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Table 1. Pedigree of the studied genotypes inrésisarch

g osled
Genotype no.

0y

Pedigree

Batera//Buc/To 173/5/0mid/4/Bb/Kal//Ald/3/Y50E/3*KéEmu
1-60-1//Emu"s"/Tjb 84/3/1-12628/4/Catbird
1-60-1//Emu"s"/Tjb84/3/1-12628/5/0mid/4/Bb/Kal//ABIY50E/3*Kal//Emu
CMH79A.1380(CMH79A.1380-3B-2Y-1B-1Y-6B-4Y-1B-1Y-0B)/@azrd

CMH79A.210//CMH79A.955/CMH74A.487/3/Yaco/2*Parus
Alamoot*2/CMH 80A.763(CMHB80A.763-1B-1Y-3B-1Y-2B-3Y-QY
Alamoot*2/7/Vee/CMH77A.917//Vee/6/CMH79A.955/4/AgéE64*4/Cno67//Inia66/5/Nac

1
2
3
4
5 CMH83.1020/5/0mid/4/Bb/Kal//Ald/3/Y50E/3*Kal//Emu
6
7
8
9

Alamoot*2/7/Vee/CMH77A.917//Veel/6/CMH79A.955/4/AgéE64*4/Cno67//Inia66/5/Nac

10 Alamoot//CMH82A.678/Gaspard

11 Zarrin*2/7/\Vee/CMH77A.917//Vee/6/CMH 79A.955/4/Agaf3164*4/Cno67//Inia66/5/Nac
12 Zarrin*2/7/CMH79A.955/4/Aga/3/Sn64*4/Cno67//Inia6a\&c/6/CMH83.2517

13 Zarrin*2/7/CMH79A.955/4/Aga/3/Sn64*4/Cno67//Inia6a\&c/6/CMH83.2517

14 Alvand*2/7/Vee/CMH77A.917//NVee/6/CMH 79A.955/4/Agaf3164*4/Cno67//Inia66/5/Nac
15 Alvand//CMH81.749/MV17

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//CMH77.93/3RMH79.959/5/T.SPH/2*H567.71
19 (Falat/5/Ti/3/Fn 1h//Nar/59*2/4/Boc)*2/6/Opata*2/Wul

20 (Falat/5/Ti/3/Fn 1h//Nar/59*2/4/Boc)*2/6/Yaco/2*Paru

21 (Falat/5/Ti/3/Fn 1h//Nar/59*2/4/Boc)*2/6/Rsk/CA 805Gham 6

22 (Nik.N/6/Ald"s"/5/Rfn*2 1908/2*Cfn//Cc/3/2*Cno/4/Rsh)¥Z/Catbird

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

24 (Hys/IDrc*2/7¢/3/2*Rsh/4/1-125.77)*2/5/0pata*2/Wulp

25 (1-60-1//Emu"s"/Tjb 84/3/1-12628)*2/4/Yako/2*Parus

26 (Avd/Vee#1//1-27-6275/Cf 1770)*2/3/MV17

27 (Almt/Bow"s"//Nkt"s"/3/C-70-13/MV16)*2/4/Y ako/2*Parsi

28 (Zrn/Passarinho)*2//Catbird

29 (FIn/Accl/Ana/3/Pew"s"/4/F12.71/Coc//Cno79)*2/5/0paiaVulp

30 (FIn/Accl/Ana/3/Pew"s"/4/F12.71/Coc//Cno79)*2/5/Catbir

31 (Viking/Inia)*2//Catbird

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

33 Zarrin/7/Vee/CMH77A.917//Vee/6/CMH79A.955/4/Aga/3/3ri6/Cno67

34 Zarrin/7/CMH79A.955/4/Aga/3/Sn64*4/Cno67//Inia66/atN6/CMH83.2517




YO VWAY 5l fpges oylad fpomty 0,95 e Slagios
WA YT elys gl o ool oSl culislen LT =Y Jgu
Table 2. Meteorological details in Ardabil statifon 2012-2013 cropping season
Month ole Cagh) Sk (ﬁﬁ;az?:g)
Rainfall (mm) (Minimum) Jsla> (Maximum ,:Sla> (Average lwgie
22 Sep.-21 Oct. g 1.3 9.6 24.3 17.0
22 Oct.-21 Nov. okl 8.0 0.7 16.5 8.6
22 Nov.-21 Dec. N 0.1 0.5 15.2 7.9
22 Dec.-21 Jan. &9 19.4 -6.7 5.7 -0.5
22 Jan.-21 Feb. oy 31.7 -5.1 4.1 -0.5
22 Feb.-20 Mar. NVEIW 28.3 3.1 6.3 1.6
21 Mar.-20 Apr. 9,8 20.0 3.5 15.7 9.6
21 Apr.-20 May  cuigus) 52.7 6.8 19.0 12.9
21 May.-20 June ols 5 15.5 10.3 24.0 17.1
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Table 3. Combined analysis of variance for theistlittaits under stress and non- stress conditions
(MS) Slas o 55k

s ol . R 5o ails 059
Sl 2o ol am s ] ) _ 5o &ilo olass )
Source of  ° 77 Swmelyl wn gy Sy Jsb ISy o3 it Ll e g
e df alow i aslo .
variation Plant  Plant Peduncle Peduncle ) Grain . 1000-grain
height weight length  weight Grainnumber ... Grain  yeight
per spike . yield
per spike
,J‘“’““ 1 5725.86 41.84 2239.85 0.46 3183.75 11.09 40.39 556.83
Environment (E)
e 092 )8 4 23346 146 932 0008 40668  1.25 10.96 51.11
Replication (E)
w5 33 319.69 0.66™ 16528 0.021° 100.4%  0.25 3.18 89.49
Genotype (G)
e xilsls 33  58.03° 0.61™ 27.97° 0.009"  97.3¢" 0.21™ 1.67" 36.44™
GxE
Gi*;)" sl 132 5358 049 1117 0003 4951 021 106 3459
rror
(30,3) Slyeks o 2 15.45 19.77 17.35 24.40 16.46 21.74 31.36 13.92
CV (%)
TN 910 Jml maw jo o pxe g o pre pmé o 5 A M 5* s
"s " and”: Not-significant and significant at 5% and 1% mabliity levels, respectively.
dalol =Y Jgu

Table 3. Continued

(MS) @l o (ks
Spghe  Spdsh Sppe b, 3
S vy B 5,

St e RO ST PR T
Source of variation  df Harvest  Chlorophyll o7 o7 OTR SPOhy Days to
index content Flag leaf Flag leaf Flagleaf Days to maturity
area length width heading
J‘“"" 1 297.00° 160.99 1821.80 492.63 2.10 27.36™ 776.65
Environment (E)
Loz 0350 ) 4 64559  17.48 1731 1.4 007 821  61.62
Replication (E)
w5 33 119.93 28328 38.09° 916" 009" 30.64° 33.93
Genotype (G)
L";x“g” 33 115.67  39.69" 1233  4.03"™ 0.02" 3.10™ 13.43
@&L‘“}" slbs>
. 132 67.55 48.24 7.55 280 001  1.48 5.61
rror
(32,3) Sledd e 22 16.49 12.38 1487 878 826 075 1.12
CV (%)
TN 570 Jli gl 53 s e g s s pd cui g ai g TS

ns
1

“and”: Not-significant and significant at 5% and 1% pablity levels, respectively.
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Table 4. Mean and reduction percentage of thestiaitvheat genotypes under non-stress and drotrgisss

conditions
Trait meansslio (.Sl LilS wo s
Trait Cae S RS 9 JE TR Reduction
Non-stress Drought stress (%)

Plant height (cm) (o silo) digy glas )l 53.85 40.87 24.10
Plant weight (g) (p)5) a593 (339 4.09 2.98 27.12
Peduncle length (cm) (Giosilo) JSSlay Job 23.40 15.10 35.45
Peduncle weight (g) (#,5) JSSlay &39 0.28 0.17 40.34
Grain number per spike als o als slass 47.58 37.91 20.33
Grain weight per spike (g) (p,5) aws o &l (39 2.10 1.53 27.19
Thousand grain weight (g) (p,5) als Sl 59 44.27 40.22 9.14
Harvest index Sl s el 51.31 48.35 6.10
Chlorophyll content Jdg, 5" oyl 50 57.15 54.98 3.81
Flag leaf area (cfn (e yo i) p Sy o 22.14 14.82 33.05
Length of flag leaf (cm) Groils) oz S Jsb 20.96 17.15 18.16
Width of flag leaf (cm) o silo) oz S 20 1.39 1.15 17.80
Days to heading poade> b 5, 161.01 160.12 0.05
Days to maturity S,y U 5, 213.37 208.59 2.24
Grain yield (t.hd) (LS 5o o) 8,Skee 3.83 2.73 28.44
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Table 5. Stress tolerance indices and grain yieldheat genotypes under stress and non-stresstioorgi

s o jladd
No. of Yp Ys TOL ssl MP GMP  HMP STI YsI
genotype

1 4760 2450 2310 1407 3.605 3415 3235  0.738 .5150
2 3.310 2250 1.060 0.928 2780 2729 2679  0.471.6800
3 4200 4050 0150 0104 4125 4124 4124  1.077 .9640
4 2350 1230 1.120 1381 1.790 1700  1.615  0.183.5230
5 3.900 2250 1.650 1.226 3.075 2962 2.854  0.555.5770
6 5380 2330 3.050 1.643 3.855 3541 3252  0.793.430
7 5780 4290 1.490 0.747 5035 4980 4.925  1.569.7420
8 2.910 1690 1.220 1215 2300 2218 2138  0.311.5810
9 3.450 2240 1.210 1017 2845 2780 2716  0.489 .6490
10 3.700 3050 0650 0509 3375 3.359 3344  0.714€.824
11 4330 4290 0040 0.027 4310 4310 4310 1.178.991
12 3.340 2170 1170 1015 2755 2692 2631  0.459.650
13 7.440 4260 3180 1239 5850 5630 5418  2.008.573
14 4060 3.830 0230 0.164 3.945 3943 3942  0.984.943
15 4520 3310 1.210 0776 3.915 3.868  3.822  0.940.732
16 5160 3.030 2130 1196 4.095 3.954 3.818  0.99®.587
17 4860 3.860 1.000 0596 4.360 4.331 4303  1.180.794
18 2230 1670 0560 0.728  1.950 1.930  1.910  0.23®.749
19 4780 3530 1250 0.758 4155 4.108  4.061  1.068.738
20 2.720 2330 0390 0416 2525 2517 2510  0.40D.857
21 2.970 2210 0760 0.742 2590 2562 2534  0.41%9.744
22 5960 1530 4.430 2154 3.745 3.020 2435  0.570.257
23 4720 2380 2340 1437 3550 3.352 3.164  0.71D.504
24 2500 2010 0490 0568 2.255 2242 2228  0.318.804
25 4560 2190 2370 1506 3.375 3.160 2959  0.63D.480
26 3.860 2580 1.280 0.961 3220 3.156  3.093  0.63M.668
27 3.680 2660 1.020 0.803 3.170 3.129  3.088  0.62M.723
28 3.700 1.960 1.740 1.363 2.830 2693 2563  0.459.530
29 3.690 1.900 1.790 1406 2795 2.648 2508  0.444.515
30 3.310 1450 1.860 1.629 2380 2191 2017  0.309.438
31 3.010 2740 0270 0.260 2875 2872 2869  0.52D.910
32 2,700 1610 1.090 1170 2155 2085 2017  0.27%.596
33 3.820 2840 0980 0.744 3330 3294 3258  0.6870.743
34 3.480 2270 1210 1.008 2875 2811 2748  0.50®.652

Mean 3.975 2601 1.374 0966 3.288 3.185 3.091 0.690 670.6

LSDsy 2.787 1.849 2918 1767 1.325 1156 1.133  0.539 954.

0a5Ls SSI Joss asls TOL ( Sias i Lals cou ails o Slee YS (25 oo Ll cos ails 8 ,Skee YP 55l Wil L boasls "
YSI s a5 4 Jos (23ls STI o Sigalo 25l HMP (550 300 (owiin (:Klke GMP 5550 00 (nSike MP (15 4 il

D8k 5 )lnly a3l
": The indices are: Yp, grain yield under non-stressdition; Ys, grain yield under drought stressdition;

TOL, tolerance index; SSI, stress susceptibilitglei@ MP, mean productivity; GMP, geometric mean
productivity; HMP, harmonic mean; ST, stress tafere index and YSI, yield stability index.
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Table 6. Correlation coefficient between drouglerance indices and grain yield of wheat genotypes

Tolerance  YP Ys TOL ssl MP GMP  HMP STI YSI
index

Yp 1.00

Ys 0.58 1.00

TOL 0.66°  -0.22"™  1.00

Ssl 0.26° -0.60° 0.87 1.00

MP 0.92" 0.86°  0.31™ -0.12™  1.00

GMP 0.85 0.92° 017 -0.25"™ 0.99 1.00

HMP 0.78 095  0.05™ -036 096  0.99 1.00

STI 0.84" 0.90° 0.18™ -0.23® 097 098 0098 1.00

YSI -0.26™ 0.60° -087 -1.000 0.13™ 025" 036  0.23"  1.00

% NS

TN Jleil ey o gime g s gixe s 4
SSI . Jezs asls TOL (S jin Ll cod ails o,Slae YS (a5 o bulys coo ails o ,Shee YP 35 wilo b by asls
5 i 4 Jooo (asls ST Sige )l (nSikie HMP (6550 40 (cwiin (uSilie GMP (550 0 nSibe MP it 4 el asls
5 Shee gl asls YSI

i‘s and”: Not-significant and significant at 1% probabillgvel, respectively.
: The indices are: Yp, grain yield under non-stremsdition; Ys, grain yield under drought stresadition;

TOL, tolerance index; SSI, stress susceptibilitgdedxs MP, mean productivity; GMP, geometric mean
productivity; HMP, harmonic mean; ST, stress tafere index and YSI, yield stability index.

Table 7. Principal components analysis based an gi@ld and drought tolerance indices

* Lol adlge
Principal  EV \Y Yp Ys TOL  SSI MP  GMP HMP  STI YSI
component
1 5.688 63.20 0.34 040 0.04 -014 041 042 042 041 0.14
2 3.227 99.06 0.32 -0.17 054 052 012 005 -0.02 0.05 -0.52

St bl cou ails o Shee YS (i e Ll i cod ails o Shee YP «arozsi (uib)ly dojo V ooy jlaie EV ol wiles e o asli o

S,Slee syll als YSI g o5 & Joos jasls ST Sige o
" The indices are: EV, eigen value; V, cumulativariance percentage; Yp, grain yield under soess
condition; Ys, grain yield under drought stressditian; TOL, tolerance index; SSI, stress suscdftibindex;
MP, mean productivity; GMP, geometric mean proditgti HMP, harmonic mean; STI, stress toleranceek
and YSI, yield stability index.
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Figure 1. Biplot for drought resistance indice8#genotypes of bread wheat based on first two compusne
Numbers inside the Figure are genotypes numberT@kle 1).
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Figure 2. Selecting drought tolerant genotypesgugnain yield under stress (Ys) and non-stress @gpyitions
and stress tolerance index (STI). Numbers intd-ibare are genotypes (see Table 1).
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Figure 3. Dendrogram of cluster analysis of genesypased on drought tolerance indices using Wardthod.
Numbers inside the Figure are genotypes numberT(@ele 1).
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Abstract

To evaluate drought tolerance in rainfed wheat tgres, an experiment was conducted with 34
genotypes of bread wheat in two conditions (drougtiess and non-stress) using randomized
complete block design with three replications, 012-2013 growing season. Combined analysis of
variance over two experiment showed that drougieisstsignificantly decreased plant height, plant
weight, peduncle weight and length, grain weight geike, grain number per spike, 1000 grain
weight, grain yield, chlorophyll content and dayrifgening, but there was no significant effect ba t
harvest index and days to heading. Under the dtocmidition, the genotypes 7, 11 and 13 had the
highest grain yield with an average of 4.290, 4.28@ 4.260 ton.h3 respectively, while under the
irrigated condition, the genotypes 13, 22 and Mpced the highest grain yield with an average of
7.44, 5.96 and 5.78 ton:harespectively. To identify drought tolerance ggpes, drought tolerance
indices such as tolerance index (TOL), stress suibdéy index (SSI), mean productivity (MP),
geometric mean productivity (GMP), harmonic meaM@y, stress tolerance index (STI) and vyield
stability index (YSI) were used. Results showed GsIP, MP, HMP and STI indicesere positively
correlated with grain yield under both stress ama-stress conditions. Therefore, thegn be
exploited not only to screen drought tolerance dist to identify superior genotypes for both stress
and non-stress field conditions. Principal compaoraralysis using grain yield under both conditions
and drought tolerance indicetiowed that the genotypes 3, 7, 11 and 14 weramibst tolerant
genotypes to drought conditions, while the genatyge 8, 30 and 32 were the most sensitive
genotypes.
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