-7 BOW/CROW/3RSH//3B/3/91 U

8 C-93-8 JI4//SHARK/F4105W2.1 R8/

9 C-93-9 BLUEGIL-2/ UCUR /SI E NA

10 C-93-10 AJIVI A

11 C-93-11 K-1 G HA 196/
D= 1-( Ys /YD)
SSI=[1-(Ys/YP)]/D (1)
STI=(Yp * Ys)/ (YP)? (v)
TOL=Yp-Ys (v)
GMP=AYpxYs (¥)
MP=(YP+YS)/2 (&)
HARM=2(Yp)(Ys)/Yp+Ys (%)
MSTI=kiSTI (V)
K1=Yp* YP 2
K2=Ys? YS 2
RE%=[(Yp-Ys)/Yp]x100 (A)
YI=Ys/ Ys (*)
YSI=Ys/Yp )

—

—_ —~ —~ —~ —
—
— .
—_ — — = —

—

ATI=[(Yp-Ys)( Y p/ Y s)][VYpxYs]
SSPI=[(Yp-Ys)/2(Y p)]*x100

—
-

SNPI=[3V(Yp+Ys)(Yp-YS)] [BV(YpxYsxvys)]
DI=Ys x (Ys/Yp)/ Ys
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Table 2- Analysis of variance composite at two years on grain yield

POV VTN &35 4y Olarpo (Ko
S.0.vV df Mean of squares
Year/ Ju 1 24.946%*
Rep/(JLo),),ss 4 0.444 ns
Irrigation/ ¢ Ll 1 158.39 **
IrrigationxYear / ¢,Lilx Juo 1 2.172ns
Errorl/l s 4 0.415
Genotype/wy; 10 0.469 *
YearxGenotype/ ugix Jus 10 0.740 **
lesigix gl 10 0.134 ns
IrrigationxGenotype
B 955% 6 lulx Jlo 10 0.209 ns
IrrigationxGenotypexYear
Error 2/2 s 80 0.201
CV=7.5%

e dfe

Loyd ) 90 s 53 lsine 5 Bsine b ayhy 9T NS
ns, * and **: no significant, significant at level 5 and 1 percent respectively
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Table 3-Mean comparison effect of year on grain yield on base Duncan test

Jw 413 3 Slos
Year Grain yield (kg ha™)
2014-2015 6407 a
2015-2016 5537 b

5l gei (P<0.05) o ine AU (glyls sy 45 S o By > |y sliel
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 4- Mean comparison effect of drought stress on grain yield on base Duncan test

&b aild 5,Slos
Irrigation Grain yield (kg ha)
Normal/ ls' L] 7068 a
4877b

Stress/ i blys 55 )l

A3 es (P<O.05) s sxe B! (glyls (g y 55 S yidio gy b dlae]
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 6 - Mean Comparison genotypes on grain yield on base Duncan test

e al> 3 Slos
Genotype Grain yield (kg ha™)

1 5816 de
2 5848 de
3 6053 bc
4 5924 cd
5 5724 ¢
6 6168 ab
7 6100 abc
8 6288 a
9 6159 ab
10 5943 cd
11 5671e

ALl o3 (P<O.05) o gne B! ghyly g yo 45 S yidio g s b slel]
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 7-Mean grain yield (kg ha™) at non-stress (YP) and drought stress at reproductive phase (YS) on two years and

amounts of tolerance and susceptibility to stress

«HS¥; Yp ) Ys ) SSi g) STI &, GMP a4, MP &, TOL ad)
1 6839 10 4793 8 0.964 4 0.661 9 5725 9 5816 9 2046 3
2 6896 7 4801 7 0.977 6 0.662 8 5753 8 5848 8 2095 4
3 7240 3 4865 6 1.057 9 0.705 5 5934 5 6052 5 2375 9
4 6858 9 4990 4 0.877 1 0.685 6 5849 6 5924 7 1868 1
5 6665 11 4783 9 0.909 2 0.683 10 5646 10 5724 10 1882 2
6 7439 1 4896 5 1.099 10 0.729 3 6035 3 6167 2 2543 11
7 7201 5 5000 3 1.983 7 0.72 4 6000 4 6100 4 2201 6
8 7400 2 5176 1 0.967 5 0.766 1 6188 1 6288 1 2224 7
9 7239 4 5079 2 0.961 3 0.736 2 6063 2 6159 3 2160 5
10 7104 6 4782 10 1.051 8 0.68 7 5828 7 5943 9 2322 8
11 6862 8 4479 11 1.118 11 0.615 11 5543 11 5670 11 2383 10

ol G5 iy oam LS et Ll ad) (ke 5 bgina) ) iSasS sl
Numbers of lower in ranking , mean of rank indices indicate advantage genotype

9 oialojl Jlwgd ;5 (YS) (ouis 295 (Swid (Wi g (YP) Jol5 (5,lel dasl ol 55 ([US2 15 0,5 9S) ails 3,50os pSile 1 Jguar ol
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Continue Table 6- Mean grain yield (kg ha™) at non-stress (YP) and drought stress at reproductive phase (YS) on two years

and amounts of tolerance and susceptibility to stress

JRRD DI a3, MSTIK2 45, MSTIKI 4, HM 4,  YSI 4, YI 4,
1 0.688 6 0.63 9 0.619 9 5609 9 0.7 4 0.982 8
2 0.685 7 0.641 8 0.63 8 5660 8 0.696 6 0.984 7
3 0.67 8 0.701 6 0.739 5 5819 5 0.671 9 0.997 6
4 0.744 1 0.717 5 0.645 7 5776 6 0.727 1 1.023 4
5 0.703 5 0.613 10 0.576 11 5569 10 0717 2 0.981 9
6 0.66 9 0.734 4 0.807 2 5905 3 0658 10  1.004 5
7 0.712 4 0.757 3 0.747 4 5001 4 0.694 7 1.025 3
8 0.742 2 0.863 1 0.839 1 6091 1 0.699 5 1.061 1
9 0.73 3 0.798 2 0.772 3 5969 2 0.701 3 1.041 2
10 0.66 9 0.654 7 0.687 6 5716 7 0.673 8 0.98 10
11 0.59 11 0.518 11 0.579 10 5420 11 0652 11 0918 11

ol g5 (655 0amI LS b jad s ady 1:Kike 5 baganad, jd yiSe oS dlasl
Numbers of lower in ranking, mean of rank indices indicate advantage genotype
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Continue Table 6-Mean grain yield (kg ha™') at non-stress (YP) and drought stress at reproductive phase (YS) on two years
and amounts of tolerance and susceptibility to stress

9 SNPI 4, SSPI 4, ATI ) RE 4, Lad L 4 ) wSike
1 9.604 7 14.47 3 8.15 3 29.9 4 6.7
2 9.609 6 14.82 4 8.31 4 30.4 6 6.5
3 9.55 8 16.8 9 9.72 10 32.8 9 6.8
4 10.26 2 13.21 1 7.54 2 27.2 1 3.7
5 9.65 5 13.31 2 7.32 1 28.2 2 6.5
6 9.51 9 17.99 11 10.591 11 34.1 11 6.4
7 9.93 4 15.57 6 9.18 6 305 7 4.7
8 10.37 1 15.73 7 9.943 9 30 5 3
9 10.17 3 15.28 5 9.034 5 29.8 3 3.05
10 9.36 10 16.42 8 9.33 8 32.6 8 7.8
11 8.67 11 16.86 10 9.11 7 34 10 10.3

ol G5 iy oam LS et s ad) (ke 5 bgina) ) iSasS sl
Numbers of lower in ranking, mean of rank indices indicate advantage genotype
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Table 7- Some meteorological parameters during two years of experiment in Mashhad

ob (%0) (oo b, (mm) Sa,b (Mmm) juses (C%) &l an 3 (1S5le
Month Relative humidity Precipitation Evaporation Mean temperature
2014 2015 2014 2015 2014 2015 2014 2015
2015 2016 2015 2016 2015 2016 2015 2016
e a7 45 16.7 13.8 156.5 148 18.1 18.6
October
Ul
o 65 61 30.6 17.6 39 82.2 8.7 11.2
November
5
” 73 64 318 16 55 6
December - -
o 67 56 20.9 12.7 - ~ 6.5 7.3
January
o 70 62 38.7 13.7 75 5.2
February - -
KU
73 65 41.6 58.4 5.7 12.1
March - -
0#229° 58 66 216 94.6 181.4 65.4 14.9 136
April
P l
me) 43 55 236 413 2376 179 21.4 21.2
May
REyes
23 38 0.3 6.6 364.1 300.4 26.9 25.6
June
» 22 28 0 0 4442 358.1 29.7 28.1
July

oke 54 54 225 274 142.2 113 144 14.8
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Table 8- Correlation coefficients between grain yield and tolerance evaluation and stress susceptibility indices

YP YS Tol MP GMP STI SSI Yl YSI HM  MSTIKL  MSTIK2 DI Re ATI SSPI SNPI
YS .586
Tol .697° -172
MP .924* 852" 37
GMP .884*  897* 281 .996*
STI .883* .897* 279 .995*° .999°
ssl .612° 226 944 289 204 202
YI 598 1* -.169 .853* .898°* .899° -.224
YSI -.405 .502 -.973" -.25 .69 .70 -9 5
HM .841* .931* .199 .983* .996°° .994° 122 .932° 153
MSTIK1 .969* .763* 504 .987* .969° .969° 417 765 -.173 944
MSTIK2 .750* 973" 50 .945% 971 972 -.33 974° 296 916 .886°°
DI 135 .882* -.616" 504 583 583 .635° .88* .850* .649° .369 -.754*
Re 446 -.462 .952°* 71 -.23 -.24 .932° 459 .997*° -.108 217 -.256 -.825*
ATI 878" 127 .955* .628" 552 551 .889™ 130 792 478 736 342 -.355 .819*
SSPI 697° -172 1 .370 281 279 .944° -.169 -.937* 198 503 5 -.616" .952°° 955
SNPI .332 .549 -.82 474 497 .507 -.188 .549 .264 .508 441 .55 483 -.266 .805 -.083
203V 50 g )3 e cuspa T 5"
*,** significant at level 5 and 1 percent respectively
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Introduction: Wheat is important plant in the economy of the world. Between wheat cultivars, bread wheat
(Triticum aestivum L.) is the best cultivar for nutrition. Drought stress led to decrease production, therefore, it
causes problems for nutrition and agriculture. Iran is located in dry belt of the earth and its annual rain average is
250 mm. In dry land, grain filling phase is faced with a warm season when the air temperature is high and soil
water storage is reduced. For screen best drought tolerant genotypes must use from drought tolerance and
susceptibility indices. The purpose of this research was to identify and determine drought tolerant and high yield
lines for introduction in drought stress conditions during reproductive phase and to determine the indices with a
desirable efficiency for evaluating reaction of genotypes to stress conditions.

Materials and Methods: An experiment based on randomized complete bock design with three replications
was conducted Torogh Mashhad Agricultural Research Stations, Iran, during 2014-2016 growing seasons. In this
research eight genotypes of winter wheat with three control cultivars of Mihan, Orum, zare were compared under
two conditions of full irrigation and water stress during reproductive phase. Statistical analysis was performed by
using SAS and SPSS software. After harvesting, yield and indices drought tolerance indices including SSI
(Stress Susceptibility Index), STI (Stress Tolerance Index), GMP (Geometric Mean Productivity), HARM
(Harmonic Index), MP (Mean Productivity), YSI (Yield Stability Index), Y1 (Yield Index), DI (Drought Index),
MSTI (Modified Stress Tolerance Index), ATI (Abiotic Tolerance Index), SSPI (Stress Susceptibility Percentage
Index), RE% (Reduction Percentage), SNPI (Stress non-Stress Production Index), TOL (Tolerance).

Results and Discussion: Results showed that the effect of year, genotype and irrigation and interaction
effect between year and genotype were significant on all of studied traits. Drought stress decreased yield of
genotypes about 32% and 30% in the first and second year, respectively. Other investigation showed that
drought stress at the reproductive phase led to reduce current photosynthesis and high respiration. According to
Fernandez, indices that have a significant correlation with grain yield in both stress and non-stress conditions are
superior indices because they are able to distinguish high-yield genotypes in both conditions. In our research
there was a significant and positive correlation between GMP, MSTI, HM, STI, MP with grain yield in both non-
stress and stress conditions. In drought stress conditions genotype 8 and 9 ranked had the highest yield (5176 and
5079 kg ha'), and were selected as the most tolerant genotype.

Conclusions: This research showed that drought stress at the reproductive phase reduced grain yield. GMP,
MSTI, HM, STI and MP showed significant and positive correlation with grain yield in both non-stress and
stress conditions. Genotype 8 had the highest rank in all of the mentioned indices, it could be considered as
tolerant genotype to the drought stress at the reproductive phase due to the proper grain yield in both stress and
non-stress conditions.
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