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Inheritance of seed germination related traits for drought tolerance in bread
wheat cultivars
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Table 1- wheat cultivars used in the diallel and field experiments and their drought tolerance

Cultivar STI Cultivar STI Cultivar STI
1- Sabalan 1.20  7- Alvand 0.98 13-Konya2002 0.70
2- Azar2 0.90 8- Siosson 0.93 14- Sultan95 0.67
3- Pishtaz 1.45  9- Alamout 1.44 15- Andalu 0.36
4-MV17 0.48 10- Sardari 0.67 16- Katalan 0.52
5- Gascogne 0.69  11-Bezostaia 0.39 17- Serie82 0.52
6- Gaspard 0.65 12- Garak79 1.02 18- Galibier 0.57
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Table 2. Initial and Wr-Vr analysis of variance for F; and F, generations of 8§x8 half diallel based on randomized complete blocks design in bred wheat cultivars

[ Downloaded from agrobreedjournal.ir on 2025-09-17 ]

Coefficient of Velocity of Germination Rate Final Germination Germination Stress
Germination (CVG) Index(GRI) Percent( FGP) Index(GSI) Germination Recovery
Sever Moderate Non Sever Moderate Non Sever Moderate Non Sever Moderate Sever
S.0.V d.f stress stress stress stress stress stress stress stress stress stress stress stress
Rep 1 20.35™ 0.226™ 32.14™ 18" 1.617™ 36.297™ 0.219™ 0.063™ 10.87™ 0.468 " 21.094™ 247.78"
) Crosses 35 74.9" 61.07" 59.57" 118.21" 67.62" 108.598™ 253.76" 48.5" 3222 415.98" 161.81" 401.064™
Simple ANOVA
Error 35 10.9 7.215 8.20 11.713 6.847 11.203 54.39 12.97 15.46 70.22 25.96 36.81
WV Rep 1 50.18™ 102.73™ 22.45™ 144738 187.23™ 2.99™ 10353.07™ 453.08™ 582.87™ 31583" 8315.87" 5395.16™
r-Vr
Wr-Vr 7 117.078™ 2891™ 136.45™ 273.85™ 97.83™ 400.57™ 4185.4™ 1384.43™ 349.20™ 5463.34™ 245.14™ 3863.41™
Wr-Vr ANOVA
Error 7 46.52 46.56 85.53 221.61 136.68 27227 5656.61 830.04 410.05 4022.26 455.187 2208.20
(F, generation) F;
/ /
Root length/ Coleoptile Shoot Root Root weight/
Root number Root length Shoot length Shoot length length weight weight Shoot weight
Sever Non Sever Non Sever Non Sever Non Non Non Non Non
S.0.V d.f stress stress stress stress stress stress stress stress stress stress stress stress
Rep 1 0.0027™ 0.399” 12.02™ 187.49™ 0.00001™ 371 5383™ 0.841" 0.76™ 0.235™ 0.0001™ 0.001™
Cross 35 0.614” 0.223™ 13.97° 153™ 0.0626™ 12.04” 797.7° 6.34™ 2.11" 10.77" 53" 0.052™
Simple ANOVA
Error 35 0.123 0.218 5.29 7.71 0.032 3.46 322.02 3.59 0.398 391 1.63 0.036
Wev Rep 1 0.0002™ 0.063 5.93m™ 0.636™ 0.0001™ 73.05” 612.98™ 0.0038™ 0.657" 116.4" 0.055™ 0.0054"™
r-Vr
Wr-Vr 7 0.3406™ 0.0031™ 34.78" 94.25" 0.00065™ 18.97" 359.46™ 0.0164™ 0.080™ 27.97™ 3.53 0.0065™
Wr-Vr ANOVA
Error 7 0.142 0.0032 20.86 16.48 0.0002 1.97 138.84 0.0242 0.0904 11.87 1.1 0.010

[ DOR: 20.1001.1.15625540.1389.12.2.9.8 ]
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ns: non-significant, * and **: significant at 5% and 1% probability levels, respectively. a: Due to lack of differences among crosses for shoot length and significant Wr-Vr in normal
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Table 2. Continue

(F, generation) F,

a Coleoptil /
Root number Root length Shoot length length Root length/ Shoot length
Sever Moderate Non Sever Moderate Non Sever Moderate Non Sever Moderate Non

S.0.V d.f stress stress stress stress stress stress stress stress stress stress stress stress

Rep 1 0.445™ 0.00012™  0.3067™ 8.64" 0.0839™ 6.17™ 175" 0.546" 0.0919™ 57.44" 0.0415™ 0.124™

, Cross 35 1973 1.396" 0.486™ 5.53 13.47° 337" 0.39™ 0.365" 0.638" 25.97™ 1.408" 0.323

Simple ANOVA

Error 35 0.526 0.384 0.264 1.70 4.73 2.39 0.24 0.100 0.0948 16.3 0.303 0.129
Wr-Vr Rep 1 0.177™ 0.0191™ 0.0002 ™ 10.3™ 11.29™ 0.396™ 0.254™ 0.0477"™ 0.00438™ 105.34™ 0.0447"™ 0.0072"™
Wr-Vr 7 0.185™ 0.0447™ 0.0159™ 241™ 9.67™ 6.54™ 0.098 ™ 0.0092 ™ 0.00523 ™ 149.06™ 0.0373™ 0.0175™

Wr-Vr ANOVA  Error 7 0.237 0.175 0.0247 3.08 18.75 4.24 0.077 0.0139 0.00361 97.65 0.0353 0.0087

.x.:;m,u,.x?,;g_;ao,,\{Jql,;,;Wr-Vr@J{q{;)w;g)i,omjt;@”,4%éuJ)»,mjlu,ww)u@m@mu}?,(.uumfza .M,;&,@Jblcp)wu@#%;4;_:**,* Gl sxe e M8
ns: non-significant, * and **: significant at 5% and 1% probability levels, respectively. a: Due to lack of differences among crosses for shoot length and significant Wr-Vr in normal
condition is not shown in the table
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Table3- Genetic parameters and drought stress intensity for germination rate indices (F, generation) and seedling characters (F; andF, generations) in a 8x8 half diallel in bred wheat cultivars

Coefficient of Velocity of Germination(CVG)

Germination Rate Index(GRI)

Final Germination Percent (FGP)

Germination Stress Index(GSI)

Germ. Recovery

é&é?féi{: . ks A5 Lo g 25 SOk Ak RS Lo e 25 SOk e Lo e 5 A O3k LA RS Lo g 5 L S
Parameters Sever Moderate Non Sever Moderate Non Sever Moderate Non Sever Moderate Sever
stress stress stress stress stress stress stress stress stress stress stress stress
D 69.7 6.1 47474287 72.97+6.19 138.57+7.44 53.07 £6.72 120.87+7.51 253.87+34.3 99.57+19.73 2.8™+8.30 462.97+39.2 78.317£13.25 67.6'£26.91
HI 220.97+56 1144742642 356.77+£56.96  488.17+68.43  229.47+61.84  636.97+69.06 1413.57+315 216.2™ +181 290.87+76.33 1770.6"+360 584.9"+121.9 1048.57"+247
H2 180.9"°+48.7 117.37£22.99  235.17+49.55  319.3"+59.54  218.57%53.79  407.77+60.08 1053.07+274 234.4™ £158 241.3'+66.40 1236.8"'+313 534.97£106.1 897.57+215.3
F 54.7™ +28.7 -4.4"+13.58 156.87°+29.27  216.07435.17  24.9™+31.78 256473549  447.1+162.1 85.1™+93.24 15.7™+39.22  703.57+185.2 -45.7™ +62.6 -223.4™ 127
n’ 64.6™ +£32.6 50.8"+15.41 108.3"+33.23 23.4™ +39.93 31.8™+36.08 283.47+4029  56.2™+184.1 -7.5"+105.86 121.3'+44.53 2553™ 4210 112.3™+71.1 839.17+144.4
E 5.45"+2.03 3.617+0.957 4.1™£2.06 5.85™+2.48 3.42™ 224 5.60™ £2.50 27.2"+11.4 45.617£6.57 7.7°+2.77 35.1"+13.1 12.98°+4.42 12.3™+8.97
Hn 0.584 0.512 0.728 0.787 0.475 0.693 0.515 0.339 0.028 0.667 0.261 0.137
Hb 0.817 0.844 0.836 0.866 0.877 0.871 0.779 0.378 0.686 0.797 0.826 0.89
D 0.889 0.776 1.107 0.938 1.039 1.147 1.18 0.737 5.12 0.977 1.366 1.96
SI 0.43 0.38 0 0.51 0.39 0 0.20 0.04 0 0.34 0.22 0.37
(F, generation) F, |
) oles o iy db o 4l b o 4y dsb /e Gl b = As b o 8l 05 o ake) 0)s o 4y O/ er Ble 05
S5 gle sy Root number Root length Shoot length Root length/ Shoot length Coleoptile Shoot weight Root weight Shoot/Root
Genetic RN B O3 RN Rt Lk 5 S O Lk B O3y o5 O TR S5 O3 S O
Parameters Sever Non Sever Non Sever Non Sever Non Non Non Non Non
stress stress stress stress stress stress stress stress stress stress stress stress
D 0.5867+0.102  0.377"+0.110 8.77 +1.85 10.92°+3.60 0.0157+0.002 9.897+1.55 165.5™ +214 0.034™ £0.02 1.277+0.22 7.327+1.71 4.257£1.02 0.0937+0.011
HI 0.9597£0.226  0.23™+0.243 17.647+4.09 36.727°+7.95 0.012"+0.005 2.92™+3.43 1409.8"+472 0.18"+0.041 1.18'+0.48 10.93+3.78 6.59"+2.25 0.1087°+£0.025
H2 0.684'+0.194 0.13™ +0.21 12.58+3.52 23.64'+6.83 0.004™ +.004 1.30™ £2.95 1127°+405.8 0.1387"+£0.035 1.07'+0.415 7.22™43.25 3.85™+1.93 0.047 ™ £0.02
F 0.693'+0.239 0.438™ £0.26 5.845™ +4.33 21.81°+8.40 0.022"'+0.005 5.98™ +3.62 80™ +£498.96 -0.02™ +0.04 -0.41™+0.51 8.72™ +3.99 6.88"+2.38 0.1437'+0.026
h? 1.9197+0.130 1.465""+0.140 13.96+2.36 38.517+4.57 0.013+0.003 5.75"£1.97 37.9™+271.8 0.067'+0.024 -0.02™ +0.28 13.287+2.17 26.3"+1.29 0.1447+£0.014
E 0.062™ +0.03 0.11°£0.0348 2.64"+0.587 3.85"+1.14 0.002"+.0008 3.46"+0.49 161™ +67.6 0.0417"+£0.006 0.199 "+£0.07 3.917+0.54 1.637°+0.32 0.0187+0.003
Hn 0.27 0.12 0.41 0.1 0.19 0.42 0.29 0.388 0.65 0.17 0.019 0.147
Hb 0.80 0.32 0.73 0.64 0.52 0.47 0.74 0.667 0.85 0.43 0.38 0.482
D 1.28 0.78 1.42 1.83 0.88 0.54 291 23 0.96 1.22 1.24 1.07
SI 0.263 0 0.64 0 0.82 0 0.95 0 0 0 0 0
(F, generation) F, s
o ady ol > 4k sk o sl J b o aty) sk /a6l b JsdsS Jsb
S5 sl sl Root number Root length Shoot length Root length/ Shoot length Coleoptile length
Genetic ks 15 Lo e 2 S sk s A Lo gte 2 S sk Ak A5 Lo e Ak A5 L e 25 O bk S sk
Parameters Sever Moderate Non Sever Moderate Non Sever Moderate Sever Moderate Non Non
stress stress stress stress stress stress stress stress stress stress stress stress
D 1.587+0.23 1.65 +0.243 0.516"+0.09 6.497+0.82 1.31°0.52 1.26™ £1.35 036™+0.166  0.068™ £0.05 14.76" +4.75 0.5047+0.08 0.215°£0.06 0.637+0.038
HI 9.39"+2.09 7.88°£2.24 2.04™ +0.87 31.66""£7.55 25.64""+4.82 30.61'+12.45 2.35™£1.53 1.787°£0.467 185.427+43.7 8.06"+0.75 1.57°£0.55 0.98°+0.35
H2 7.47"+1.82 5.68"£1.94 1.37™+0.76 26.197+6.57 24.677+4.19 26.95+10.83 1.74™ +1.33 1.657+0.407 118.26""+38.0 6.85"+0.65 1.39°+0.48 0.98"+£0.306
F 1.94™+1.08 3.25%1.15 0.75" +£0.448 12.01°+3.88 -0.227™+2.5 3.55™+6.39 0.667 ™ £0.78 -0.22™ +0.24 36.3"422.45 -0.54™ +0.38 0.20™ +0.28 0.24™+0.18
h? 237" +1.22 2.11™ 1.3 -0.207™ +0.5 9.18™+4.41 27.36"+2.81 6.24™ +7.26 -0.15™ +0.89 1.377+0.273 22.87™ £25.5 2.417+0.44 0.94°+0.32 0.126™ £0.20
E 026" +0.07 0.192™ +0.08 0.132"+0.03 0.85"+£0.27 0.83"+0.174 1.19°+0.45 0.12™+0.055 0.05"+£0.017 8.157+1.58 0.015™ +0.03 0.064°£0.02 0.047°£0.012
Hn 0.394 0.597 0.438 0.550 0.117 0.106 0.331 0.082 0.195 0.177 0.280 0.670
Hb 0.737 0.722 0.552 0.712 0.702 0.599 0.564 0.757 0.568 0.978 0.662 0.800
D 1.218 1.092 0.995 1.104 2214 2.46 1.277 2.56 1.77 1.999 1.35 0.620
SI 0.49 0.25 0 0.686 0.257 0 0.90 0.82 0.76 0.68 0 0

5148 oo Ll 15 E (u@w@u,;uﬁj,ﬂd,ét«&,ruL;,,C.,);.Juumh \,,Jl;,fx,,wn,nwz.d,.,ww,;li T
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ns: non-significant, * and **: significant at 5% and 1% probability levels. D= Additive genetic variance, Hl—Uncorrected dominance genetic variance, H2=Corrected dominance variance, F= Average covariation of additive and dominance
effects, h“= Dominance effects (as algebraic sum over all loci in heterozygous phase in all crosses), D = Average degree of dominance, Hn= Narrow sense heritability, Hb= Broad sense hcrltablhty, E2= Environmental variance (mean square
of the error of F2 populations divided by number of replications),
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Table 4- Correlation coefficients among germination traits in nonstress, moderate and sever osmotic stress conditions and drought tolerance in 18 bread wheat cultivars

LT L s =L L s Sas " N Sldb sl e Al Aoy o el s e &
bl Ll s L Joosi jasls AN a6l J o ke, dsb X . s - L it 5 4l Ol
? iti S Jo S s s iy b/ e Silm e Gl e Q6 Giele ) Sl
Experiment Condition STI TOL Ys Shoot length Root length Root /shoot Roof number NG GRI FGP Gsi Recovery
Non stress SISy -0.124 -.085 -0.045 1
Shoot length Moderate Stress L s [i5 0.367 -0.518* 0.483* 1
Sever stress Ll S 0.356 -0.490* 0.466* 1
Non stress SRR -0.087 0.218 -0.168 -0.149 1
Root length Moderate stress L g i 0.257 -0.291 0.305 0.827%* 1
Sever stress Lds A5 0.041 -0.392 0.180 0.702%* 1
Non stress RS 05 -0.184 0.049 -0.186 -0.852%* 0.147 1
Root/shoot Moderate stress Lo ze i -0.398 0.609%* -0.531* -0.843%* -0.601%** 1
Sever stress L A -0.604** 0.352 -0.611%* -0.589* 0.051 1
Non stress RPN 0.187 -0.207 0.211 -0.310 -0.151 -0.050 1
Root number ~ Moderate stress L s 5 0.505* -0.532* 0.590** 0.624** 0.47* -0.702%* 1
Sever stress L A 0.108 -0.389 0.223 0.633%* 0.741%* -0.230 1
Non stress S5 Oss 0.235 -0.508* 0.346 -0.044 -0.191 -0.293 0.006 1
CVG Moderate stress law 2o 5 0.485% -0.451 0.530% 0.550% 0.659%* -0.498% 0.672%* 1
Sever stress L S 0.560* -0.539* 0.615%* 0.566* 0.630%* -0.244 0.669** 1
Non stress RS 05 0.188 -0.504* 0.314 -0.136 -0.187 -0.222 0.063 0.948%* 1
GRI Moderate stress law o 5 0.484* -0.457 0.539* 0.561* 0.622%* -0.536* 0.698%** 0.939%* 1
Sever stress L i 0.471* -0.398 0.498* 0.407 0.522% -0.217 0.626%* 0.915%* 1
Non stress Rt 0.103 -0.224 0.173 -0.042 -0.477* -0.222 -0.012 0.351 0.510%* 1
FGP Moderate stress Lo sz i 0.418 -0.232 0.423 0.295 0.198 -0.240 0.370 0.403 0.611%* 1
Sever stress e 00.275 -0.079 0.239 0.108 0.167 -0.205 0.366 0.575% 0.833%* 1
Moderate stress Lo ze 5 0.461* -0.409 0.497* 0.491* 0.573* -0.448 0.667** 0.921%* 0.979%* 0.638%** 1
GSI
Sever stress Lk S 0.356 -0.274 0.364 0.447 0.530* -0.237 0.667** 0.824%** 0.919%* 0.754%* 1
Recovery Sever stress Lk S -0.524* 0.379 -0.550* 0.058 -0.002 0.055 0.085 -0.217 -0.200 -0.070 -0.099 1
CL. Non stress RPN 0.458% -0.489* 0.539* 0.548% -0.140 -0.629%* -0.102 0.236 0.130 -0.065 0.023 -0.778%*
* and **: significant at 5% and 1% probability levels respectively. 1oy3 S 5 g el sk 53 5ls ome o5 TF

CVG: Coefficient of Velocity of Germination, GRI: Germination Rate Index, FGP: Final Germination Percent, GSI: Germination Stress Index, C.L.: Coleoptile Length.
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Table 5- Standardized partial regression coefficients of germination indices on STI

. = . . z 2
R o (i UK S REWLSRINT 2§

A3t Ja"‘.’? e Standardized partial R’of
EXP. Condition Character regression coefficient regression model
ok A5 b 0.458 0.21
Non stress Coleoptile length
o5 Wl Ol -0.500
Lo e 15 Germination recovery 0. 60
Moderate stress d Ay 3ldas 0.575
Root number '
ar ks Jsb/ar Sl Jsb -0.588
NINE R Root / Shoot 0.63
Sever stress S8l e b 0.455

Coefficient of velocity of germination

Ly, s Vo oses iy Sy 05—
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Inheritance of seed germination related traits for drought tolerance in bread
wheat cultivars

Shahbazi, H.!, M. R. Bihamta?, M. Taeb® and F. Darvish*

ABSTRACT

Shahbazi, H., M. R. Bihamta., M. Taeb and F. Darvish. Inheritance of seed germination related traits for drought tolerance

in bread wheat cultivars. Iranian Journal of Crop Sciences. 12 (2): 199-212 (in Persian)

To determine the inheritance of germination related traits in bread wheat, a 8x8 diallel cross design was
carried out in 2007 at the Ardebil Branch, Islamic Azad University, Iran. The F; and F, seeds were germinated
under osmotic stress and also subjected to atmospheric drought stress. Different germination rate indices,
seedling characteristics and germination recovery after desiccation were measured and recorded. For evaluating
the relationship between germination characteristics and drought tolerance, 18 wheat varieties including the
parents of diallel cross were grown under irrigated and rainfed conditions in the field. Results of these
experiments indicated that germination rate indices had high narrow sense heritability and close relationship with
drought tolerance. Among seedling characteristics, coleoptile length under normal condition showed high narrow
sense heritability and a close relationship with drought tolerance. Root number under stress conditions was
considered as a moderately heritable character with significant relationship with drought tolerance indices.
Despite of the close relationship of root : shoot length ratio with drought tolerance, it had low narrow sense
heritability. Germination recovery showed negative relationship with drought tolerance and had low narrow

sense heritability.

Key words: Bread wheat, Diallel cross, Drought, Germination and Heritability.
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