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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

- Colda - serls Ol Gl S el

- I [ .. N .

S e & 63] ‘ LS‘A“JJ) L;)bT J:.ejjls g TR
SOV af Stomatal df Chlorophyll  Relative Flag leaf

" conductance index  water content area
(Year) JL. 1 13.45 1 0.52 1.06 2.74
(Condition) L, 1 4.17 1 0.06 0.33 3.92"
(Yearx Condition) Ll ,% x Jl. 1 1.95 1 0.004 0.0001 0.08
(Error) Ua> 8 3.89 8 0.63 0.29 0.72
(Generation) | 5 6.06™ 6 1.26™ 0.21™ 0.68™
(Generation x Year) Jlo x|} 5 2.78" 6 1.15" 0.011 0.33"
(Generation x Condition) Ll & 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) Ua> 20 0.43 48 0.3 0.034 0.22
(CV%) /. &l iS5 w0 1.47 1.55 22.6 1.86

S sg Dlio L3l 5 55 SOl A lie
Comparison of mean of two conditions in physiological traits

(Water deficit stress) 1 s jaS 25 40.15a 3488a  0.809a 23.77b

(Normal irrigation) Jus 5 gL 50.26 a 35.88a  0.833a  27.34a

S5 Slio 53 b fd o :S0le amlie
Comparison of the mean of generations in physiological traits

Gaspard 34.08 ¢ 37.06 ¢ 0.838 a 24.3 ab
DNu 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

Fs 33.99 be 0.822a 24.8b
BC1 64.18 a 33.03 bc 0.815a 246b
BC? 63.45a 38.21a 0.841a 26.2 ab

Loy30 5 Jb‘é&)))‘}&”c%ﬁyiiﬁj#%
*and ": Significant at 1% and 5% probability levels, respectively
2, Ol Cdo pl gl ol31 a5 Js e 4 33 S Kos Slho & Cund oy p 3 m Sla s sl gl s, colia 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 2. Combined variance analysis in two years along with the meanings of the environment and generations

Sl @ Sola Jis s parls Tl o S ool
s Stomatal Chlorophyll Relative water Flag
) i

Sl s ____conductance _ index _ content leaf area

O Ol e 8T 0T e O e TS e
WDS NI WDS NI WDS NI WDS NI

(Year) JL. 1 14.99™  2.25 1 0.279 1.227  0.503 0.559 0.955 1.84

(Error) Ua 4 0.44 7.23 4 0.889 0.267 0.42 0.171  0.277 1.06

(Generation) .5 5 582" 181" 6 1.101" 1.679™ 0.204™ 0.057° 0.469 0.39

(Generation x Year) Jlu x Jo5 5 3.09" 1.065° 6 1137  0.744™ 0.034 0.035 0.217 0.33

(Error) U= 20 0.54 032 24 0.398 0.209  0.046 0.023 0.25 0.204

CV%) /. & s o 0 1.83 1.13 1.8 1.27 26.5 18.2 21 1.65

S5 Sl 3 b o o nSle 4y lis
Comparison of the mean of generations in physiological traits

Gaspard 304c 38.75¢c 34.24ab 40.68a 0.845a 0.832a 22.08a 26.9ab
DNu 36.32bc 51.91b 33.09b 35.22bc 0.74b 0.787b 24.6a 28.09ab
F1 41.02bc 55.7 ab 36.69ab 3521bc 0.81la 0.85a 2533a 29.2la
F2 47.48b 53.1b 32.24b 34.08bc 084a 0.85a 23.02a 24.95b
Fs 32.7b 350lbc 0.808a 0.84a 237a 26.07ab
BC:1 63.46a 65.76a 36.78ab 31.53c 0.782ab 0.848b 23.86a 25.46b
BC: 66.08a 61.85ab 39.73a 36.7b 0.84a 0.843a 25.75a 26.63b

o3 0 5 ) dlesl a3l pe oS 4”5
“and *: Significant at 1% and 5% probability levels, respectively
by Gl Sdes cpl gl o514 J:jb e A S g J»asji-iﬁ Slis 45 S g 2 5530 Sla Ll SlUAeS (Sl0555, ol s o

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

e Lol sla 0 el
Joint scaling test

(X)) bl am 05051
(X?) Three-parameter test

D Cc B A

2237 -0.19+1.17 -6.46** £ 1.97 0.56+1.05 -351*+1.14

33 Sl e 508 Sl esliad b s s S0l 20
Generation means analysis using least squares weight

| j i h d M R? RZ X(d

277+047 -4127+142 052+0.33 0.937+0.29 27.87+0.14 084 0.9 2.6 (1)

S35 Dl e 568 3ol b il 8l alos
Calculation of variance components using least squares weight

bl il ey Sl sadails Wboly bl SRl ol bl bl bl
(Dfd) (Dd) (H?) (H%) (Ve) (Vo) (Vab) (Vb) (Va) (Ve)
-0.45 2.27 0.1 0.59 59.44 34.9 -5.87 29.25 5.65 24.54

Ao )30 5N JLQ;;-\CEM)AJBJ'\M‘%JS«{:%;M
*and ™: Significant at 1% and 5% probability levels, respectively
5 el bl e bl ol 3 bl ¢ aes ebls cews 5o D 5 DA (H%, HZ Ve Ve Map Vb Va Ve

\:A:JL(«J g_ﬁbm‘)g:,mﬂﬁ L Bh) Lﬂ}.ﬁ} dﬁv\iut‘) (P E dﬂ.,\ig;ﬁb) ‘dn:)ﬂ.ﬁ J«JL}).) ‘L;\:A:) UM_:L:)\) AC,.MJLG
VE, Va, Vo, Vap, Vg, Ve, H%, H2,, 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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(Rascio et al., 1998) Ol ,Ken 5 »Sul, (et al., 2005
Rl b p S i slac 55 50 &S Ln S 518
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Slys s Se3lul opl ol «(Marcelo et al., 2007
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Sl S G55 5 Jl s L 53 o (13 e SV
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Sl Sl 28 (7 ) A aalllas 55
O LT I PRCI U g
(Soleimani et al., 2014; Lonbani and Arzani, 2011)
Schonfeld et ) O,Ken 5 Mol syl calas
55 ol 3ameS a5 Bl L s S bl (al, 1988
Ysana 5 S o 1y 20lS S O el (sl st pS
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Lt O 3 5aS G5 Tl 3 65V S T
0L 5 3SSul, (Colom and Vazzana, 2003)
slacs#5 ,s &8 wals olis (Rascio et al., 1998)
PEREL I R EtE RUN W I Wy
ple ol (Sew Aol e a8 LS olsn plu!
SK 30 sy Lame 53 e SNl 0 s s

Ol o lgime 3L s gl Of 5508 i



VA /Y oyla /Nl / alS Sy sla i

s bS5 (Schonfeld et al., 1988) O, Kan 5 M 5
sl ol s (Kumar and Sharma, 2007) L L
el f3e ol e Sl do S s
Cho Gy S 35 edalie (Islam, 1998) Ol
(g Sl slid (olll 5 S Ol e (5 s2ms
3 HIPE e S e by G
Poodineh ) sl 5 9,U 5 auss 5 by 20 Ll d
5 el ol s a (and Naroui Rad, 2015
S Sn ol e lsme JES 53 1 RIS
Farshadfar and Amiri, ) ¢ wl 5 Bsli 3 Wlasls
Sy s Lille 50 il ol 3 (2015
S e G ST L S O e gl
Schonfeld ) OKan 5 s ss L3S 5158 Lol 58l
S pdl,s «(Merah, 2001) o - 5 (et al., 1988
2 kS 53 Ol ol Glgee osar 5 eses
ol Jds a5 Ll e S SENL L el il
GRS 5 il o el 5 Ade Lasla |, S
Skl S Bame SS & et slac S
A s e it Slio plcilhs Ol S bl
5315 SR e 803 Rl g es e La0
Falconer and Mackay, ) s,b Clew s pdcilys
Usmed Sl 3 Rl Sl 2 e (1996
53 L O Sl eslizal Wlg o S5 Ol o (Glgime
slgniy i 4 Caslie sl o kS ol slanal
&y sldad oS S8 sl Gl Jod 53 o st et il
5o il el s e 3 Shas e SL50) Gl B
Cils GBI Ol o ol Gos bl w4 e s L S
g5 2y w ars b oadhe s Comexr &S
ST IS 5 S Ol s Glgomn 3550 53 B S5
Spdydlyy 030 Wb a3 5 Ll Ol 5 b
5o o5 yete O Slp RS (i nl o
i Jeod 3 O Glae S L OIS

el Sl 1 s s, e Camax 3 s S

S S pslie el plulid 5 olS ST Conss
Slids s (Liu et al, 2003) conl ol 4o 5
e 2l ands 5 S Qs B Kles S asiie
L2l axdls 65V ST md lgtome 5 L2 3, 55
oy St oA G s e
< lis (Chandrasekar et al., 2000; Merah, 2001)
23 S 3 Sl Solg o s il (S w4 s 2y
(Lafitte, 2002) osls wal g o5 Lol 5

5 b X Jed Llie G 0AL b s 4 4 L
S a3 b e Ol OAS s ee
Lams 33 3l Jols Sledbl 31 aslinal b (S5 4 50
OAd s gme Al plil Ay 4 2 S Oy o
5l nlEl Jhe US (sl il bl el
Gl aw e (551 3 X2 0sasT DAE s e
e Sl Sl Gl Je Do SBU 1 S
sbadae ol b 07 dod) 2 (S5 ek
L ool e Med-Ng-D) (6 malyly e Jibe ccilise
a el syly sl bl alas ls 0L Cdo sl ) s
skaasglis |y h e Cudle sy Jls e Je
bl 5l JS ol L e telian 5 5l (gl
H«MOTJ‘-W.LS‘-“JJ)FZJ@JJUJUM‘SQ
S 5l OLE 5 22,8 0 SRSl ALl s ot

S das e OLE | OAE Sls we )15 S ol Sl
JB 28 bl d o S L ke g5 0l
S a0l d code Gn g e Bl el Cul
s bl e Ol d (gt 0 a8 sl JIT
G il 53l gty 4 s e OLES s o 3Ll
Gl sl ol 585 el bl «
JAS 03 (S55 F gy S ez Ol Cdo (o0 50
5 st Galklils amlbee Al e Cdo ol
ol s ol Sy g ger 5 Al b 0T amlis
53 Pl B e Pl od Gt e B S
fbs Sl ol il L oS 3l o S5 J S
Sl 5 =l b Calas 30 e 4
ol sty 3 ladaa ) oS a gl 8l (Ss



d‘)&qﬁ K] 6.&"

&jwd‘jbuwd\ﬁ éz; 40— Jade
Table 4. Genetic analysis for Relative water content

S5 P Dl 53 O 3 5eS A5 4 fuly (K5 4

(X?) bl 4w 005 oolds oliS gla el

Three-parameter test (X?) Joint scaling test

D C B A
25.43™ 0.0155 + 0.016 0.047 +0.029 0.0266" + 0.012 0.064™ +0.013
35 Sair eSSl eslial b b ok 0 S0ks 4 2
Generation means analysis using least squares weight
| j i h D M R’ R2 X2 (df)
0.077"+0.02 0.036" + 0.015 0.099" +0.01 0.038™+0.004 0.7977+0.003 0.81 0.94 5.1(1)
5 Dl eSSl eslanal b bl (Gl vl
Calculation of variance components using least squares weight
Sl el ey Gkl gl Wbols bl Rl bl bl bols bl
e e o 5 e Sah o cdle s ade s
(Dfd) (Dd) (H?n) (H?) (Vp) (Vo) (Vap) (Vo) (Va) (Ve)
-0.19 0.66 0.4 0.59 0.00785  0.0046 0.0014 0.0032 0.0033

-0.0004

Ao )30 5 Jb:;—\clsa)zj\zwg\.ﬂ;j:y:ﬁ}ﬁ
“and ": Significant at 1% and 5% probability levels, respectively

*
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VE, Va, Vb, Vap, Ve, Vp, H%, HZ,, Dd and Dfd: Environment variance, Additive variance, Dom

inance

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?) s elsl a0 orlie CuliS gla e

Three-parameter test (X?) Joint scaling test

D C 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 -32+17 -0.73" £ 1.7
55 Sl 568 Sl eslinad b b s S0lke 4 52
Generation means analysis using least squares weight
I J i h d M R’ R2 X2 (df)
1 247 +33 6 +097 3587+393 -0.787+047 24771092 089 0.96 1.5(1)
2 158" +3 14"+0.86  -7.73"+3.4 -3.55"+0.5 36.97"+0.8 0.96 0.98 0.1(1)
Lf’)} ul.x.vja d’»’-J:(’S)‘ oalail l; u""'li)‘} lef‘ wl}w
Calculation of variance components using least squares weight
e ey bl gadisdls pebols bl Rl bl bl bl bl
ol cle P oS o 5 S ol s ol sl 58l Joea
(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

doy30 5 JLQ;}‘CEM)))‘J‘;'\,‘A‘%J;A%:*)%'H%
“and *: Significant at 1% and 5% probability levels, respectively

5 il sl e bl il bl ¢ ame ebls «os e D 5 DA (H%, HZ Ve Ve Vap Vb Va Ve

Codle 5l Gl el

I LR L Lt PP R P O y-JON PTG S oo POt o] P PR N o P PITCIOW

Vg, Va, Vb, Vap, Vg, Ve, 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

by 5ol 35S 25 bl a Ci g a5
1 and 2: Water deficit and normal conditions, 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?) (bl 4w 05050 e oS sla 045
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 66.7" +6.43
2 1738.4" -13.43 + 64.13 28.04" £ 10.97 30.88™ +5.38 24.03™ +6.78
S35 Daips eSSl eslial s o 5 Sls 4520
Generation means analysis using least squares weight
| j i h d M R R? X2 (df)
1 -851"+17 28.3"+0.97 1188™+27.1 537+176 21.8°+11.1 093 0098 0.8(1)
2 -191.9"+185 3557 +0.86 253.9"+30.3 2.28"+11 19.9°+105 1 1 0.3(1)
5 Dl eSSl eslanal b (bl Gl e
Calculation of variance components using least squares weight
Sl ol ey seddls gl ebols eboly Rl bl bl bl bl
(Dfd) (Dd) (H?) (H?) (Vp) (Ve) (Vap) (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

L

Loy30 5 JW\daM)a)b@Muyﬁs;g:*)
*and ": Significant at 1% and 5% probability levels, respectively
5 el sl e bl ol bl e ebls «e e D 5 DA (H%, HZ Ve Ve Vap Vb Va Ve
C,-:JLO)\ g_ﬁb}u. E) \:,?JLO a3 ‘gfp}”‘} 6);.,\.5&:,5‘)) (P sE 6)5‘.).5\:,.')} ‘Lﬁ»‘;ﬂ qu_)b <‘5.<¢.2;j J“’L.’.)‘ﬁ “L?JLO
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

by s ol 548 25 Jal,d Ci g a5
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. F1,
F., 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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