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Table 1- Descriptive statistics of estimated coefficients of phenotypic and genotypic variation and narrow-sense heritability
for agronomical and morphological traits of recombinant inbred lines of wheat under normal and water stress conditions
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Table 2- Results of analysis of variance of studied traits in recombinant inbred lines of wheat under normal conditions

Slazpe Kk
Mean Square
Ol s 2alio ol 3,5dos s i 5 241 o359 v 4 &l s 3 Al dlass
) Sos FB NS .
Source of a3 Cadils Sujelem ] : aliw Number of Thw sy
variaton . j i Grain 1000-grain . . .
L1 Harvest Biological . : Grain weight grains per Number of
n 5 yield weight N . . . 2
df index yield in the spike spike spike per m
rS 1
M 116.21 72307 1058 10.59 0.12 6.53 151207
Replication
e
Treatment
045 gronal
Non-adjusted 168 35.48° 338121™ 54335"™ 36.53* 0.04™ 196.66" 82902™
treatment
0 gral
Adjusted treatment 168 37.32° 405632* 81817 26.21° 0.03™ 192.02" 127923
)55 53 0k walis Sob
Adjusted block 24 42.34 2173871 310104 64.06 0.18 296.86 501824
within replication
Sob 3 s 144
#Jﬂ 24.58 132432 20100 9.63 0.02 195 31013
Error within block
RCBD 4 cuus (2334
Efficiency
overRCBD 104.08 282.34 270.03 161.12 170.41 102.44 279.42
(%)

oyd K g gy Jlein] e 53 )1 ize g )l ime puf odimd L (S iy ik g % @IS
ns’ *and ** , respectively represent non-significant and significant at probability levels of 5 and 1%
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Table 2- continued: Results of analysis of variance of studied traits in recombinant inbred lines of wheat under normal

conditions
Slazpo il
Mean Square
Ol g 2alie U 59, alaxs U 59, dlaxs - .
=& . » 2 98B G g, dlass W g, i Jsb g asly 3 il olas
Source of &djl 4 5 Slidlos 5 R ¥ .
variation Al Plant Spike Number of seed per
df Days to Days to . height lensth p
. . Days to heading eig eng
maturity anthesis
1,85
o 1 39.12 5890 12.11 689.23 6.80 61708493
Replication
A5 st et
Non-adjusted 168 98.96" 5033™ 16.06™ 238.26™ 109.89™ 146359270 ™
treatment
l°-‘~7 o e 168 930818 4900™ 12.19% 77.41° 111.62™ 188158853°
Adjusted treatment
S5 )3 0l ka5 Sl
Adjusted block 24 208.52 4730 38.63 1267.35 144.88 403707429
within replication
ol Jsbs s 144
Error within block 84.92 4975 3.01 49.03 108.81 125325650
& S (235
(%)RCBD
Efficiency 111.36 105.11 23735 399.99 101.14 119.92
overRCBD
(%)

0yd K g gy Jlein] g 53 )1 ize g )l ime puf odimd L (S gy ik g % @IS
ns’ *and ** non-significant and significant at probability level of 5 and 1%, respectively
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Table 3- Results of analysis of variance of studied traits in recombinant inbred lines of wheat under water stress conditions

Slazpe il
Mean Square

oS oo saiwslas PO &3
2”’” & : ay o -l aliw Al )0 dld (59 Al l52 Al 3, Slos SG59lgm 3 Sdhos sl
Ou,rc? N &3l c ? Number of Grain weight 1000- Grain Biological Canils
variation Number of . . . . 2 :
df X P grains per in the spike) grain yield yield) Harvest
spike per m . .
spike weight) index
1,85
o 1 12286 319.22 0.15 169.74 232461 3722836 103.56
Replication
LRt} @"‘"")L“:’
Non-adjusted 168 77042™ 44.58™ 0.02™ 180.52"™ 37364™ 245445™ 30.92™
treatment
28 gt sl 168 79462° 34.58™ 0.019* 180.55™ 49513 231855" 41.55"
Adjusted treatment
S5 )3 048 sz Sk
Adjusted block 24 320392 137.66 0.12 198.62 242175 1720322 130.46
within replication
ol Sl las 144
Error within block 18227 31.82 0.01 170.19 8370.55 51615 11.38
4 Sl (R34
(%)RCBD
Efficiency 296.82 132.91 251.3 100.33 438.54 493.47 220.64
overRCBD
(%)

oyd K g gy Jlein] g 53 )1 ize g )l ime puf odimd L (kg % @IS

ns’ *and ** , respectively represent non-significant and significant at probability levels of 5 and 1%
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Table 3- continued: Result of analysis of variance of studied traits in recombinant inbred lines of wheat under water stress

conditions
©lxipo (il
Mean Square
Olyti 2ol aaly 4> &l dlasi U 9,0l U 59y dlani
o & . 4y 9 ) i Jbo i 5 397 ;9;' g 5y 5 g9, ol
Source of variation . b > Gy glis ) s yoo SLidlos
X . ) i ) o S
! Spike Plant height Days to
dt Number otz' seed length g Day§ to Days t? maturity
per m heading anthesis
1,85
[ 1 505308220 9.81 52.73 28.41 171.83 117.16
Replication
“M e o 168 70862032 4.22" 285.38"™ 13.34 14.51* 22.06°
Non-adjusted treatment
.“‘3 SO 168 65120900 4.10™ 73.25% 9.47* 10.35* 9.47*
Adjusted treatment
OS5 53 00 wda S'sly
Adjusted block within 24 295881725 5.84 1574.06 41.40 36.96 94.61
replication
Ssb ol L
Error within block 144 30807978 3.92 28.18 1.90 2.44 249
4 s (23 7)RCBD
Efficiency overRCBD 349.03 266.56 551.87
(%) 197.62 102.20 774.73

2oyd S g gy Jloin] e 50 )b gme g ) dxe juE odiad Ll (o 4y i g % OIS
ns *and ** , respectively represent non-significant and significant at probability levels of 5 and 1%

Hgby) GRS pas g (G byl 43 a8 oS g 3 il SlacnY U990 9 (1)) Olho (ke Al —£ Jou
Table 4- Mean comparison of agronomic and morphologic traits of recombinant inbred lines in wheat under normal and
water stress conditions

anlllae 3,90 lino
Traits

sl 52ty 2 i 2l 3 W 3 Slos 15 5,Slos I3, Al 53 4l 31

Zodld A Lo 3 > aildy s A315,132 o3 o 3D A31D dlaxs
treatment s SR o J””‘ i A 5 o3 )

. Harvest Biological Grain yield 1000-grain Number of
N“m“:; ‘:izsl"ke index(%) yield(kg/ ha) (kg/ ha) weight(gr)  grains per spike

Ll les 867.15 16" 33.75 +0.31° 16346 £33.53° 5574 £13.07° 33.33 £0.29° 20.18 +0.77°

Norral 15+ 75 0. +33. +13. 33 0. 18 £0.
S::“‘;S 785.6 £14° 28.50 £0.29" 11999 +28.67° 3557 £10.89° 2734 +0.72° 16.57£0.37°
(&

P<e]+0) didb o gyl sme Sglis (Shb S pe it By L slapSilie
Means with different letters are significantly different (P <0.05)

by QA pas g G byl 93 )0 eSS g5 3l SlacnY Sujgled 90 9 (1)) Ol (aSle A lio —£ g ol
Table 4- continued: Mean comparison of agronomic and morphologic traits of recombinant inbred lines in wheat under
normal and water stress conditions

axllbe dy90 Olo
Traits
Lows aliww ,d Al o3 . . .. . _ . .
7o TR0 . 5o elis IR U 9 dlas U jg dlaxs 5ty U 39, dlae
treatment Grain weight s Job Yy EW, . Ladles 5 Davs to
in Spike length Plant height s < . ys .
the spike Days to heading  Days to anthesis maturity
(ald) 0.65 £0.05° 10.44 £0.57° 86.56 +0.83° 139.23 £0.19* 150.76 +3 85 173.07 £0.55°
Normal
S;“‘SS 0.44+0.008" 9.73 20.11* 78.49 +0.89° 138.98 0.18° 145.77 0.18" 169.77 £0.24°
€.

(P<~/~&) Ll e (gl dme o5 (b Syiie pe By b (a1 Sle
Means with different letters are significantly different (P <0.05)
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Table 5- Correlation coefficients of studied traits in recombinant inbred lines of wheat under normal conditions

B

1 2 3 4 5 6 7 8 9 10 11 12
Trait
1 b 305 b 5g) Sl 1
Days to heading
2 SLidled S L 55, ;I_\l.:{ _0.01™ 1
Days to anthesis
3 P B3 2L 040" 0.002 1
Days to maturity
4 gl 22y )3 b slas 021  -0.02"  0.15" 1
Number of spike per m*
abiw Jobo ns ) ns :
-0.01 s -0.02 s
3 Spike length(cm) 0.01 0.01 !
6 e 040% 005  0.26% 048  001™ 1
Plant height (cm)
bt ;3 &l ol ns ns ns ns ns oo
7 . . 0.02 0.04 0.03 -0.05 0.02 0.15 1
Number of grains per spike
8 o ke dbey 020 0.1 0.4  -0.09"  -0.02™  045° 041" 1
Grain weight in the spike(g)
alolis o5 ns s s s s oo ns s
9 s -0.04 0.04™ 006" 002" 003" 0177 -0.05" 044 1
1000-grain weight (g)
<t
10 i ySles B 0.39 0.06™ 0.22%  0.73* 0.08™ 073 018" 052" 028" 1
Biological yield(kg ha ")
g soly )3 &l 3)Slac o ; o o ; - - - - -
030 s 0.20 0.70 " 0.64 0.24 0.61 035 0.94
i Grain yieldkg/ ha) 0.06 0.08 !
sl y jasls s ) . .
12 -0.07"™ 0.02™ 0.05* 0.12* 0.01™ 0.08™ 0.23* 047* 025" 0.16™ 044 1

Harvest index(%)

oyd S g daoyd gy Jlein ] pda 3 I3 gixe g 5 xe e odimd LS (o Sy ik g % @IS
ns’ *and ** | non-significant and significant at probability level of 5 and 1%, respectively
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Table 6- Correlation coefficients of studied traits in recombinant inbred lines of wheat under water stress conditions

..
1 2 3 4 5 6 7 8 9 10 11 12
Trait
1 alis yob B 59, olaws 1
Days to heading
) SLidles S 5o, )l-\.x; 0.94% 1
Days to anthesis
3 ey B g S 0.80%  0.82" 1
Days to maturity
4 ghaw 22y )3 sl 034" 032" 049" 1
Number of spike per m”
Al
5 o e 0.15* 0.19* 0.22* 0.13* 1
Spike length(cm)
6 dae 0.58*  0.57° 073" 0.65° 027 1
Plant height (cm)
bt ;5 &y sl oo oo e s oo oo
7 . . 0.28 0.32 045 0.24 0.18 0.49 1
Number of grains per spike
8 o ekenaby 027" 031 048" 034" 025" 065" 064" 1
Grain weight in the spike(g)
)l o5 . . . . . B oo oo
9 a5 0l 0.05™ 004  004™ 008™ 003" 014" 019" 020 1
1000-grain weight (g)
K595 Shas
10 2 5 1 049  0.51° 068" 077 027" 082* 054" 0.77° 0.15* 1
Biological yield(kgha ')
Iy 5 &b 3 Slae
1 gl oly b 22 038 039 057 080" 022° 074 0517 080 017" 094 |
Grain yieldkg/ ha)
by padls ns ns - - ‘ - - - - - -
12 -0.02™ -0.05™ 0.14 0.54 0.09™ 038 0.32 0.61 0.14 0.47 0.70 1

Harvest index (%)

o> S5 g guy Jlein] a3 )5 gixe g 5 dme s odd LIS oS ey s g % @S
ns’ *and ** , non-significant and significant at probability levels of 5 and 1%, respectively
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Table 7- Drought tolerance index in the most tolerant and in the most sensitive lines and their overall means

G 95

Genotype

GMP STI SSI

(oerile) 69 Y
Line69(sensitive)
(c25dosie) T ¥
Linel(tolerant)
I oo

Overall mean

230.01 0.17 1.58

1112.95  3.98 0.35

665 2.1 0.98

e Uil S b 5, sl Ciio il Cov 4 WS o 4y
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Ol 5 03,8 odlaul o Jole &y &y 355 W Triticum durum) pg,93
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ded 9 2z g Sl Jalo 9 3)Slae (linl 0 350 p)ler 5 p9
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o Jole sl (5305t Jole ol oo 1y ol ] o8 g e
Job 15U coov wdgws ang |y Oliuss JS 51 0o )2 Y/AY o
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Sy Slogad cogpay Jole can o wob L Gl oye
Sy B p3Y o eolelial g 2 )Slas (il Sliosad o2
g i Cloogad ety (asls g 3 Slas s (05 5 0)93
oy |y Laool aly of ao dAY/Y 29as oLS Wby (oingy 090

g Olico Gle d9290 by yeuds jolateds by Jole & 325 |l
Goobond B 03,8 o odlatl buly, ool slise 2 ol saieg S
izt ot le oo 5L 1a] 3y cnge oS iy o
sl L Joole 4y 4305 )3 8598 (a3 ld wilonyd )5 il lsS L
32098 bl (Stunnod dliogey ot |) o ke 45 39, 0
09)5 r sl e 298 o & Cunl ilate g0yl )3 2905
g S 5 o] slom] e ole &S ) ol sl
ol 01 Lo )] e YU Siaasen 3l5o) e )50 @)le
.(Huyuan et al., 2007)
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Table 8- Results of the factor analysis of studied traits in 169 recombinant inbred lines of wheat under normal conditions

Ol Jol dele 4L
Traits

first factor

aw olg o aliw sl
number of spike per m*

S G )9 Sl 0.54
Days to maturity

0.63

aby,le ojs _0.14
1000-grain weight (g)
&l 5 Slas

0.59

grain yield(kg/ ha)
Seidon o Sles 0.77

biological yield(kg ha-1)

g €5 0.69

plant height (cm)
A Jlo -0.02

Spike length(cm)

Cubby s ls ol
harvest index (%) ’
s ) &b 832 0.21

Grain weight in the spike(g)
Ao o &by dliay 0.09
Number of grains per spike
SLidlod S U 59, dluss 0.19
Days to anthesis ’
i ypbo B 59 2l 073
Days to heading ’
2 425 ol 23.43

variance explained

wrexd okl 25 by 23.43
cumulative variance explained ]

93 Jals 5 Py Jols b Pl dols 5

second factor third factor fourth factor
0.17 0.24 -0.59
-0.06 -0.14 0.06
0.66 0.53 0.09
0.74 0.06 -0.19
0.53 0.13 -0.13
0.30 -0.08 0.15
0.01 0.40 0.15
0.74 -0.22 -0.16
0.81 -0.19 0.37
0.28 -0.77 0.17
0.03 0.18 0.70
-0.22 -0.08 0.13
22.97 10.78 9.90
46.40 57.19 67.09
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Table 9- Results of the factor analysis of studied traits in 169 recombinant inbred lines of wheat under water stress conditions
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Traits first factor second factor third factor fourth factor
aw olg o aliw sl
number of spike per m’

Sy U gy dass 0.27 0.86 0.19 -0.10
Days to maturity

0.81 0.29 -0.29 0.05

abylia s 0.16 -0.03 0.20 0.88
1000-grain weight (g)
b > Slas
2 0.92 0.27 0.13 0.01
grain yield(kg/ ha)
i 2Sles 0.78 0.52 0.18 -0.001
biological yield(kg ha-1)
S5 g 0.65 0.54 031 0.04
plant height (cm)
alcw
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Spike length(cm)
Cuiby s 0.80 037 0.11 -0.004
harvest index (%)
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GLif2,S b 59, sls 0.08 0.94 0.12 -0.07
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variance explained
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Table 10- Results of stepwise regression on grain yield as dependent variable and other triats as independent variables in
recombinant inbred lines of wheat under normal conditions
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Table 11- Results of stepwise regression on grain yield as dependent variable and other triats as independent variables in
recombinant inbred lines of wheat under water stress conditions
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ns and ** , non-significant and significant at probability levels of 1%, respectively
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Introduction

Drought stress as the most important abiotic stress plays an important role in yield reduction of crops
worldwide. Considering the extends and problems caused by the moisture stress, agronomic and breeding
strategies in reducing yield loss are essential. In this regard, the identification and selection of effective
characteristics of wheat under drought stress in increasing yield, is essential. Determining the most important
morphological characteristics affecting wheat yield under stress, in order to achieve the criteria for selection to
improve the performance of this plant always has been important in breeding programs. Due to the variation in
drought tolerance in wheat genotypes, it is necessary for efficient water usage in each region, cultivars with
higher performance and better compatibility under lower irrigation requirement should be determined for
efficient water use particularly in regions with scarce water resources. Improvement of a complex trait such as
yield possessing low heritability, requires indirect selection using simpler traits viz morph-physiological traits.

Materials and Methods

This study was conducted to evaluate the effects of water stress on the agronomic and morphological traits
of 169 recombinant inbred lines (RILs) in wheat (Triticum aestivum L.), using two separate lattice design
(drought and control) at Research Farm of Isfahan University of Technology in 2011-2012. Recombinant inbred
lines of wheat were obtained from the International Center for Wheat and Maize Improvement (CIMMYT) in
Mexico. The recombinant inbred lines used in this study were derived from a cross between two Seri M82 and
Babax parents after being selfed for 8 generations (F9). Seeds of each line were planted in a three meter row with
a row distance of 30 cm. Irrigation, fertilization and control weeds in the experimental was conducted and to
provide plant requirement N, based on soil analysis, urea fertilizer at the rate of 100 kg per hectare in two stages
of growth were added to the ground in early spring. Two moisture regimes of 70 and 130 mm evaporation from
evaporation pan class A (16% and 20% moisture by weight of soil, respectively) were employed, and soil
moisture was measured during two irrigation treatments. In both experiments normal irrigation was conducted
till middle of jointing stage, and were irrigated afterward based on class of the evaporation pan.

Results and Discussion

Drought stress significantly reduced days to heading, days to pollination, days to maturity, spike length,
plant height, the number of spikes per m’, the number of grains per spike, grain weight in the spike, 1000-grain
weight, biological yield, grain yield and harvest index. Results of analysis of variance revealed significant
differences among lines for all studied traits under normal conditions with the exception of number of grains per
spike, grain weight in the spike, spike length, days to pollination and days to maturity. Under moisture stress
conditions, the RILs significantly varied between the studied traits with the exception of number of grains per
spike, 1000-grain weight and spike length. The correlation coefficients in the normal conditions showed that all
traits had a positively correlated with grain yield with the exception of spike length and days to pollination.
Under the moisture stress conditions the grain yield was correlated with all traits positively. The results of the
factor analysis in both normal and stress moisture conditions showed that the measured traits have appeared
either in a hidden factors which explained 67.09% and 84.26% of the total variation of the yield, respectively.
Using three dimensional profiles, lines 4, 27 and 40 as the superior genotypes were introduced in terms of three
factors. Based on the Fernandez’s drought tolerance index lines 1 and 69 were identified as the most drought
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tolerant and the most drought sensitive ones, respectively. The results of stepwise regression on the grain yield
under normal and moisture-stress conditions revealed that the number of spikes per m” and the grain weight in
spike contributed 95% of the grain yield variations in both environmental conditions.

Conclusions

The results showed significant effects of drought on crop yield, morphological and phenological (days to
maturity, days to pollination and days to heading), and only on the number of grains per plant, grain weight and
spike were not significant. Therefore, in spite of inheritance variation in the studied lines supported by their
effects from the environmental conditions. Also, considering the high heritability of these traits, it was concluded
that these traits were less affected by the environment. Under normal compared to water stress conditions, the
narrow-sense heritability of harvest index was lower. In normal conditions, the highest narrow-sense heritability
belonged to the number of spike per m? (77%), but under water stress conditions, belonged to the grain yield
(84%). According to the results, it can be concluded that the number of spikes per m” and the grain weight in
spike have been the two most important components of gain yield under both normal and drought stress
conditions. Moreover, the superior drought tolerance lines have the potential to improve the grain yield in both
environmental conditions in the breeding programs.

Keywords: Drought stress, Drought tolerance index, Grain yield, Lattice design, Yield components



