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Table 1. Combined variance analysis in two years and two environmental conditions along with the meanings of
the environment and generations

Ol s asle .. . .

el sl S5, st Jeds s o A

S0V Stomatal af Chlorophyll  Relative Flag leaf
conductance index  water content area
(Year) Jl. 1 13.45 1 0.52 1.06 2.74
(Condition) La| % 1 4.17 1 0.06 0.33 3.92"
(Yearx Condition) sl ,5 x Jl. 1 1.95 1 0.004 0.0001 0.08
(Error) U= 8 3.89 8 0.63 0.29 0.72
(Generation) 1. 5 6.06™ 6 1.26™ 0.21™ 0.68"™
(Generation x Year) Jl. x| 5 2.78" 6 1.15" 0.011 0.33"
(Generation x Condition) k| & x s 5 1.06" 6 1.41" 0.057 0.19
(Generation x Condition x Year) Ll & x Jlu x s 5 0.56 6 0.69 0.057 0.17
(Error) U= 20 0.43 48 0.3 0.034 0.22
(CV%) /. &l i g 1.47 155 22.6 1.86

S35 Slio 53 bl 55 o S0be anylis
Comparison of mean of two conditions in physiological traits

(Water deficit stress) o s saS 25 40.15a 3488a  0.809a 23.77b

(Normal irrigation) Js ; s,k 50.26 a 3588a  0.833a  27.34a

S5 Slio 53 s e o S0le alie
Comparison of the mean of generations in physiological traits

Gaspard 34.08c 37.06 ¢ 0.838 a 24.3 ab
DNu1 44.1b 34.24 ab 0.766 b 26.6 ab
F1 47.01b 36.04 abc 0.83a 276a

F2 49.94b 33.1bc 0.846 a 24.05b

F3 33.99 be 0.822 a 24.8b
BC: 64.18 a 33.03 bc 0.815a 246b
BC? 63.45a 38.21la 0.841a 26.2ab

Lo,y 0 ) JL@I}‘(—:JG.«)J)‘J@M‘%JJM_Z%‘}%%
*and *: Significant at 1% and 5% probability levels, respectively
S ENGIPIPIRGIv IV RN - 3131 am 5 Js e 4 Sy S Ko Slio 4 R 25 Gl sl gl ol Cds s
In the stomatal conductance, the number of generations studied was lower than other traits, so the degree of
freedom for this trait is different.
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Table 2. Combined variance analysis in two years along with the meanings of the environment and generations
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O Ol e 8T 0T e O e TS e
WDS NI wDS NI WDS NI wWDS NI
(Year) JL 1 1499™ 225 1 0279 1227 0503 0559 0955 184
(Error) Uas 4 044 723 4 0889 0267 042 0171 0277 106
(Generation) . 5 58" 181™ 6 110" 1679 0204™ 0.057° 0469 039
(Generation x Year) Jlox J.i 5  3.09™ 1065° 6  1.137° 0.744™ 0034 0035 0217  0.33
(Error) Uax 20 054 032 24 0398 0209 0046 0023 025  0.204
(CV%) /. &l i o o 183 113 18 127 265 182 21 1.65

Sz Slio 5o b o o Sl i
Comparison of the mean of generations in physiological traits

Gaspard 304c¢ 38.75¢
DNu 36.32bc 51.91b
F1 41.02bc 55.7 ab
F2 47.48b 53.1b
Fs
BC: 63.46a 65.76a
BC: 66.08a 61.85ab

34.24ab 40.68a 0.845a 0.832a 22.08a 26.9ab
33.09b 3522bc 0.74b 0.787b 24.6a 28.09ab
36.69ab 35.21bc 0.811a 0.85a 25.33a 292la

32.24b 3408bc 0.84a 0.85a 23.02a 24.95b
327b 35.01bc 0.808a 0.84a 237a 26.07ab
36.78ab 31.53c 0.782ab 0.848b 23.86a 25.46b

39.73a 36.7b 084a 0.843a 25.75a 26.63b

o3 0 5 JL&‘CEM);)‘}@M‘%;@:%J%%
™ and *: Significant at 1% and 5% probability levels, respectively
sl ol caw ol sl ©ol31 am 5 Js e 4 33 S Kos Slho & Cud oy p 3 e Sla Jos sl gl s, colaa i s
In the stomatal conductance, the number of generations studied was lower than other traits, so the degree of
freedom for this trait is different
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Table 3. Genetic analysis for flag leaf area attributes
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(X?) Three-parameter test
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Generation means analysis using least squares weight
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VE, Va, Vb, Vap, Ve, Vp, H%, H%,, Dd and Dfd: Environment variance, Additive variance, Dominance
variance, Additive dominanance variance, Genotypic variance, Phenotypic variance, Broad sense heritability,

Narrow sense heritability, Degree of dominance, Deviation from dominance, respectively
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Table 4. Genetic analysis for Relative water content
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Three-parameter test (X?) Joint scaling test
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Generation means analysis using least squares weight
| j i h D M R? R2 X2 (df)
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Calculation of variance components using least squares weight
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VE, Va, Vb, Vap, Ve, Vp, H%, HZ,, Dd and Dfd: Environment variance, Additive variance, Dominance

variance, Additive dominanance variance, Genotypic variance, Phenotypic variance, Broad sense heritability,
Narrow sense heritability, Degree of dominance, Deviation from dominance, respectively
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Figure 1. Changes in generations means for chlorophyll index in two environmental conditions
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Table 5. Genetic analysis for Chlorophyll Index

(X?) 2Lk 4w 0505
Three-parameter test (X?)

e Cos gla 0505
Joint scaling test

D Cc B A
1 7.7 -6.53" +2.31 4.63+3.8 10.797 £ 1.71 6.04™ +2.22
2 16.4™ -3.7+£211 -8.8"+3.6 -32x17 -0.73"+1.7
533 Sl p 308 Sl esliad b s s S0l 420
Generation means analysis using least squares weight
I J i h d M R’ R? X2 (df)
1 247 £33 i 097 3587+393 -0.787+047 2477+092 0.89 0.96 1.5(1)
2 15.8™ +3 *+0.86 -7.73"+3.4 -3.55™ £ 0.5 36.97"+0.8 096 0.98 0.1(1)
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Calculation of variance components using least squares weight
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o e Py P 3eE e 5 S cJe s cle il e
(Dfd) (Dd) (H?) (H?) (Ve) (Vo) (Vap) (Vo) (Va) (Ve)
1 -1.31 1.99 0.14 0.68 95.49 64.73 -33.93 51.74 12.99 30.76
2 0.18 0.63 0.37 0.52 69.97 37.67 2.89 9.9 24.88 323

Loy30 5 JL&»—\CE“)z)l;&MAgf.;J:{@:*)W
“and ": Significant at 1% and 5% probability levels, respectively
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VE, Va, Vb, Vab, Ve, Vp, H%, H%,, Dd and Dfd: Environment variance, Additive variance, Dominance variance,

Additive dominanance variance, Genotypic variance, Phenotypic variance, Broad sense heritability, Narrow
sense heritability, Degree of dominance, Deviation from dominance, respectively
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Figure 2. Changes in generations means for stomatal conductance in two environmental conditions
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Table 6. Genetic analysis for stomatal conductance

(X?) s bl 4w 0505 rbie SOUS (sla 055
Three-parameter test (X?) Joint scaling test
D C B A
1 1138.04™ -26.4+71.35 48.8™ +10.77 70. 9™ +£5.37 66.77 £ 6.43
2 1738.4" -13.43 £ 64.13 28.04" +10.97 30.88" +5.38 24.03™ +6.78
555 Dl 508 3l eslinad b b s S0le 4 525
Generation means analysis using least squares weight
I j i h d M R’ R? X2 (df)
1 -851"+17 283"+0.97 1188™+27.1 53"+176 21.8°+111 0.93 0.98 0.8(1)
2 -191.9"+185 3557+0.86 253.9"+30.3 228" +11 19.9"+105 1 1 0.3(2)
33 Sl 568 Sl eslinal b bl sl alows
Calculation of variance components using least squares weight
Sl il ey Saphddls gl pelols Geboly IR bl bl bl bl
IV I 13 o g TV e W ol s e Bl e
(Dfd) (Dd) (H?%) (H%) (Vp) (Ve) (Vab) (Vb) (Va) (Ve)
1 -0.55 2.44 0.126 0.87 866.7 759.97 -148.3 655.44 109.1 102.78
2 -1.46 35 0.04 0.57 690.4 392.9 -151.38 363.38 29.56 297.45

Loy30 5 JL@‘;—\CE.A):)\:J'#A%JJ@:*)W
*and ": Significant at 1% and 5% probability levels, respectively
5 il sl e bl il bl ¢ ame ebls «es e :DFd 5 DA (HZ, HZ Ve Ve Vap Vb Va Ve
CA:JL&)\ \Jlfu.j QA.:—JL& a5y “J‘p}"a} L;;:.L_vﬁﬁb; (P L;j.:.b@ﬁb} uﬁ;y wl..r_)b ‘;5"<?:"5 U""’Lf-)‘} 5@.:—\.“.&
Vg, Va, Vb, Vab, Ve, Vp, H%, H%,, Dd and Dfd: Environment variance, Additive variance, Dominance variance,

Additive dominanance variance, Genotypic variance, Phenotypic variance, Broad sense heritability, Narrow
sense heritability, Degree of dominance, Deviation from dominance, respectively

Jloji 5 ol 35S 25 Ll b Y )
1 and 2: Water deficit and normal conditions, respectively
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Abstract

Dehydration is the most important limiting factor in agricultural production in arid and semi-arid
regions, and water shortages (especially at the reproductive stages) due to lack of precipitation and
unequal distribution are inappropriate for limiting the yield. In this research, cross between the
Gasspard cultivar (dehydrated susceptible parent) and DN11 line (resistant parent) was performed. Fi,
F2, Fs, BC: and BC; generations along with parents, were planted in a randomized complete blocks
design with three replications in normal and water deficit conditions for two consecutive years.
Physiological traits were measured for single plant samples. Weighted analysis of variance showed
that water deficit stress caused significant decrease in flag leaf area and unsignificant decrease in
stomatal conductance. Generation mean analysis for Chlorophyll index was accompanied by different
results in terms of regression fitted models for each environment, but for stomatal conductance, the
results of the generation mean analysis were the same in both environments. In addition to additive
and dominant effects, epistatic interaction effects also played role in the inheritance of all studied
traits. Most of these effects were double-effects. In flag leaf area, additive, additive x dominant and
dominant x dominant effects were involved in inheritance. In water relative content, in addition to
these effects, dominant effect was also involved in inheritance. Generations variance analysis showed
that the gene action was additive for relative water content, dominant for flag leaf area and over
dominant (in both conditions) for stomatal conductance. The gene action for Chlorophyll index under
stress and normal conditions were over dominant and additive respectively.
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