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Table 1. List of the studied wheat genotypes
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Fig. 1. Monthly rainfall (mm) and mean temperature (°C) in 2011-2012 cropping season
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Table 2. Field soil properties.
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Table 3. Analysis of variance (Mean Squares) for studied traits under non-stress and stress conditions
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ST 9686506™  15460116™  425177.2% 321597.14™  82.94™ 3941
Genotype
Error (s 38 9641982 10614084 612479.0 255457.77 90.63 29.80
Sl o pb 16.60 19.00 8.74 12.64 19.03 22.45
CV%
Table 3. Continued. aolol Y Jgos
&ls 4138 439 alcww o &l olaws aloew Job
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Genotype
Error s 38 12.6401 3.5844 24.89 50.53 0.884 1.268
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Table 3. Continued. alol Y Jgom
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Table 3. Continued. aolol Y Jgos
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CV% Olpusi copo 3.13 4.26 1.00 1.03 11.94 11.05
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" *and ™*: Non significant, significant at the 5% and 1% probability levels, respectively
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a5 ol b g e S Jisl mhaw o cae cpl
Lylys o o s OS] g Dol 9925 pae odimo)lis
S Sl ] | (SiS GiS ey g Sds WS
2 Sl b a8 sas Jleel gloj (SiS (5 dwsyoe
R PURARN & oL:f u.:Lo}».)
A lssten b e x g bie S5 oy
GRS g A e lilpd 50 Sufelen o Shee Sl
Sl Caws 4 S 0 0,5 AVIFR g VAV (S e
A Ghals Sl lawgio jsbay (Sis A5 (0 Jgu)
205 (eypdee Seaisl Suislen o See a0
(O Jguz)

Ly (Sid i Lulyd o Siele o ,Sles ials
Kochaki and Sharif) ool ool (5,155 505 50 laise
wils o Sloe a5 Cad 55850 0 ,Slae (Hoseini, 2008
9L 5 e (5525 USh o] e oS 09 anome 5| Sl j2aS
el (S A5 gepd Sl G Sigdem 0 Sles
5 ot Sasslse o ,Shes il sl iy Sea s
SpS oo )3 Jad BT S p b cos e alls
(Afiuni et al., 2015)
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b BT (S 5 g G g daal i s aslllaes yge 5lao (s S o il g 42325 F g
Table 4. Combined analysis of variance studied traits under non-stress and terminal drought stress conditions

ST Az SUieam o ySles als o, hos Al yo ails sl
S.0.V ¥ gl d.f. Biological Yield  Kernel Yield  Grain Number per Spike
fE“)Vi"O“me“t TNE 1 724070810 737175298" 40.02m
Replication/E buzxo (4958 51,55 4 108445997 509073 115.37
Genotype (G) wig; 19 11256124 440132 65.77"
GxE Lo x Cuig 19 13890498 306642 23.32m
Error g;&:‘.l-ﬂji slbs 76 10128033 433968 37.71
CV.% o g 8 ; 17.75 10.17 19.87
Table 4. Continued aolsl ¥ Jaus
4z,
sl 41-*-»* Jeb g e'-é-."’)‘ JSSley Jgb wsJLH Jeb
SOV i sl df Spike Length Plant Height Peduncle Length Penultimate Length
(El;‘)““’“me“t e 1 56.526"  1895.76™ 0.4551m 531.5967"
Replication/E buzo (9,0 ,1,5 4 0.576 13.62 5.1640 1.3996
Genotype (G) ey 19 2.119™ 31.89™ 2.1197" 7.4493™
G xE buzox cuigi 19 1.389m 16.77" 0.6595™ 1.6415™
Error swloil gas 76 1.281 42.07 1.1617 3.0210
C.V.% Olpadd 9 b - 11.74 7.40 6.02 9.81
Table 4. Continued aolol .F Jaus
T eSanis e Samey Uy S ol (o glyie
ool Hectolitre Day to Physiological Leaf Relative Water
S.0.V ¥ gl d.f Weight Maturity Content
e renment o 331432.85°" 4600.4083" 5543.91°"
Replication/E Lo (90,1 S5 4 117.50 15.9667 33.02
Genotype (G) i g5 19 1093.70™ 14.2013* 50.62n
GxE buzo X i 9§ 19 494.56™ 1.6539™ 54.63"
Error ol glas 76 657.93 5.3526 63.67
C.V.% Ol 0 b - 3.66 1.01 11.65

. - wk
doy ) 90 Jliol mhaw j8 lo pxe g 8 g mé ol S g o

s, % and **: Non significant, significant at the 5% and 1% probability levels, respectively

* ns
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Sy gy b 1 (St s e als o5 tals
Dastfal ) coul ool (5,155 Cglate o8, £55 5 puldl o 23
(et al., 2011; Ahmadi Lahijani and Emam, 2013
Qi @ olgen |y (Sas 1 Gl ye Al e 9 rals
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(Afiuni et al., 2015) ols e

Lals b 5 0,90 2L g bl 4 savass 03,9,
Al wls Gad p Al>je 0 (SiS 5 9l (AU
sled s 4y ( Kt A5 dlaslgas als 355 tals Yiazs|
0,99 (b olisS (nlpli 5 0y 0595 (SLb slaje, (o YL
Lo T L azlgn 0 ol 5 a0 iolidlay Hlas el ails o 5
i oah sl (i 2 b ol 5,55 S
laails (ol 5SzsS 5 als (ud » 0)90 8l 4 e

b 5T (S (5 g G 9o bl o aslllaos y90 ©liao &yt o33 9 uilso D Jgor
Table 5. Means and variations percentage of the studied traits under non-stress and terminal drought stress conditions

Frai i o S ol
Non-stress Stress  Variations (%)

Biological Yield (Kg/ha') S 5ed g o Slos 18701 17149 -8.30
Kernel Yield (Kg/ha) ails 5 yShos 8955 3997 -55.36
Harvest Index (%) Cbld g sl 50.03 24.32 -51.39
Thousand Kernel Weight (g) als 5152 39 35.29 20.99 -40.52
Grain Number per Spike alcew 5o ails slaay 31.48 30.32 -3.68
Spike Length (cm) alcew Job 8.95 8.65 -3.35
Plant Height (cm) ag el 91.56 83.61 -8.68
Peduncle Length (cm) Sy Jgb 17.83 17.95 +0.67
Penultimate Length (cm) Cao Ly Job 19.81 15.60 -21.25
Hectolitre Weight (Kg/100Lit) e i8S 459 75.27 64.76 -13.96
Day to Physiological Maturity SO 5aler jd (S, U 39, 235.12 222.73 -5.27
Leaf Relative Water Content (%) Sy ol o Slgino 75.30 61.70 -18.06

ails slawy mals o 4y S 31 s alow 1o ails slass alciw yo Wl Oun

10 oagdie ol Kaags 5l (B0 S o0 9o azliin )
aalgaty 00,5 Slaails o L 4y ol (Kon S20LS !
Shirani Rad ) ol (25 Lol 1 50 dusl SO ] i3580
slasy jials Jole S5 lia=e .(and Abbasian, 2011
G50k G 5o (i s G ) (GG abis o il
Luigi et ) asls o 503 J>lpe Jsb (mals ¢ lacSoss

(l., 2008

aliw Job

O (F9 98yl sme s alis Job (59, (Sis i ]
(F Jgaz) cbla vszs (g)losne glis lacadss)
Dl gre e lame )0 gl blie Sl e

g 00g ails o, Slae Lol gl 5 (SO alos jo ails olass
H5b als o Slee p Wlg oo arme ilidee Ll b Co
A s b x qodsiy bl Jlasl aals Sslice
S og o gme e din o al ol o
Co ol 6l aame daylpd 5 OS] sse oo LS
G it o ails ol 1551 o g5 (F Jgaz) s
(F Js92) ek anlie mls aiils oo b (gl gxe
9 Ot o ST g A ojleds glacadoss oS ols (las
ozl 1 alias ;5 ails ol o iaS
Dastfal et) ;),Kas 5 Jlatws @t ol b @l jo
by j0 paiF lacuisis 59, 945 adlllas o (al, 2011
5 als 3 ,Shoe (59, 15 5l gine Sl a5 Ll 9o o
Sials a5 sl 5l b T i S abisMe o Shee (g5
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Table 6. Mean comparison (combined) of studied traits in two non-stress and terminal drought stress conditions

. . . . o Sy U 3,
s a3 413 olass Jsily Jsb Con Ay Job i
Ge:noty o Grain Number Peduncle Length Penultimate - 5"’3 .
P per Spike (cm) Length (cm) Day to Physiological
Maturity
1-Parsi 32.33 16.95 18.79 226.50
2-Sivand 31.53 18.50 16.32 229.17
3 31.17 17.82 16.57 228.83
4 30.27 17.87 16.58 227.83
5 30.37 17.48 18.71 226.83
6 31.92 18.49 18.55 228.33
7 36.20 16.69 17.18 230.00
8 36.70 17.60 19.65 228.17
9 27.70 18.26 18.43 229.50
10 25.47 18.27 15.54 230.33
11 31.63 18.58 18.21 231.67
12 27.55 17.54 17.53 229.17
13 25.40 17.48 17.66 229.67
14 32.47 18.13 18.58 231.17
15 32.35 18.68 17.18 231.00
16 35.30 17.86 18.40 229.67
17 33.58 17.75 16.81 229.00
18 31.00 18.32 17.93 227.17
19-Pishtaz 25.67 18.67 16.38 228.33
20-DN11 29.48 16.96 19.29 226.17
PSlas
. 36.70 18.68 19.65 231.67
(Maximum)
(Minimum)  lo> 25.40 16.69 15.54 226.17
(Mean)  ¢Sito 30.90 17.89 17.71 228.93
LSD 5% 7.06 1.24 2.00 2.66
LSD 1% 9.37 1.64 2.66 3.53
Al Sas bld o wls pad gl 50 o Gras g
355 kos wibly laeisis 53 45 el oae Jolss | Jod aiy £l

TR Pt ),_,‘l) Cod Cade abods |y alls

Sy Jsb
Al o b g)ld pme BB s ) il eai s
395 logme lame )5 gy blite Sl g las Sl Ll
Sl Hlad (7 Jgaz) oS yo (eke aunslie gl (F J50)
5 rSdsb LI Gl 1 510 o)l slacasss o

Adg PSSy o 5olisS glilo Voo leds gl

ooy Job
Lo J1dF Jgaz) oS e (uilly apo8 b 4 az i b
Jsb o p oy o il b 5> iy Sl g
B S JU LR | PRV Ny PRCIPEL
G5 e 0 S dly Job Sl ab I e

Al o sine jsbay aF sy Slas alaxl 55 gy lis)|
w9y bl g qudsis Sl 3 )15 (Sas s |
g2 glis)] Sl (F J392) 055 o gime ol 2 Laee x
NFA 5o & (o il AVIPY) (o5 Lyl 5 lagadisi)
oolS (o g5l AV/OF) 15 (e Lol 4y S o 0
Sl S Y g Ve ojlad slacadsss (0 Jsoz) ol ol
olis laosls) wixd 5 15 Sas i b cov o ple
L Ve o)led cuigh aSul @ azgi b L(ailoais ools
Gl Soe il Juab BT (St 4 Jozile g ey05)
Voojlad qudsi) Gmizmed allb 4 S I8 Lad LL
o5 Bl Gl S e 03sr 0595 5 00l el 4 (W)
& o |y RS 208 5 0 e Juab ST (S
Bl ;5 o] jiin u133 sgmg cutls Jlo s byl
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(Siddique et al., 2000) el oo

359 9 @ =-1OVA*) Coa Ly Job Slaw b wls o Sles
Cils o s g Cudie (Sued (I =+ /OVA®) 1)giSa
(Y Jgoz)

8 ae b S Ay Jobo (Sasod (092 o Sxe g Soe
Jsb 4z 2 a5 05 el &5 (nl e )
JUES! &) g0t (S (A5) (65972 @830 ) 5 0o pp3d
Ol Bl cely a0 5 0,8 o )8 ol Loy sasme
Mohammadi ) ;Ko 3 (goeme Sgd 0 ails & Sloe
ly yaud o Silee Jobo dauin g 0l elas )l (et al., 2007
5 Bl 53 by (S 6V 8 Shos i¥s ) (S
5 e e il ails e y5e ol (Sas
Jhge (¥ Jsaz) ogs alics ;o ails slawi sl 55l sxe
ot 34> 3o (Moral et al., 2003) l,Sen 4
ol 1y als slasy g ails e 9 o Sre g e
Sl b Yo sl Suss p oo Slee slix! e
Slye JU 5 ool anign,S Lo o & el shass
g 0aiS>oS aliw o baaily 31 G o ojlash cails casus
Mohseni et al., ) wl oo (ialS &ls 50 5 a0
2016
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Table 7. Correlation analysis coefficients among traits in two non-stress and terminal drought stress conditions

1 2 3 4 5 6 7 8 9 10 11
1 Selgdem o Ses
Biological Yield
2 aboysles 98
Kernel Yield
3 et o717 030 1
Harvest Index
4 “hileoi 919 016 028 1
1000 Kernel Weight
5 e dl 606 005 001 -047 1
Grain Number per Spike
6 sewdst 536 018 0470 -003 013 1
Spike Length
7 el 510 040 034 026 03 -007 1
Plant Height
8 SOl dsb 501 2013 2001 041 -02 -005 032 1
Peduncle Length
9 oAl dsk 035 058 006 -006 038 -0.11 0.10 -034 1
Penultimate Length
10 A0 043 053" 006 019 02 -0.12 029 -025 045 1
Hectolitre Weight
1 SUded S Ui 015 017 003 002 004 010 -03 044 03 -05 1
Day to Physiological Maturity
12 Clemssly= (67 008 -0.15 -0.15 -008 003 -039 023 -0.14 -02 054

Relative Water Content

P

oy ) 5(}JL°:;_>ICJ&.;)¢)IQ&5;-.@%)5@:* s

* and **: Significant at the 5% and 1% probability levels, respectively.

oelaisl 393 4 |) ol po o i adlie ()l ;0 K2STI
adlio oylaicds aalie pl g (Wloais ools Las lacols) wisls
AD By (S 4 Jeie 5 5 lalpd 5o 0 Sles
Dged e |y osls S &l i 5l aus ;0 YA/VA pgo aidlie
(YS) o5 Lalpd )3 0 Shee b (Ghie (Snros ailie o
STI 5 GMP MP sla asls b ol s Siran
(ol 9,5 TOL 4 SST (sla asli b Vb  Sivcon g
S A 4 Sl Al Gloiea | adlie ol Ol o0
Sl o pgo adlie slie p Dbl 0gas (6,356l
Ol Geizmed 20 5 (o0 (Sl A 4 Sl oSy
2 omb o8les b placads ilelazr 4 0 adse
el sl SSI g TOL (oYU jyolie 5 i Luyl,s
adlge il &5 glacasyss Sl Gl yo (IS 55k
4 e Wi (ol p9d (Shol adlhe Ll s VL Jol (Lol

ol sloadio 4 4 jmi
On ks, oeyn shiied ol leadlie 4 a4y
i pll coddapmle sl arly alas Ll oo sis
Wogad gl |y Dlsd woyd iy a5 sl adlge o
0oliiuls g0 (V US5) Edlygls i 4 (2o, RA/AY)
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Sl 0ol ools lis S8LE &jgods baylid g0 e o
(Gabriel et al., 1971)
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Table 8. Drought tolerance of genotypes based on RS parameter

ails o ySlos

o)l
Kernel Yield (Kg/ha) ad, a3y shme GBIyl RS
L) - Rt Rank Standard Rank
(Non-stress) & (Stress)
Genotype oo o Mean Deviation of Rank  Sum
1-Parsi 8891 3900 11.88 1.15 13.02
2-Sivand 8362 3700 14.50 5.28 19.78
3 8822 4030 9.56 1.03 10.59
4 8581 4227 6.63 4.90 11.52
5 8738 4293 5.69 3.32 9.01
6 9240 4270 6.69 2.55 9.24
7 8641 3819 13.63 2.83 16.45
8 8759 4552 2.81 3.58 6.39
9 9165 4344 5.13 2.03 7.15
10 9082 3610 16.56 2.73 19.29
11 9046 3581 17.50 2.58 20.08
12 8712 4129 8.56 2.94 11.51
13 9266 4509 2.81 1.68 4.49
14 9517 4027 10.44 5.46 15.90
15 9172 3729 13.88 3.50 17.38
16 8769 3789 14.63 1.26 15.88
17 8815 3853 13.13 1.26 14.38
18 9953 3869 12.31 7.52 19.83
19-Pishtaz 8451 3374 18.56 1.90 20.46
20-DN11 9110 4343 5.13 1.15 6.27
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Fig. 2. Biplot display tolerance and sensitivity to drought in 20 elite bread wheat genotypes
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Abstract

At this research, the effect of terminal drought stress was evaluated on kernel yield and its components
of 20 bread-wheat genotypes including cultivars and elite lines. The experiment was conducted using
randomized complete blocks design (CRBD) with three replicates under non-stress and terminal drought
stress conditions at Islamabad-e-Gharb Agricultural Research Station, Kermanshah Agriculture and
Natural Resources Research and Education Centre, AREEO, Kermanshah, Iran during 2011-2012
cropping year. Simple analysis of variance exhibited non-significant differences among the genotypes
for all of the studied traits under both non-stress and terminal drought stress conditions. The result of
the combined analysis of variance indicated there is no significant difference among genotypes for all
of the studied traits except grain number per spike, peduncle length, penultimate length and day to
physiological maturity. The effect of terminal drought stress was significant on all of the studied traits
except biological yield, the number of kernels per spike and peduncle length. Drought stress reduced the
average of all studied traits except peduncle length. Drought stress had the highest effect on kernel yield
and reduced it’s by 55.36% compared to non-stress conditions. Genotype 8 had the lowest percentage
reduction. The mean kernel yield of genotypes was 8955 and 3997 kg/ha under non-stress and stress
conditions, respectively. Genotypes 13, 20, 8, 9, 5 and 6 were recognized as the most tolerant genotypes
using ranking method. These genotypes were identified as the best genotypes based on biplot diagrams
under both non-stress and terminal drought stress conditions. These genotypes can be used in breeding
programs to create bread wheat tolerant cultivars.

Keywords: Biplot, Drought tolerance indices, Principal component analysis, Ranking method

*Correspondent author: Shahryar Sasani; E-Mail: shahryarsasani@gmail.com.



