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Table 1. Analysis of weighted variance of studied traits in different generations of wheat populations (Parsi x winter
back cross Roshan) under normal and terminal water-deficit stress conditions

&b eI (Mean squares) le po (555l
Env., O @Bl i chla chb CmT LA PI SC LT FV/EM  RWC
S.0.V. df.
Sl -
_ 445 134 666 015 149" 851" 651  0.09 1.19 1038
g (block)
3:'2 Jos 5 480 7377 2038 16.76™ 1.57™ 577 19.04™ 6634 3.08" 3.4
-i S (generation)
3 g > 10 141 068 52 132 022 080 381 324 0.64  11.85
5 (error)
4 . -
Ol sy 302 498 163 129 1851 337 574 11006 450
(CV%)
;) 5 1 9.06 1072 10.89 7.95 742" 0.1 0.75 20.41 0.01 6181
H g (block)
il T E .
A 2E Jos 5 838 949 50.57" 32.89™ 110.74™ 434 19.29™ 199  3.62™ 52.11"
3 §§ (generation)
. £ )
S £ % > 10 557 298 448 7.8 1.17 060 3.69 3.04 040  19.07
4,
. E‘E (error)
P - .o .
315 Ol w0353 665 709 425 318 2224 537 470 87.63 719
(CV%)

*

.M)Q&Sﬂj&JLQb‘CJG‘J)Q)‘Q@M%Jﬁ@* 3

*and **: Significant at the 5% and 1% probability levels, respectively.
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Table 2. Mean of comparison of studied traits in different generations of wheat populations (Parsi x winter back cross
Roshan) under normal and terminal water-deficit stress conditions

(Trait) cao

oo

. Chla Chlb ChIT LA
ENV. Generation s Yield (g/plant) (mg/g) (mg/g) (mg/g) (Cm?)

P ok Wiy 12.90%+0.68 27.3940.79  51.78%+1.32 77.67*¢1.63 37.77%+0.95
? P2 S Wiy 17.47°+0.74 27.79%+0.70  30.95°+2.39 57.77°+2.54 35.49°+1.21
é G " Jol s 13.990+0.54  27.64%t0.42  47.59"+235 67.07°42.49 36.08"+1.19
5 \E_ BCi.1 &b AWlg b Jgl Jws M)a ‘gﬁb 8.48+0.86 25.63°+0.69  49.21%+3.17 76.46°+4.26 36.55°+2.32
E:_ Y. BCiz  om gl Jgl Jus (i (S 11035107  2522%0.74  453"4381 7026™+3.61 40.10%3.02
g ] 099 Juwi 12.04*+0.93 24.74°+£0.54  44.95%+3.93 69.49°°+3.89 38.40%+2.21

Mean u.&lm 12.65 28.06 44.96 69.78 37.33
P: ol Wiy 10.46*+0.83 26.06%+0.47 43.98°+£1.90 72.10%1.56 36.16+1.43
P2 S Mg 11.16*+0.61 35.1540.55  47.85+0.86 49.22°+2.53 31.35°¢1.13
. F1 Jol Jws 9.47°+0.82 26.65%+0.57 21.98+2.41 56.49®+£3.6 33.68>+ 1.1

BCi1 ol Wlgb Jgl Jous iS5 S 10.56%£0.97
BCiz 6y Wy b Jgl s (S (S 9.5640.87

o gorbe | <€ o

23.81°%+0.81
24.84%+(.84

40.70°+2.74  71.26+2.61

45.68%°+2.7

55.76"+3.13

34.82%+2.16
43.10°+2.13

uonIpuod SSAIS)
(IYIP-I19)EM [BUIULID |,

F, H"J-‘“-; 9.67*+0.66 23.81°+0.99 28.37%+3.00 61.10°°+3.09 32.07*+1.55
Mean U&Lm 10.03 25.97 43.38 64.81 33.99
Table 2. Continued alol .Y Jguo
(Trait) cae
e i PI sC LT FV/FM RWC
ENV Generation (°C) (MPa) (%)
P1 6ok Wy 5.4330¢£0.79  5327541.09 29.87°+0.32 0.73%¢+0.01 78.63%+0.57
2 P2 Gy Wlg 4.63%4£0.79  63.54%1.46 31.96°+0.28 0.73%+0.01 73.49%+0.91
é_‘i‘: Fi Jol Juwd 64844066 58.09%0+1.85 29.88%+0.39 0.74%+0.01 75.84%+1.04
O 5 BCu bl Jsl s iS50 SN 47204098 66.6243.17 32.92%0.65 0.68%:0.03  75.38%1.92
§:~{ BCiz 6y WIgb Jgl Juwd iiFyy W 3.46540.86 54.93%04227 27.70°40.22 0.69°+ 0.02 71.99%+2.00
g F, 290 Jud 5.99%+1.05 65.26%2.73 33.64+0.34 0.69*+0.02 74.89%2.34
Mean oSbe 499 60.28 30.99 0.71 74.97
= P1 6ol Wy 2.43°40.88  46.724+2.38 35.95+0.31 0.68°+0.05 50.63%+1.06
=3 (E P2 Gy Wy 2.84%4£0.66 40.42:0+2.07 38.99+0.32 0.73%0.02 75.57%1.01
g EZ v R Jol Jawd 3.23%£0.50 353994257 36.90°£0.28 0.72%°+0.02 61.18%£0.66
g § % BCri  yole Wg b Jol Jouss oS 1 o3 3.91%£0.86 34.43%¢£2.88 39.25%0.16 0.69%£0.07 59.79%1.70
g z ‘E BCiz 6y HWlgb Jol Jows iy S 5.482£1.02 27.87°+2.88 36.34+0.33 0.72%+0.06 67.45°+2.13
3 gj ct F, 090 Jund 4.05040.83  25.12°42.94 37.11%£0.27 0.70°%+£0.05 57.86°42.16
— 7 Mean oSl 349 35.89 37.12 0.70 60.69

.M)a&”@mjub!cb)a)bw%;;q* P

*and **: Significant at the 5% and 1% probability levels, respectively.

(P10 0) il oo o gae Dglas WBB STls (glasals i 0395) b s (g e 58 S pde By SO Bl (glls a5 b 5:Sle
Means in each column with similar letter are not significantly different (Duncan's multiple range test, P <0.05).
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Table 3. Estimation of the genetic components of studied traits in different generations of wheat populations (Parsi x
winter back cross Roshan) under normal and terminal water-deficit stress conditions

(Genetic Parameters) S ol
5 G Gl el SF
ol i cadlé sl cadlix cudlix PP
Trait o (m) [d] [h] li] lil [ "
(Normal Condition) Jby &l
Chia 21.5140.95 -0.08£0.38  521™+1.24  6.51*"+1.08 0.65
a Jﬁés)l‘ 6‘ . . . =U. . .. . . . - - .
Chib 32.89"+1.44 424"+1.97 1.607+2.59 0.34
b ubs 15 glyime I2897 144 424741, - 16072 - - :
ChiT 1543"£5.17 -7.04"£1.37  2.01"+6.10  -2.03*"+5.46 1.56
S s IS ol . 17 7. . 2. . 2. ) - § .
LA
_ . . K **:E. . **:t. 2. **i. 2. **i. _ _ .
5y s ils 1694741 91374107 22776545 -2.28744.90 1.82
PI ok ok *ok ok
oo asly 10:9570.38  -1.00740.12 - L.617£0.29  1.09"*+0.45 - 10.10
SC
e colun 169774418 45774093 -2.097+6.14  -323°+430 536"+6.33 - 1.70
Slajgy <lar
FV/FM
losgid 21U 50> 099%40.00  0.68+0.00  -3.60°+430  3.97"+0.04 - . 0.17
LPEUE
(Terminal water-deficit stress)  had ;51 Of dgunS s
Chlb
. eymg 117541 71 64 15%% - ] vy
b s IS clyima 135547478 -ILT5ELT1 -64.157£18.95 -31.05"'+7.70 48.91°+11.56 0.12
ChIT 4423%£0.55 743054  8.61"%£1.00 1.47
JSJﬁés)lf 6‘ o . . =l . B . - - - o
LA
< S 3.967+0. 44710, - -0.217"+0. - - .
5 s Ly 3:96750.03 0.4477£0.04 0.21"+0.07 7.07
Pl *k ok ok *ok *
ooy pita FTATEO2T -L00TH012 15075039 16174029 19074045 - 0.72
sC
e colun 22:897£0.17 -0.707+0.15  -1.70°+0.73 - - 310073 1.24
SlVygy «las
FV/FM
wbobgd L6 50> 5 30%00 18 0.817+0.07  1.89™+0.26  1.027*+0.20 - - 4.76
| PETOE
RWC ok *ok *ok *ok
51.88+£2.90 12.57"+1.12 24.09"+4.17 15.08"+3.21 . - 2.16

Sy O o slgizmo

.M)J;%j@J&b|ch‘u)¢)|oww;Q* 5

* %

ua.>Lo :PI 5&5)-] Gh“’ ua.>Lu LA ‘JS JJLJS &5‘9’17“ «ChIT b JJLJS &5‘9’17“ «Chlb a JJLJS &‘}"&u :Chla Wig o aslo o)il.a& :Yield
.5,3 “7;‘ (s Slgize RWC. ng..s L;’L.A—WDJ Gg.l)lf Jryres :FV/FM (slae, colas SC ‘g;iLAadJ)'

*and **: Significant at the 5% and 1% probability levels, respectively.

m = Mean, [d] = Additive effects, [h] = Dominance effects, [i] = Additive x Additive effects, [j] = Additive x Dominance
effects, [1] = Dominance X Dominance effects.
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Table 4. Estimation of general and Narrow sense heritability of studied traits in different generations of wheat
populations under normal and terminal water-deficit stress conditions
Wliwo (ol S x (o)l ol S x gl Wilbimoj ol S x (o5l 0 S x L

9 Crrgy 4iliwns ) O9) gy 4l
o Parsi x winter back Sistan x winter back Parsi x winter back Sistan x winter back
cross Roshan cross Roshan cross Roshan cross Roshan
Trait 2 s 2 s 2 . e 2 . e
hi, cog0e (5 5209cd)g hi, cog0s (5 5 34CSl5g hij oogas spicilyy  hf oosas g paucdl)s
Jbo s o Jboy o Jboy o Jbo s o
Normal Stress Normal Stress Normal Stress Normal Stress
Yield 0.84 0.69 0.90 0.93 0.42 0.45 0.45 0.12
Chla 0.60 0.76 0.90 0.96 0.18 0.43 0.31 0.78
Chlb 0.90 0.77 0.94 0.95 0.52 0.61 0.53 0.27
ChIT 0.89 0.70 0.94 0.95 045 0.68 0.63 041
LA 0.92 0.75 0.96 0.95 0.50 0.54 0.58 0.56
PI 0.78 0.72 0.87 0.79 0.38 0.27 0.31 0.04
SC 0.93 0.71 0.94 0.96 0.09 0.12 0.36 0.32
FV/FM 0.94 0.70 0.63 0.50 0.38 0.18 0.30 0.22
RWC 091 0.88 0.89 0.88 0.31 0.08 0.27 0.05

QQDL..; :PI u_f).g a.la...u uaDL..» LA ‘JS J..B5)15 &5‘5“"’"" :ChIT b &55)15 &5‘5""’"" :Chlb a J..B5)15 &5‘5“"’“ :Chla ‘435.3 B asls Q)S_Lo.c :Yield
.J)g g_j s Lglglm RWC. HW% ‘:Lwys ‘5‘)15 rSlJ@ :FV/FM s&ld.i)'j) Colaa :SC s‘_él.aox)'

9 Jloy bl pd o (pligy ailiwnn ol 5SS X (gl (S iliso gla Jus j0 axdllaosd j90 Wlho (39 (iliylg 22525 .0 Jgu
Juad 5T O dgunS s

Table 5. Analysis of weighted variance of studied traits in different generations of wheat populations (Sistan x winter
back cross Roshan) under normal and terminal water-deficit stress conditions

&b a0 (Mean Squares) <l yo (115lbeo
Env., O el il Chla chb CT LA PI SC LT FV/FM RWC
S.0.V. df.
J* % * *k k% *
— 17.27 3.62 0.06 0.01 1.56 636 348 0.07 4.90 9.65
g (block)
= o Jonnd
5 { 5 16.40" 50.44™ 26.55™ 24.53™ 25.04™ 1.96 5.33™ 81.28" 1.61 11.62
A (generation)
s £ s
21 10 3.54 0.63 0.75 1.32 0.57 082 0.49 1.54 1.08 6.85
s (error)
= N .
Sl 1455 3.01 174 143 174 1691 135 3.83 14805 3.51
(CV %)
=
E(E o 2.28 04 1.41 30.94™ 224 201 13.66 36.71 1.54 4.33
@ E . (block)
EE. \0. M *k *k *k * * ok
:&.E" : 5 6.88 25877 38477 47.107 23.21° 7.36° 3523 54.19 228 65.79
S £ ‘-, (generation)
22 ¢ s
E*% E\ 10 2.76 0.13 4.59 3.18 6.68 0.87 22.03 28.79 0.77 0.19
é% (error)
= . . .
E% :(;V)m;’/)%.ﬁ 17.25 1.51 6.24 3.04 6.32 2822 10.77 14.12 126.37 0.71
0

* ok

ey o g gy Jletol e o o giae w4

*and **: Significant at the 5% and 1% probability levels, respectively.
ol P15 w23l LA S 39,15 slgize :ChIT b L85 glgizxe :Chlb @ 84,15 slyize :Chla gy ;o ails 5 Slos :Yield
Sy ol s Gl RWC I picgid olaiigd oS iSlas FV/FM (S slos : LT (slaj9, colan - SC .« Sleows;



b T 05008 25 5 o Ll 2o o i Sl b Blio (S5 a5 1) 5 55T

bl cnd’ opigy ailimn ) (wlyS S x oyl (SN 50 axllaod jg0 Slo yhis il alidio b Juwd (S539 il dmlio F Jgu
Jad BT Ol sges i g Jbo

Table 6. Mean of comarison of studied traits in different generations of wheat populations (Sistan x winter back cross

Roshan) under normal and terminal water-deficit stress conditions

P (Trait) ciuo
pNy, | Ceneration " Yield Chla Chlb ChIT LA
(g/plant) (mg/g) (mg/g) (mg/g) (Cm?)
P 6ol Wiy 13.14%040.68 25.880+2.39 52.44°42.54 78.20°+2.39 73.80+2.32
z P 6oy Wy 13.12040.68 26.69°+239 57.74b+2.34 82.43%+3.61 74.90%+0.57
iz R Jol Juws 15.0400.42 28.4742.42 36.83422 86.76%3.02 74.56%+0.57
—1 é’ BCii 0l Wy b Jol Jouss (S 1 BN 114202086 21.66440.69 56.67%+3.17 57.74"+2.39 44.07%+0.57
S E BCiz sy sl Jsl s RSy (SO 13202107 2387425 743738 7214425 84.56%0.57
Z F 095 Juws  9.76°42.54  23.6942.45 442194381 69.56°£2.56 44.52%+0.55
Mean oeSile 12,93 26.31 56.06 80.32 43.65
o~ P 6ol Wlg 10.82240.68 26.064£0.72 41.96% 0.87 68.18:+0.18 53.512+0.77
3, ;g g P2 Gy Wlg 94294060 21.98+0.78 28.81+0.98 52.900+0.63 41.67+0.97
‘3; TER Jol Jwd 9.68%+0.27 22.8940.52 31.28%+0.78 65.85%:1.52 45.912+0.92
—;3 ‘q‘é §BC1.I 63k g b Jol Jund (i o (I 9.17%040.96 23.87%+1.1 31.980+3.34 57.700+3.35 43.12+2.44
T, E S BCI o s b sl Jes AT W TBINIT 2188163 40.76%2.83 S724%3.47 46.58%:2.61
’3) §~'"’Fz 095 Juws 9.18%+0.76 22.22°41.59 19.43%42.80 46.420+3.46 45.76+2.73
= Mean wfdl-m 9.68 23.81 34.31 58.70 40.87
Table 6. Continued alsl.f Jgus
(Trait) ce
Luxe
EI”\IV Generation Jos PI SC LT IZI:I/I/I}::;[ lty/:)c
P gS)"L” ..\J|3 5.23%+1.46 50.19°+1.09 29.78+0.32 0.70°+0.01 78.21°+0.57
E P2 SoN \-\-"3 5.80%+1.4 50.09°+1.09 30.119+0.28 0.71%°+0.02 76.55*+0.91
_},% Fi Jol S 6.40%£0.66 5533028  34.90%0.65  0.73%:0.02  72.17%:1.04
-1 S BCir ol gl Jol Jousi GiisF yy 8 51804185 5587028  33.561.09  0.69%£0.03  72.62+1.92
%Té BCiz oy gl Jol Jows (S y (B 3.59%:1.8  49.88%40.39 43350185  0.66°:0.02  72.79%2.00
% F, 090 Jui 5.59%+185  47.53°03  31.1040.22  0.680:0.02  68.52%+234
Mean mf:l-w 5.36 51.59 32.39 0.70 74.58
o~ P 6ol Mlg 2214056 47.48%123 3573050  0.68%.0£.02  50.44°:1.39
;3) E g P2 SoN \-\-"3 2.43°£0.52 40.45°+1.33 33.76°+0.56 0.64°+0.01 60.12°+2.92
‘1 TER Jol Jas 3.19%:0.44  46.64+:1.06  38.80+0.39  0.69:0.01  70.31%:1.12
,l;. g §BC1.1 S0l Wlg by Jol Jows oS gy (SW 5624070 39.5443.47 3920037 0.7240.02  57.36%1.7
EY E §BC1_2 Gy WIg b Jol Jowd (GieF yy (FW 42302072 23554342 39.66':0.43 073002  67.02%42.5
’3) g*m‘Fz pg Juwd 3.58%:0.54  28.01%3.11 3776039  0.65%0.02  57.01%1.9
= Mean u-nfuLm 3.30 43.55 37.98 0.69 62.02

*and **: Significant at the 5% and 1% probability levels, respectively.

.M)agSiB@JLoblC.!a,u)a)lo&agﬁJ)Jq* 3

* ok

(P 0) aasl oo Sl g glas 0Bl STy slasels i 039)) b it ygiw 4 40 S e By SO Bl (gl ls a5 el Sl
Means in each column with similar letter are not significantly different (Duncan's multiple range test, P <0.05).
u“’l‘*’ :PI “5).3 6!4...4 L)“’L"" :LA‘JS st)lf L;lg.‘;z.a «ChIT b J.Jj)lf 6|5.'2.>m :Chlb a ULssjlf 6‘9:-7“ :Chla g ;o aslo A)Slg.c :Yield

.S).g u_;‘ (s Lglgl.?u :RWC. HW}J @wsﬁe @blf ),Sl» :FV/FM s&j).g sled LT ‘6“‘3}9) Colow :SC ‘g;iLAadJ)'



VWA s Y alo el psle jo asme sla i

ST SgaeS i g Jloy gl o and (g ) ailine ) (S S x i (I 33 2351 2590 Slhuo (S5 (61321 25915 ¥ Jgor

Jua 5T

Table 7. Estimation of the genetic components of studied traits in different generations of wheat populations (Sistan x
winter back cross Roshan) under normal and terminal water-deficit stress conditions

(Genetic Parameters) S5 ylyl

s
X = _. au‘.'| ‘ .~.N|.'| H H’J& H )
Trait Cduo oSl il e ks"‘"‘ )5‘)-’ ] )5’ y ’)-' oS!
[i] Lil 1
(Normal Condition)  Jl s &l
igr yo ils 3,54 4.737+1.10  -0.14+0.35 6.81"°+1.39 6.73""+1.19 - - 4.90
Chla
a Judg 1S (glox 26.53£0.19 -0.56""+0.19 -15.66""+1.37 - 3.94"£1.47 17.52"+1.41 224
Chlb
b Judg kS slei 23.87"+3.25 -2.50"+0.78 40.12""+3.77 30.62""+3.39 22.87""+5.41 - 0.01
ChIT
JS g kS les 4897324 -2.35"+0.67 37.71""+3.65 31.077£3.36 17.057+4.57 - 0.1
LA - -
S b asLs 47.12"£0.71 -5.05""+0.54 -4.26"+0.91 2.74
SC
[ 26.62°+10.3 0.39+0.74  55.25"+£24.95 23.58"+£10.27 26.81"+15.12 - 3.10
Slaiygy colon
(Terminal water-deficit stress)  fad ,éT gT SgunS gidd
Chla
a Judg IS sl 66.847+0.35 5.72"+036 2.217"+0.46 - - - 1.17
Chlb ok *k *% *k ok =
b Judg kS slei -3.417£10.39  9.687+0.66 6.077+25.64 6.817+£10.37 4.757+6.79 5.64™+15.71 0.00
ChIT
JS g kS les 7.90"+3.03  13.41™+0.50 9.15"+4.34  11.817"+3.08 4.70""+3.59 - 8.80
LA
o 1 g 5L 65.85"£0.70 -6.217"+0.55 -8.85""+0.92 - - 0.35
PI
Sloowi; Lasls 8.647+0.27 -1.49"+0.27 4.997+1.35 1.917+1.54 -4377+1.32 - 6.99
RWC ek ek *k ok ek
19.627°+£2.35 -7.81""£0.63 9.107+2.65 3.777+£2.47  6.26 +4.59 - 2.13

S 3 O (o (slgio

* ok

.M)ag_i[jz_;iJLo::|cJa.~)a)b‘5;_'.avg)54{* P

ua.>|....; :PI uj).; aJa...: uaDL.; LA‘JS J.:ﬁj).ls ‘5‘5,._7.4 :ChIT b &35)15 (5‘5"'7”’ :Chlb a }55)15 6‘5“"’“ :Chla igs o asls Q)XLQ.C :Yield

S).» \.j = 6‘5“"’“ RWC “5143)'5) wb@ :SC L@LAOJ))

*and **: Significant at the 5% and 1% probability levels, respectively.
m = Mean, [d] = Additive effects, [h] = Dominance effects, [i] = Additive x Additive effects, [j] = Additive X Dominance

effects, [1] = Dominance X Dominance effects.
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(Sarbarzeh et al., 2010)
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Abstract

Estimation of the physiological responses in bread wheat helps to identify the effective mechanisms to
improve yield production in adverse environmental conditions such as water-deficit stress. In this study,
the inheritance of physiological traits and grain yield in two populations, namely “Parsi” x “Winter B.
C. of Roshan” and “Sistan” x “Winter B. C. of Roshan” were investigated under two normal conditions
and terminal water-deficit stress using the Generation Mean Analysis (GMA). The results of this
experiment showed that grain yield decreased in both of crosses due to water-deficit stress, so that the
average of grain yield decreased in “Parsi” x “Winter B. C. of Roshan”, from 12.66 g/plant to 10.03
g/plant, and in the second cross decreased from 12.93 g/plant to 9.68 g / plant. In normal condition of
both crosses, the highest amount of narrow-sense heritability(h2) belonged to chlorophyll b content
(52% -53%), leaf area index (50-58%) and total chlorophyll content (45-63%), respectively. In water-
deficit stress condition for the first population, the highest amount of narrow-sense heritability (h2)
belonged to the content of chlorophyll b (61%), leaf area (54%) and total chlorophyll content (68%),
and in the second cross it belonged to content of chlorophyll a (78%) and leaf area (56%). The high
amount of narrow-sense heritability for these traits illustrates that additive effects play a big role to
control them. So, selection method could be effective method to improve the mentioned traits.
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