T

ML S liing 011;(!47"
U’JM:‘F u%:

(YAQ-FY) \WWAF [ ogum o o [ piddd 090

30 (S i 9 Jboy bl plh Sl 92 ooz 90 s Y (ST g9 (205,
0 piiodisy glaay 3 5l eoliiwl b glageals’ al> o

b6 s 58 97 (g ol Ao T g yhrn s T W sl ) gaese by

VN iy o W/ - 22l 0

oS

GRS 5 G g Ll 90 cod (Hordeumwulgare L) sz oS g ol lagn¥ (S g9 b)) jshanens
A L Cebad CapaxSusptrit (CCx$),,¥ V1Y L VadaxSusptrit (VXS)slaccaes «slazxals al> o jo Sz
axllas 5 g0 allS Lyl i o S5 g0 b Bolas SLels b B o alBlax iolesl 9o 50 ually slacuisss ol pemas oY
plasl St 559 ¢ Jedg 15" (slgioms o5 O o (glsioms Jolis Sysolsnsed oo oz o (6 Sojlail Slao iz 5 )18
g Vo V) SL (gush) Candg aw )0 (Sid a5 llyd cod L8915 Slyione Cdo s S p mhe gles 5 2lse
o |y CCXS 3 VXS lacunar slarpV (glades 450 mls 8,5 18 6,.505l0l 5,50 (2l cudyls oy B+
Ol b1y Lagaiog )5 ol @l 58 paesedd gl 4325 0,5 (guhneg,S adiss Loz 5y )0 i Gialesl Ll 50 0
AYTE 5 VAIY ggazme jo S5l 5VL g o gime ofag poolie b Jsl (aeseds &l 50 VXS Comaz 90,8 wali Y coidge
Lipgo s Jsl @l 59 55 COXSumaz 0 s )S s (Sis (55 5 Jboj lulpd cod o g 1) U5 Guilyls 5has,e
plaidlog 4 (Sas 2 g Jlo s Ll pb Cod ol Jar | Slpaass jlaw )0 30 5 VAIA ggame ;5 Sy 5l 5L gy polie
59 gy b gVl Aol jloolinl b wiumez g0 o 50 5 lolejl Lulyd 50 58 Coni oY (gatieg S sl
S slel opeiioniz ooy Sy paeis @l 4z 45 0,5 blatul plgige i (ol @l 51 cd)S 518 agl 0)se
ol Giod @l (eizmen adloe 5 g A5 e luld oS g slacasi) saies)S anl g (b))l sl aebe
S Olgn 8 s pgboar 0)ls 092rg anlllas 3550 Lulpd 93 ja Zow g Cunex 90 58 50 Glazgs BB g ok o a5 ol L
PSS a Jemi b bl e (o8 Slao saiS S G5 slape pbaddi o J5Sse sl Silis ST e bcerezr 0
WOy 0 M2 9>

58090 38 Dlao cumgiVlale alold « aseis mb 4 jo0 (glads>a jo0 (goadS gdojlg

Ol e, o kool Gaes ol8idls o b mlio 5 (55,5LiS 0aSiisls (bls ZMlol g sl 05,5 (6 5SS (ggzmiils -)

ol sl e chors ) Bimo olEtils ¢ _sxmsbs ailio 5 (53,5laS 0uStils w2l ol 5 el 05,5 o, Luils Y

ygal elindiod lojles (ol il (rls lia 5 (55y9laS (el g linizg 35 0 ¢ Sb el lindos iy (g leislo Y
Olrl by «5,0LaS @9 9

Olpl edmo,l o huo )l Baoes olRisls o crpds mlio 5 (55,5LaS 0uSiiils «ULs Zdal g el 09,5 ¢ Loisls -F

Ol ol (oylody olRasls (65,9l oaslisls (bl ZMlal g el 09,5 ¢ jLuils -0

sofalian@gmail.com Jstus osis s *

Y44



WWAF 50l [pgu o lods /oian 0,50 [ labos

5 4575 Slagty, W sl aldls sezy e 5 ot
o DAL 5l g0k jlade (03 2 G 3l g &5 (el
Glp o als 1) s Slee o Jae Slao sluss
Guertin and Bailey) as 35,1 b o Kaegs
wr bl sy, 5l S sladsa s (1982
#LS Alisie galsz G 895 e lp 45 Sl it
ool ilizee (glaog 5 4 o] (ganaiws 5 5,5l 4
Saburh 5,.5 o )l,8 eolaiwl 5,90 (S5 alis b alold
Solsas 4 Klgs e 9,50 50 50 bg, 0wl (€L AL, 2008
bl 313 (wBly sloog S (33 Sl (S led SeS
bl g lesls zals (6,500 ¢ oyl o (Sity ales
.Jobson, 19924us L 09,5 o 5l cogame o8l
wiz sl sty 5l K (S ot 4y
O Dol 5o lejen jeba las den 4S5 o pie
S dmlie (g (nl 9 WS o0 )8 (o) 2 3590 2B
S5 s Gk ol azpl 4 e 1) ituser 5l 668
Yeateret al.,) sjlu o o2l ] o Cavods 0 pite
@ aEd Sl oSy (oh, paiial w2004
wiloe Sl (Swar w5 ol loadlse
ovs, ol &dls 5o (Vaylay and Van Santen, 2002
h Oslds cp i o5 (Lol Slio s DLoS 5 @ jo
Sledoo pazive wijluoe ol 2 ooy 5L Lo WS o
(S5 sl ae (Dillon and Goldstein, 1984
Oty sl &S s Jle s ol S s
25 yeite (ol Siblge 09,5 5o b alair (Sieon
b oV (Sen wid 5ol Sliv a5 >
Bouslama ang oib . Soes 5 Jiiee
Ol Blgs o anis b 4y 3 (Schapaugh, 1984
lewsty daloaez G900 S 1 bleaer G
Flie )3 a5 Sloj bilorezr (pm (acsis 3,5 Sl
Renchen oS s wgi oo 3051 lares (9,0 45
Caalid jlade pd o glabgs a4 525 5l eolawl jo (1992
2 &S boabes LSS 6ln (oB9) e 9 (295090
Lol ailgn p3Y anlons (6 ,eSo5lnil caleds e asly
ssbar Cald 6 pSoslail sl (pasas (b 4y o
soliiul ot dwle  SoglS (sl aiie ) awitow
S Slyrear ( SEglS sl yerie (:Slee Hlake 350 o0
Vaylay and Van Santen,sgs o a5 oy ,s
asllo L Jaynestal., 2003 ), Ken 4 ;o> (2002

dodsio

Sk 51 o Hordeumwvulgare L. _ole pb b 4>

o8 Dy g min paiS LS )3 g 009 Lis ) g ale
Sz (555 9215 2 958 sl 656 Ol gz olS 0,8
Laylyl j0 a5 (659bas (diS 0 Bran ;S50 e 4 S
gy ol way S (Sas ol 5 (2007
(S (pl 45T 098 o0 Cgaie (55,5l DY gaze Jlky
oS aoys Ve sl o Bl el el o Slee
GRS gy e SRS (50 gy orl 5l e
JALC- u—’)—"—‘)-’“’ 6‘_}0‘09\%& W.Io )Jol>d.s N
Sl Sas ws (Gosalet al., 2009 asb .
Tokeret) jo)b aj98 8l s b 5 BB (Swisb
Arauset al.,) YL o,l,> a0 pisen g (@, 2007
d.L:L..,o o Q)S.LQ.C u,....mlf J.alﬁ.c P o )’1 éuo
ol o @l et Gl ol; plalS (el sloasl
5l o6 cwls4 (Andereet al., 2000 il oo bl
ol @b g pley wae ol gsdy ooy 4 (S i
cwglie (Seraj and Sinclair, 2002,y S
5 2l Slogas i ()l axil ((Sis 4 Glals
b (Good and Malagan, 1993..! oo e plxil
als o Sae sl p (Sid 4 Jomd &l ol (J>
SHr b g o9 Wbly o S Sle 4 (Sis
Sl Gl came o Godgiy blie 51 il )ly o0g
Ludlow and Muchow, 1990; Koszegt al.,)
GrSoslail g cad sl |y (Sas 4 Cuglie (1996
990 5 (S5l58,50 (SIS Cho S (97 g0
sl =5 L (Farshadfaet al., 2008 el ooz
Ol 9 958 o0 43305 Al jgbody Cas ;o 0 eSS
oilil lao a5 Sloj 1) (o) 2 9550 Slacedsly Dslis
30 S e oy iyl bl K0S L oedds S



WWAF 50l [pgm o lodd /okan 0,50 [ labos

S A5 g Jloy lpd Cod g oy (S5 s

xx slod i 5l solatul b slamals d> o jo  Sis

pll (asisali 4520 g sladies 4 o0 e 5l o sie

L gy 9 olge
RIL=)

S Gy ol Y ONY slaw

03, 99 W ;| Jol> (Recombinant Inbred Lines

;Y Ay Jafariet al., 2006a VadaxSusptrit
Jafari) Cebad CapaxSuspt(i ;! Jol> RIL
28,5 )18 oolanwls g Liale;l cp! ,o (€t @l., 2006b
Suptrit o3, ailoas sl ada Kcsly sfails 4o S
s Vada pl)l 5 (Sus 25 4 pslie o8, Olyeay

Nguyenet) wisg wles o)1 o l5ica, Cebada Capa

JysS Jels bl L alsds o isleyl @l 2012
3 e 50 9 WYWAY Jlo j0 Cugby g Lo Ll 5l s
1285 plowl ol ol (rblie 5 (65,9l8S Dlisdou
ssbar plagnally olyes 4 Coxex g0 e glacnY
slplaly o Sus o g Jlop yls o ailflos
Jodods o s e 0l VOXYO olal b Sl
o odliiul 3)90 (S jiy g AHS Lase (23158
Ll )85 g0 b dolas SalS 5,1 #5b e iales]
% d3e O o udlly Bl izen 9 (Y e 5l s S
Ve Lol JSIL Sgteas 51 g ol asils p ollo
oS 5y bglee g wals ciS o lalS s jo s o
b ey Juw 51 e w90 SOl anls g el ST 3:)
ode ¥ lulS 2,0 azals olaws (0,5 S0 Jos
seba Gliolej] den ( Fp F Ay b .cdl zals
el 5l lieb) g (pizren 5 Wind (g )lal SS9,
Syaibinl Slae Jelows I > e g0 ( pldé olge SIS
Sz syl axals a5 glad> 1o o adboslaiw! wlSen
Gll camaz g0 5o i GalosT 5o wiad Jol5 S 5
i sgbar el by Gralesl o (g w5 el
Lolls S cogb ) Gas,; Gloj b (il 28,5 &0
Pl ol jocdbaclsl ey cad,bas o Ve e 4
Slp ol s pSeslail Liolesl 98,8 yo Jas 890 Wlaw
Soyd Vooay bplals cugh; Gl 4z aSil e
g od 4SSl )3 ST sl o0 (215 Sudsb
az A slos jo 5 gl o (SB35 ples 3l (sl
L GalE Y ol g w8 Sz MblS celu YF Goo @
S 09 e 9 WIS p 00l Sl (S S 5 ol

A

2L eaiss cnl wslas e il )0 ©)8 slacss
Ol asaial aien by s ,S (gaiudiws 09,5 O
Teteo 3,5 plxil (gaiseg,S 5l doys Ae aS Wil
Shafiee Khorshidet) I,5en g gawis, 33 Cawlosss
o oy o asss ol o S i s Jlos okl Ll
&b 435 b g wogeld ganatws 09,5 ¥ 0 Lld 9o
Teo do,3 Vo (gaiseg,S pl aS wisls (lis asens
o 009y
ol 08 o b olS ol plad jo  (Sis is
ol Lkl 5l (S sl cely slazalS al> o jo s
Ao 50 lacuiss) aneg)S ln Ol d9dies
Slae gl elex g pglie slacais 4 lazals
o) b las e Slas alex 5l (S5l b 5 (So3els8)90
(Zhenget al., 2008 sges oolarwl lsa plasl 4
GAYL duzme Al ) 08 cdlod ey o3l 6LQ=\ML5
Slosgs 55 SVsb s Cou aS GleasalS 4 cos
azalS 5,05 5 S Sis Ldoay pl aS cuils walgs
51 el casas i s s Jesd &l I Py
locl wnld pl jo aS aiS e soliil "la" o5l
Rl 305 g B Alegins 9 095 o0 00,05 azalS
Lyll )0 00,5 o ddome Ol Cgz oS olly Lass
ooliiwl "oy g (5]l 5l ol (eudle (St i
Iy 095 ol o Sidynis Jal 1oy 3oyl (a9 A8 0
wilize ale ;o (Chenet al., 2010 wle oo Laa>
o33,5 aslllas 9> loazals 5, Sis A5 b
ol il (Mateuszet al., 2014 ) SKea 5 59550k .ol
PO 5l i glacas b (Sis al> e o Sis
S8l 58 Slao (59,1, S Casb; wo )0 Vs Bas s
WS S g WS eyp ) 92 slacd
(2Rl gy Wy SiS (3 5 S ol e Slyime
lg= S (yimen .Culily LialS Wiy, S il agals b
Ui adlas L (Kochevaet al., 2004 . Soa
RS a8 sl (LaS 52 03 90 laazalS (55, (o]
i ol adlas 0, Jske slid ol
x93 5l Jol 92 S S 0yl slacnY soieg S
G5 5 Jloy )kl bulygs 5 CCXS 5 VXS 3



WWAF 50l [pgu o lods /oian 0,50 [ labos

ul)li.o.:o 9 (G

g 90k gy 3l cie Gl erSoslal 6l s S
A5 eolanwl  (Barr and  Wetherley, 1962
8,8 Dygo g VY el 5o (Sl (6410 paises
sold Su b Al Sy sbeaiges FW) 5 o5
IS W) 6)50)‘..\.:‘ Ia)f ) R G-XN l) JJLU; uuLm}
@& saSS Gl e by (T sladises
Sol> Aoz gl jo alolddl § W e olKigl;!
ax,0 YO slod 10 g oo j9abge Hhaie ol 51 SIS lae
ol 59 el FA 5l s ol (5,00 oKile;]
S » Lagel e 05 (650 slul aiges (TW)
5 09,0 el YF Goe @ @illos slacsh Jsbs o
039 akolidl g wisd S )18 ol 5 (Hle a0 VO sles o
ol o e 5 bl (S slhdiges (DW) Sz
Ml?u \ c)LoJ;} dJa.)‘) ‘_}»La‘ﬁajﬁ uiwd‘w
RV

FW —DW

Oy = —
RWC% TW — DW

Voo led alal, X 100

9@ eIl S 59

20 aeY » ol plulcas ol 6,505kl 6l
woax;0 VO sles ;o g gl o g w5 culep lals
5055 ol e g Wal e cele YF Goe
cunlosl 5 dwle Wi ¥ Sl 59 S0l 0l
RV

S p o gloo
63ll CCXS 3% 5| Jol> Comaz yo s Ciaw oy
30,8090k mwles olSws 31 jekate cpl gl 0l (6,5
MlS Sy o3 5, b Soslal 5 s ,S eslinul
Sozge 55 ¥ 0 (55) Cbo (nl 285 O)90 ablidrny
&l peailool oyl (Sl 9 (5 ,uSojlasl (lals o jo
VRS
5 SPSS 224 Ll sla,l53le 5 5l eesls 56T sl
(S e mibyly 4 s Seolansl Statistica 10
Loy S sla Sl Slaslio o hogs sloe,lo] aule
S38le 5 5l eolawl b aseidal a3 g (gladigs 4y o
emgYlale Jolgd acwlze sly g 28,5 plxil SPSS 22
51 S .ol solaxwl Statistica 10,133le 5 5l leeg,S oy
Sleolatul b lallas il ly 5o fyge3] cpmils g 4520
Siles dslio .28 el (Levene Test ol g0

ey

cenlooly g g pSoslul Jloms s95l5 b lalS of pan
W8 aAlol Ol byl 4 o )00 O jgods o 0305
1S 0) gaglyg il ol Skl 5 ai el cusb, 4,1
L bplals g9, alaldl (loy cpl ;o 098 z)15 oyl
Lyls slea o cele VY Gas 4y g 00l ool (ysbl
byl jlaie 4 lagl Cogh, b wiad (5 laeSS alxlS
S b Zaled 50 Nl G jes g lalS o )bgd 5 a5,
bl Cagb Gl (S S Gje 5l sl 0
Saae b ol slaglals w0505 aculxe 2l
S plojed g oad p 5 890 (S S 5 S5luns
Cugly e i Sy Ladd onds (SO lalS an adall
L hol slaglls ol a8 )57 5l o el cod)ls o
Wl Sl ey g odd p (S oSSl sl Jlade
¥ ol 9, e Ghalosl yo (85 ey 955 51 oy
039 3l S b g Wb e 059 At sl I plals
O w4 axgi L) el cud b als ey baplals
Cusb) & Cund Cusb) de)s (Tl g (sl
55 0 oS ez Al ye U el oo ooy (ol ool
2 ad gHlel Gy Hebas iumez g0 5o 0 ioles]
595 3 s 3 3 el (ol (3T (sl Al e
e WS e sladoe 5l lalE ¥ slass
a0 Yoow oyl cogb,y Sl 4l B 6o )5 oo
58 890 Slao S ey (nl 53 e (o)) cd b

IR WP 2% R I W B EARV 4

Sy Jadg 15 (slgixo
O e Jsb 5o ¢ Sas i Ghalesl e e 0l
Aoy 0 a4 bylals cugb, a5 olaley oAl ¥ o
FO el); cud,b oo Y- (.5+ FC) =y cus b
u;';..s“Loﬂ)os‘(zV FO) sy cud)ban,o Ve 5(ZY~
By o b IS ol U alo o S5 b ool Jlo
Hamamet al., ) @3,5 ,|,8 5,505l 5,50 (SPAD)
o1 518 Jedo IS (slgiome g Sojlail (sl (2005
Sy Sy ey Cend g ablarwg LS S,
Ol 2 5 dezge aie Ve )0 o ol Lol colazul

A 6l paslosh byl Kl g oo (6 5ol

(RWC) &y 0l (oo slgsixo
AT e 95 10 5 iulesl 90 0y (Y e
G ptiges aBlianwss el 5y oy 31 5l 5 ankad



WWAF 50l [pgm o lodd /okan 0,50 [ labos

S A5 g Jloy lpd Cod g oy (S5 s

gl o aly aen gly (SiS i oa 5 Sl )b
30 Jeols ol 59500 (Ve Jgaz) al Llo dae doyo SO
40 @lize Slas bl | bbades (Sl @ -Y S5
b7 Jgaz ;o oy S iy rmgVlale alols 5 ¥ oo
lacaY 5 sy VY a3 ol s ol sl 00
A ;03,0 VD (pgd dligd (0 o, VWV (gl aligs 1o
YY 5 ok adss 10 aoy0 4 Vadauly ol jends pou
Ll 28ly SUSPLitlly of ends ezt adiss 10 duo )
Jsl o) slacny o ols (las 55 bog 5 (2 iloe anlie
Blod 515 5Kk 51 5VL S O (o (slgizma sl
lop plwl S ()59 Blod 5l g Lawgie Judg 15 sl
do o Llod 5l pgd 09,5 vy uSilee (n 5YL Il
2l s IS oSl @ o 1) eSSk (VL o
PYL Jg 15 slgize slilo 5 po 09,5 uils Laog S
plasl Sas 059 Bl Sl g ey S ple 5 JS eSils
A5l eyl 09, (IS Sl 5l YL (s (2lea
Ll 5l U5 5eSle 9 50 S Jds S Gl
shls @loa plal a3 059 5 S Jdg k5 slyione
A5 5l ey 05,5 5 Loy S by S (S0l (2 y2eS
Bl 51l G2 Glls S 0l (oo lgime
039 B 5l IS eShe 4 So05 Jedg S (sl
@429 b og (eSle (S Sl (2lse plail Sas
blasal jsbinl Olgee doog S (5l anslio ls
Llod 51 0 Sls 0 VYU og Lo b pgo adigs aS o5
shlsas ojls J13 6 ,lez 09,5 Jolas aais jo o 4w 2
Slgzme § S Ol (o lgims )15 5l :Sileo o S
Sk 5l 5ol lee plail Sas (39 5 090 Jdg)lS
ks 1y S

(¥ Jsom) rersVlale alols gl b alo o oyl s
cillas wly (lis 09,5 g0 opl 1) alold o wis oS
(g Ylale Jolsd polie 4 daxgi b puzmen .l
Vada ,dlly oo ja a5 oy 5 pges sloog,S (e alold
saraslis 4 og Vb wusls 18 oyl o Susptrit,
o0 (g Sl Blio Llod 51 Wly 45 cpl 45 el oyl
el Comez 5l Dlgiee 5 W)ls w5l ol alols
ol b b by Lbole Sldlas ) gl (S
2,5 eolaiwl Slaw

£y

plsl wo)s S Jloiol mhaw )3 9 GSSls s 5l ey S
A 59 s Ko plgieds 09,5 0 a5 Do (28S
A58 LSS plyea 095 s slasl slaw 5 wdasd S
abols 5 3)ly gy Gk 5l sladsPaie ad wd S
pllaws Shp doe QB 5 C8)5 Ojgo (waldl
5 SEPS atis @b ap @l plely Jol>

orlisls 40325 9 (o gl gloo o]

by plesl jo samog ool polie ululy
@ by «Dlpnid o pd laiie i VXS Coner
Slyime 4y by e e (7165 5 2lse plil Sz (5
ol G Galesl 50 g 00 S sled 5 S O s
Slyize 5 @l plail Sas s Slio 58 Cone
i ol Cedb weys Ve Cush, o hdg S
S9 |y Olti cups e (nyeS g (n i
CCXS comex Linley] g0 2,0 sl olais!
by yo b dy Olydd oy Jlake (2 7%aS 5 (i
OV Jsoz) 09: Sy sloo 5 lsm plail Sz (459 4

glola> bl Sen ggejl bl jslatea,
50 a5 ol solaul (Leven test ;o) oyge5l 5l ¢ ciale;]
5 Og b Frept Slio den sl 5 Conex g 2
CCXS 3§ VXS Cirex g0 ,0 Slio S by
il g haore Lol Ol Sl clan 4 dS jo a5 ol lis
2oy So Jletal gl 58 Lasme x oSy iSen
as ols plas b ul (V5 ¥ slo Jgux) wiogs lo s
alllas 3,50 Dlao )3 o gine s Crge (St S
93 )8 9 Saxe 93 38 53 92 Slacaie o Sold 58
GRSany (09 losine e de2 g ad iles]
Sl STy bowsy & ol olis b x s
kol 093 5l laoe pd 4 Connd (Jgliie

labgs slva o
VXS Comoz o Jloy bulys j0 gladss 4520
2 G09S ol aS ol 8 ime 09 )5 iy po ) lacodsds
023l 503l 5 (Swigll pasis 1l 4528 s el
olalesl 50 pe asli Gl 8 Ojsn laeY (WShy



VYAE 5l [pgs 0 )l /oo 0450 /e Oladons oo 5 (gdezo

9 VadaXSUSptl’lw 56 )Q Gim} uou.; 9 JLa); ‘S)l.n.)" Ja;‘)w Cod axdllas O)}A Slao 6&.:.45; ‘SLQO)L@" JJOLAA -\ JS»

Cebad CapaxSusptrit
Table 1. Descriptive values of the studied traitdar normal and drought stress conditions in twoustions
VadaxSusptrit and Cebad CapaxSusptrit

VadaxSusptritcees> ,o Jly s ksl Siolos!
Normal experiment in population VadaxSusptrit

awls L Gl ol

Trait Mean Min Max = Standard o, (%)
Range deviation
(22,3) S 2l (o lyine 8761 6818 995 3133 567 6.47
Leaf relative water content (%)
J2a )5 Slyioee 36.81  23.3 466  23.3 4.44 12.06
Chlorophyll content
(P77 she) (slym pladl S (5 0.246 0045 0633 0588  0.101 41.06
Shoot dry weight (mg)
VadaxSusptriticees o Sis i35 il
Drought stress experiment in population VadaxSitsptr
(20,2) T2 ol o Syione 7328 50.55  89.42 38.87 1141 15.57
Leaf relative water content (%)
wehy st B LT gy 2 U2 390 938 495 257 447 1152
Chlorophyll in %20 FC of soil water
(P77 she) (slym pladl S 05 0.136 0050 0275 0225 043 31.62
Shoot dry weight (mg)
Cebad CapaxSuspttitees ;o Jbos sl Lol
Normal experiment experiment in population Cebagda@&usptrit
(20,2) T2 o o Slyione 87.03 791 9827 1917  4.04 4.6
Leaf relative water content (%)
J2a)l5 Slyioee 34.53 22 465 245 4.47 12.96
Chlorophyll content
(gl a2,9) 52 slos 3293 294 386 9.2 1.64 45
Leaf temperatureQ)
(P k) ol el S22 05 0273 0080 0590 0510  0.097 35.53
Shoot dry weight (mg)
Cebad CapaxSusptiitacs> ,o Sis i Sialejl
Drought stress experiment in population Cebad C&paptrit
(22,3) S 2l (oo lyine 7030 4727 8832 41.05  9.99 14.21
Leaf relative water content (%)
wehy St B LT Sk, 2 U2 364 9 414 19040  3.97 11.8
Chlorophyll in %20 FC of soil water
(gl 42,9 5 sloo 3483 316 398 820 1.58 4.54
Leaf temperatureQ)
(P77 she) (slym pladl S ()5 0159 0038 03 0262  0.056 35.22
Shoot dry weight (mg)

£ f
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Table 2. Combined analysis of variance for thadrstudied in population VadaxSusptrit

Mean squares  &le e 2k
Oy GL;A «50‘}1 ax,0 Srel ‘SMM lyoe Jedg 5" (slsime @“lg_m rnb.sl S )9
o Leaf relative water Chlorophyll .
Source of variations df content content Shoot dry weight
l i 22652.96* 431.84* 1.34*
Experiment (E)
i _“’9)_° A 2 60.53 38.56 0.046
Replication / R
N 111 169.79° 44.68° 0.011°
Genotype (G)
e x o) 111 119.63* 21.46* 0.005*
GxE
ioleyl s
RS 222 17.92 6.52 0.004
Error

™ Significant at 1% probability level.

VAR I PCEE S e

Cebad CapaxSusptises ;5 Slio o5 o (ibly 4528 @l ¥ Jyaz
Table 3. Results of compound ANOVA of traits in ptggion Cebad CapaxSusptrit

Mean squares  &le o Sl
. S ol o Glyime  do)lS Glgime Sy sles plail S (5
Ol s ol RNHECSS T e - ’
Source of variations df Leaf relative water  Chlorophyll Leaf o
content content temperature Shoot dry weight
Lo 26610.14° 95.01° 310.17° 1.103°
Experiment (E)
b 090 )5S 208.91 16.98 11.59 0.019
Replication / E
N 88 89.41* 45.41° 3.89° 0.013°
Genotype (G)
e X iy’ 88 75.66° 17.53° 3.30° 0.006°
GxE
alojl glas
RS 176 31.95 4.32 1.50 0.003
Error

™ . Significant at 1% probability level.
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Table 4. Means of clusters and means comparisonagithem for the studied traits in population
VadaxSusptrit under normal and drought stress tiongi

Jles G)L:-.‘] Lyl
Normal irrigation condition

.. .. .. .. L. Sl
i Jsl ade>  pgd aligx pa aligs plex adss ek ads> Jqu&d
. Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 ran
Trait Mean
Sr 2l o slpe 8929 0042 8193 8620 9038  87.61
Leaf relative water content
Je89,lS slyme 354 4022 3874 2955  36.64  36.81

Chlorophyll content

, 0.296 0.292 0.27¢ 0.174 0.15PF 0.246
Shoot dry weight
Drought stress condition
.. .. .. .. .. ks
e Joladgs pod aligs pgw alys ploz adss ekl JST;Z“
. Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Trait mean
S 2l e sl 79.77% 70.9%  80.07 57.28 65.22 73.28

Leaf relative water content
Chlorophyll in %50 FC of soil water
=y bbb ao 2 T usb, j0 S Jds)lS 35.40
Chlorophyll in %30 FC of soil water
Chlorophyll in %20 FC of soil water
Shoot dry weight

0.103

37.4%°  39.60 38.6& 42.74 39.04

33.07 38.24 37.5% 41.0F 37.65

34.50 39.14 41.72 42.9F 38.80

0.17? 0.126 0.19% 0.149 0.136

Al ey O ol v j0 (65l pre Solas jlan o j0 S i By sl sla Sl
Means followed by the same letters in each rownatesignificantly different at 5% probability level
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Table 5. Mohalanobis distances among the groupes étuster analysis of the VadaxSusptrit under aband
drought stress conditions

Jles G)L:-.‘] Lylys
Normal irrigation condition

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Cluster 1 0
Cluster 2 3.80 0
Cluster 3 6.55 7.53" 0
Cluster 4 11.83 2491 15.89" 0
Cluster 5 7.60" 8.61" 10.25" 10.16" 0
S i
Drought stress condition
Cluster 1 0
Cluster 2 8.9T" 0
Cluster 3 777 13.47" 0
Cluster 4 22.47 12.36" 15.74 0
Cluster 5 26.74 26.75" 8.44" 11.28° 0

™ Significant at 1% probability level.
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Table 6. Means of clusters and means comparisonagthem for the studied traits in population Cebad
CapaxSusptrit under normal and drought stress tiondi

JL")-S S )L.:-.‘] L’J‘;‘*’

Ciho Normal irrigation condition
Trait R I e B I N N
Cluster 1  Cluster 2 Cluster 3 Cluster4  Grand Mean
(22,3) S 2l (ol lyine 87.8% 91.34 88.1% 86.90 87.93
Leaf relative water content
Je5lS Slyions 36.3% 39.99 33.63 31.43 34.53
Chlorophyll content
(p5shee) (g2 pll S22 09 0237  0.36% 0.202 0.34F 0.273
Shoot dry weight (mg)
S L
(gl 42,9) Sz gl oo 31.80 33.7% 34.4F 32.93 32.93
Leaf temperatureQ)
R
Ciho Drought stress condition
Trait Jol adig> pgd alig> Py Abg> el ads> J5 oSilee
Cluster 1  Cluster 2 Cluster 3 Cluster 4  Grand Mean
(222) 5 2l (el Slyions 7316 72.6F 66.63¢ 68.90" 70.30
Leaf relative water content
1y Sl 30,3 00 Sushy 3 S JB S 5 o 39.18 32.97 29.60 34.12
Chlorophyll in %50 FC of soil water
by et e 2 T Cush) 0 S B0 339 g74p 31.84 30,08 33.23
Chlorophyll in %30 FC of soil water
by et o2 Ve Cushy 0 S A5 )5 3g38 31.85 30.08 33.64
Chlorophyll in %20 FC of soil water
(PS5 skee) (oo el S22 09 0130  0.164 0.208 0.130 0.159
Shoot dry weight (mg)
goaands S L
(gl 429) 2 gl slo> 34.58°  35.1F 34.07¢ 35.87 34.83
Leaf temperatureQ)

Al ey O ol v jo (65ls pre Solas jlan o j0 S i By sl sla Sl
Means followed by the same letters in each rownatesignificantly different at 5% probability level
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Table 7. Mohalanobis distances among the groupes ¢tuster analysis of the Cebad CapaxSusptritrunde
normal and drought stress conditions

Jb 6)11%1 Jﬁ-“)‘“’
Normal irrigation condition

Cluster 1 Cluster 2 Cluster 3 Cluster 4
Cluster 1 0
Cluster 2 14.97 0
Cluster 3 9.33" 14.02 0
Cluster 4 8.57" 11.5" 9.85" 0

S i
Drought stress condition

Cluster 1 Cluster 2 Cluster 3 Cluster 4
Cluster 1 0
Cluster 2 7.20" 0
Cluster 3 8.27" 20.27" 0
Cluster 4 13.48" 37.58" 11.30 0

™ . Significant at 1% probability level.
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Table 8. Evaluating the success rate of clusteysisafor grouping VadaxSusptrit population usingcdmnant
function analysis under normal and drought stresslitions

Jles G)L:-.‘" Lyl
Normal irrigation condition

waets @l ayios 5l ol (gateg S

Gladg> 4355 5l Jol> (gasseg,5 Grouping of discrimnant function analysis
Grouping of cluster analysis 1 2 3 4 5 Total
1 26 2 0 0 2 30
2 1 18 0 0 0 19
{2yt Sl 3 0 2 24 1 1 28
Number of genotypes
4 0 0 0 10 0 10
5 1 2 0 2 20 25
1 86.7 6.7 0 0 6.7 100
2 5.3 94.7 0 0 0 100
Sudgo do)d 3 0 7.1 85.7 3.6 3.6 100
Success rate (%)
4 0 0 0 100 0 100
5 4 8 0 8 80 100
Mean of success (%)
S 5 Ll
Drought stress condition
labss sy ) Lol (siizes, oS @b a5l Lol (gaes S
G R e ”5_ Grouping of discrimnant function analysis
Grouping of cluster analysis 1 5 3 2 5 Total
1 25 0 0 2 0 27
2 0 11 0 0 0 11
By S 3 1 1 32 1 1 36
Number of genotypes
4 0 0 0 11 0 11
5 0 0 2 0 25 27
1 92.26 0 0 7.4 0 100
2 0 100 0 0 0 100
Cudbye So) 3 2.9 2.9 88.9 2.9 2.9 100
Success rate (%)
4 0 0 0 100 0 100
5 0 0 7.4 0 92.6 100

Mean of success (%)

Ty
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Table 9. Evaluating the success rate of clusteysisafor grouping Cebad CapaxSusptrit populatisimgl
discrimnant function analysis under normal and dhistress conditions

Jles G)L:-.‘" Lyl
Normal irrigation condition

Sladg> 4520 5l Jol> gaieg S

s 1ol 4o 5l el saeg,S

Grouping of discrimnant function analysis

Grouping of cluster analysis

2 3 4 Total
1 30 0 1 1 32
lcuigs olows 2 8 0 0 8
Number of genotypes 3 0 20 0 20
4 0 0 26 27
1 93.8 0 3.1 3.1 100
CON-L TSRV 2 100 0 0 100
Success rate (%) 3 0 100 0 100
4 3.7 0 0 96.3 100
(30,3 Curdibga lien Layia 975
Mean of success (%)
S 5 Lyl

Drought stress condition

ladg> 4525 ) Jol> ueg S

Seid 1ol a5l ol saeg S

Grouping of discrimnant function analysis

Grouping of cluster analysis

2 3 4 Total
1 24 1 0 1 26
Lo wdgil olowes 2 19 0 0 19
Number of genotypes 3 0 0 23 1 24
4 1 0 2 17 20
1 92.3 3.8 0 3.8 100
Coibge Qo) 2 0 100 0 0 100
Success rate (%) 3 0 95.8 4.2 100
4 0 10 85 100
(30,9) Ludibge ol Lansgle 93.3

Mean of success (%)
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Table 10. Test of Wilk's lambda for grouping linegpopulation VadaxSusptrit under normal and draosgfess
conditions

Jles G)L:-.‘] Lylys
Normal irrigation condition

i wb leY oShig oL oSl S 6l ax o o g Jloxs! o
Discriminant function Wilks lambda statistics  Chi-square df Significance level

1 0.095 251.326 12 0.0001

2 0.262 143.414 6 0.0001

3 0.556 62.741 2 0.001

S i Ll
Drought stress coruiti

1 0.096 249.86 15 0.0001

2 0.455 83.839 8 0.0001

3 0.913 9.666 3 0.002

i w5 g Jbey blys o Cebad CapaxSusptiitaes ,o lop¥ (gaios,5 (ow)ym Ci> loeY uShg (g0l -V) Jga
Table 11. Test of Wilk's lambda for grouping linegpopulation Cebad CapaxSusptrit under normal and
drought stress conditions

Jby 6)11%] Jﬁ-“)‘“’
Normal irrigation condition

oS &b JoweY uShsg o ,Lel Sl 8 ©oly] az o S gre Jiz! mlaws
Discriminant function ~ Wilks lambda statistics Chi-square df Significance level

1 0.091 196.334 12 0.0001

2 0.237 117.912 6 0.0001

3 0.547 49.54 2 0.0001

S s bylys
Drought stress condition

1 0.073 217.064 18 0.0001

2 0.410 74.051 10 0.0001

3 0.893 9.362 4 0.003
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Table 12. Canonical discrimnant functions, eigeluesand the variance explained by each function in
VadaxSusptrit population under normal and drougkss conditions

Jles G)L:-.‘" Lyl
Normal irrigation condition

e Jsl &b pes &b po &b
Trait Function 1 Function 2 Function 3
Sl el Sl 0.470 0.982 0.238
Leaf relative water content
J2a )5 sl 0.691 0.238 -0.692
Chlorophyll content
[IPSPRCIE SE
B e 039 0.699 -0.095 0.718
Shoot dry weight
I olly 2oy 475 30.7 21.8
Total variance (%)
o s 20 475 78.2 100
Cumulative variance (%)
S olde 1.74 1.13 0.80
Eigen value
S Sl
Drought stress condition
o Jol &b pso &b o &b plx &b
Trait Function1  Function 2 Function 3 Function 4
= V'_ (e Sl -0.285 0.618 0.616 0.483
Leaf relative water content
=y adyb o ps 0 Cushy )3 Sy Ldg IS (slgie 0.559 0.316 0.606 -0.485
Chlorophyll content in %50 FC of soil water
=5 Cadyb o Ye cugh; 10 Sy Juds IS (gl 0.469 0.364 -0.438 0.107
Chlorophyll content in %30 FC of soil water
=y Cadyb oy Ve cugh; 10 Sy Juds IS (gl 0.421 0.059 -0.133 0.764
Chlorophyll content in %20 FC of soil water
(p 5 (shee) (lp2 ol S22 09 0.108 0.662 0.566 0.349
Shoot dry weight
B lly 20y 66.5 26.9 5.1 15
Total variance (%)
. . ‘
o olly o) 66.5 93.4 98.5 100
Cumulative variance (%)
- RV
079yl 3.823 1.545 0.296 0.084
Eigen value
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Table 13. Canonical discrimnant functions, eigelnesand the variance explained by each functid®eibad
CapaxSusptrit population under normal and drougbss conditions

Jles G)L:-.‘] Lyl
Normal irrigation condition

Olao Jol &b pyd &b o &
Traits Function 1 Function 2 Function 3
S 2l o slpe 0.234 -0.034 0.603

Leaf relative water content

Je39 5 slgrme -0.419 0.265 0.813
Chlorophyll content

, 0.785 -0.652 0.322
Shoot dry weight
s L
= r gl sled 0.649 0.745 0.090
Leaf temperature
oy 2o 42.9 34.9 22.2
Total variance (%)
e olly wa) 42.9 78.8 100
Cumulative variance (%)
oy slade 1.60 1.30 0.83
Eigen value
S S s
Drought stress condition
olis Jsl &b peo &b Py &
Traits Function 1 Function 2 Function 3
Sr 2l o slpe 0.242 -0.124 -0.148
Leaf relative water content
Chlorophyll content in %50 FC of soil water
Chlorophyll content in %30 FC of soil water
Chlorophyll content in %20 FC of soil water
sl ©59 0.004 0.913 0.370
Shoot dry weight
<7 gl sl -0.304 0528 0.811
Leaf temperature
B obsly oo 78 20 2
Total variance (%)
o bl 2o 78 90 100
Cumulative variance (%)
oty ke 4.602 1.180 0.119
Eigen value
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Figure 3. Grouping the lines of VadaxSusptrit pafioh according to the first and second discriminan
functions under noraml irrigation (a) and droughe¢ss conditions (b).
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Figure 4. Grouping the lines of Cebad CapaxSugptpulation according to the first and second disicrant
functions under noraml irrigation (a) and drougiss conditions (b).
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Abstract

To assess the genetic diversity of recombinantethtiines of barleyHordeum vulgare L.) under
two non-stress and drought stress conditions idlsgestage, two populations,VadaxSusptrit (VxS)
with 112 RILs and Cebada CapaxSusptrit (CCxS) 8%RILs, were studied in completely randomized
design with two replication in greenhouse. Thet¢ratudied were four physiological traits including
leaf relative water content, leaf chlorophyll cartteshoot dry weight and leaf temprature. Undeught
stress conditions, leaf chlorophyll content als@suged in three soil water conditions (%50, %30 and
%20 field capasity). According to cluster analysi®oth populations, VxS and CCxS, the genotypes
were grouped in five and four clusters under noravad drought stress conditions, respectively.
Discrimnant function analysis powerfully confirm#te results of cluster analysis in two populations
under both experimental conditions. In the popataW xS, the first and second discriminant functions
with eigen values significant and more than onéfjad %78.2 and %93.4 of the total variance under
normal and drought stress conditions, respectivielythe population CCxS, the first and second
functions with eigen values more than one alsdfjedt%78.8 and %90 of the total variations under
non-stress and drought stress conditions, resgégtikdditionally, grouping the studied lines intho
populations under two conditions was investigated eonfirmed by the Mahalanobis distance. The
results of this study showed that discrimnant fiomcainalysis is a very usfull multivariate statsti
method for evaluating and confirming the groupihbarley genotypes under normal and drought stress
conditions. The results of current research alswsl that there is a high and considerable variatio
both populations under both conditions, so thatsdhgopulations can be utilized for mapping
guantitative trait loci related to drought tolerano barley using molecular markers.

Keywords: Cluster analysis, Discrimnant analysis, Mahalandistance, Physiological traits
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