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Table 1. Adaptability and pedigree of bread wheat genotypes of cold regions under study

(Ghasemi, 2014)
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Tabl 2. Analysis of variance of germination traits and grain yield for genotypes under stress levels

\4%“'?.)
s P J;Jj 5 el o s opy o b el \azasy, arale eyl
IR ~J . 2 9 azaste 0) . . . B i ails o
oS e ey e Colwopt  Shoot T3 2% e, sk, 39zl (Jsb) el 1o 9, Khoe
S.v. DF Shoot 1 weight Root  Root  Root Root Root/Shoot Root/Sho Velocity of Grain Yield
"' Length le;eth Length weight number angle (weight) ot germination
& (length)
Rep) 1,55 2 427" 3,69™ 668.17 0.98™ 895 1.93% 320" 0.043™ 0.947™ 3.703™  3634™
(Stress) i 2 485%™ 615" 56207% 985% 26497 1.43™ 1644™  10.3% 584 43945 243809*
T g 185 62.1° 431°° 4.8% 430% 122° 555  045%  7.45% 178.5%  6890°
(Genotype)
SRIX G 98 s * e P # ns ns B R i o
GxS) 38 1.31% 245" 1366™ 2.9 105.9" 0.57™ 191.3 0.42 4.45 64 6637
(EBrrory oot 118 0.679 157 2029 134 624 0.619 179.8 0.052 3.15 7.314 504
(x2,0) 226 192 277 16.1 285 198 253 29.6 46.8 42 4.7
CV (%)

ns

i 5 ay bl g iiixeadgis (i g0l az o o Slee o j0) Y 5 L0 gl [0 Sl pre g I prepd Coi S 4 HE g ¥
" *and ** and: non-significant significant and significant at 5% and 1% probability levels

Gialel 3,90 puiS pl) el Slas 0 5 Sad 5 (el (25 zoba (eSilee ¥ Jgu
Table3. Mean of stress levels and stress intensity in germination traits of the studied genotypes

azadlojob azadlogiy azadodeb axada,oiy o M adl 038 lazails Jsbo 8
e Shoot gi’: jtzjlf Shoot Root Root : R;))ot‘ Root Az, azails axads, ilex
Treatment Length lengthr()cm) weight Length weight number angle Root/Shoot Root/Shoot Velocity of
(cm) (mg) (cm) (mg) (degree) (weight) (length)  germination
O Og 6.92A 244A 832A 2.52C 32.8A 4.13A 512B 0.398C 0.37C 95.01
Non stress
T 227B 1.89B 48.8B 9.09B 30.2A 3.82B 49.0B 0.686B 4.52B 54.15
-3bar stress
kP 1.77C 1.87B 22.1C 991A 20.2B 3.96AB 59.0A 1.22A 6.48A 43.84
-6bar stress
GL-Y) s ool
stress intensity  0.67 022 041 073 008 0075 0043  -042  -092 043
(-3bar)
GL=9) pis oa
0.74 0.23 0.73 -0.75 0.38 0.041 -0.13 -0.67 -0.94 0.54

stress intensity
(-6bar)

Similar letters in each column show non-significance differences.
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Fig. 1. Shoot length of wheat genotypes under non-stress, -3 bar and -6 bar osmotic stresses
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Fig. 2. Shoot weight of wheat genotypes under non-stress, -3 and -6 bar osmotic stresses
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Fig. 3. Coleoptile length of wheat genotypes under non-stress, -3 and -6 bar osmotic stresses
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Table 4. Correlation coefficients among traits under non-stress, -3 and -6 bar osmotic stresses

b7 9T sreml G5 g A5 G alpd 50 Dlie ool (Snen olpo ¥ Jguer

o5 azdle Job sl ok azdile (g azads; Jsb o azady)ngy adyfalle anyfale azasy;slad ady) ) e
Stress  Shoot  Coleoptile  Shoot Root Root (Jsb) (39 Root  Rootangle  jjals>
Length length weight Length weight  Root/Shoot Root/Shoot  Rumber Velocity of
(length)  (weight) germination
Jeyslss Jsb Obar - 0538 1
Coleoptile -3bar  0.543 1
length -6bar  0.019 1
ardils o) Obar 0.610" 0413 1
Shoot weight ~ -3bar  0.612"  0.529° 1
-6bar  0.668 0.508 1
araiy, b Obar  0.502° 06537  0.716" 1
Root Length ~ -3bar  0.251 259 0.347 1
-6bar  0.358 254 -0.088 1
iy, o) Obar  0.132 .068 0.508"  0.285 1
Root weight ~ -3bar  0.610” 394 0.546"  0.309 1
-6bar  0.403 -354 0423  -0.243 1
(Usb) asy, fails  Obar  -0.009 A456* 0.469"  0.829"  0.39% 1
Root/Shoot(length) -3bar  -0.871""  -495% = -0.535" 0155  -0.476’ 1
-6bar -0.877 117 -0.589 0.545 -0.416 1
(&) &da, fals  Obar  -0.299 -.245 -0.142 0202 0.749"  0.107 1
Root/Shoot(weight -3bar ~ -0.123 -156  -0.496"  -0.203 0.391 0.125 1
-6bar  -0.366 -155 05147 -0.009 0162 0444 1
araiy, sl Obar  0.194 -.043 0.219 0.047  0.686"  0.117  0.608** 1
Root number  -3bar 0336 122 0237  -0.011  0.695" 0362  0.437* 1
-Gbar 0222 -265 0.421 0.142  0.6957 0273 -0.205 1
iy, 0, a4l;  Obar  0.320 120 0213 0222 -0.091  -0384  0.159 158 1
Rootangle ~ -3bar -0.343 -.184 -0.118 0112 -0449" 0276  -0.398  -516* 1
-6bar  -0.068 179 -0.182  0.385 0.196  0.240 012 -464% 1
il cerw  Obar  -0.031 -.004 0242 0069  -0.662"  -0.181  -608**  -453* -012 1
Velocity of ~ -3bar 0231 375 0.425° 0499 0.331 -0.076 -163 -115 .088 1
germination  -Obar  -0.079 -294 -0.124  0.131 -0.074  0.102 .068 -210 -.046 1
als 5 Slae Obar -0.658*  -617* 0463 -0471"  -0.019  -0.093 360 .007 -383 -.029
Grain Yield  -3bar  0.199 282 0.480° 0377 0.333 -0.150 -215 .148 -367 S15%
-6bar _ -0.055 -291 -0.055 0.118 0.073 0.057 011 138 -.552% .509%

TN 50 s 10 o s g o sae pd ol Sa FF g * s

" *and ** and: non-significant significant and significant at 5% and 1% probability levels
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Table 5. Mean of clusters resulted from cluster analysis

oSl Jsb Jsb 039 Jsb 039 olass afile anjile
Mean azale JopdsS adle azan;  oapem, e, S0l G b g absSle
Shoot  Coleoptile  Shoot Root Root Root Rootangle Ryot/Shoot Root/Shoot V‘sl,) . = ;
Length Length weight Length weight number (weight) (length) elocity o
Valgs
1.76A 1.71B 22.6A 9.41B 23.6A 440A 51.7B 130A 6.13B 43.1B 339.7A
(Clusterl)
Yl

1.36B 193A 153B 10.74A 150B 3.32B 628 A 1.68A 8.88A 49.7A 344.5A
(Cluster2)

¥ aigs
N 2.04A 2.08A 25.8A 10.12A 17.8B 3.67B 685A 0.75B 545B 41.2B 299.8B
(Cluster3)

6.36"  4.0° 4.3 2.93* 5.6" 122 7.6™ 4.1* 6.8 4.0* 6.8

(F value)
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Extended Abstract

Introduction: Germination is one of the most important stages of plant growth that determines the durability,
establishment and final yield of crops and in regions that due to drought conditions the growth of plant encounters
with problem, improving germination traits count as one of the important breeding strategies. The present study
was designed to determine the effect of different levels of osmotic stress on germination and seedling traits of
some bread wheat cultivars cultivated in cold regions of Iran.

Materials and Methods: In order to investigate the effect of different levels of osmotic stress on germination
characteristics of bread wheat cultivars cultivated in cold regions of Iran, a factorial experiment was conducted
based on a completely randomized design with 3 replications in which, the first factor consisted of 20 bread wheat
cultivars (including rain fed cultivars as well as end-of-season water stress tolerant varieties) and the second factor
consisted of 3 levels of osmotic stress (non-stress, -3 and -6 bar stress). Seedling traits such as coleoptile length,
shoot length, shoot weight, root length, root weight, root / shoot ratio, root growth angle, germination speed and
the germination stress index (GSI) were evaluated. For the experiment concerning the yield comparison, 20
cultivars mentioned above were compared under non-stress and terminal drought stress conditions.

Results: The results showed that the ratio of root/shoot length and weight and shoot weight had the highest
sensitivity and the lowest number of roots to osmotic stress. Increasing root length as root weight decreased with
increasing stress showed that roots became longer and thinner due to stress. Among the genotypes, Saein, Zare,
Pishgam, Sadra, Baran and Mihan had desirable traits and CrossMV17, Homa, Orum and Cross Azar2 had no
desirable germination traits. In non-stress conditions, 11 genotypes had high coleoptile length including Hashtrood,
Azar 2, Saein, CD62-6, CD91-12, Mihan, Baran, Heydari, Homa, Cross Azar 2 and Zare genotypes. At 3 bar
stress, 11 genotypes had the highest coleoptile length, with the highest values being assigned to Hashtrood, Heidari
and Saein. At 6 bar stress, CD91-12 and CD62-6 lines, Hashtrood, Homa, Pishgam, and Zare had the highest
coleoptile length. At 3 bar stress cross Azar 2, Saein, CD62-6, Gascogen and HD2985 demonstrated the highest
germination rate. Furthermore, Cross Azar2, HD2985, Gascogen, CD62-6 and Saein led to the best results,
respectively. However, in both 3 and 6 bar stress conditions Saein, Cross Azar2, CD62-6 and HD2985 were
superior for germination stress index (GSI). For grain yield under normal conditions, Gascogen, Heidari, Pishgam,
Orum and Zarrineh had the highest yield and Baran, HD2985, C-88-4, C-9011 and Cross Azar2 were placed next.
Under stress conditions Baran, Gascogen, HD2985, Cross Azar2, Heidari and Zarrineh consisted the highest
performance. According to STI index Gascogen, Heidari, HD2985 and Zarrineh were the most tolerant genotypes
to drought stress. Cluster analysis grouped the studied genotypes into 2 clusters, the first cluster comprising 13
genotypes Heidari, Mihan, HD2985, Baran, Pishgam, Hashtrood, Cross Azar 2, CD62-6, Gascogen, Azar 2, Saein,
Sadra and Zare. The second cluster consisted of 7 genotypes C-88-4, Zarineh, C-90-11, Orum, CD91-12,
CrossMV17 and Homa. Genotypes of cluster 1 were superior in terms of germination traits such as shoot length,
coleoptile length, root length and root weight and reduced root/shoot ratio.

Conclusion: Significant differences in all studied traits among genotypes indicated sufficient genetic variation
for selection in germination traits. Results showed that Saein, Zare, Pishgam, Sadra, Baran and Mihan cultivars had
desirable germination traits and were superior to other genotypes.

Keywords: Drought tolerance, Germination, Cold wheat

Highlights:
1- The tested genotypes are either newly named or advanced lines and have not been studied for germination traits.
2-The growth angle trait of seed roots through filter paper has received little attention in studies.
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