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Table 1. Analysis of variance of total chlorophyll content, chlorophyll a, b, carotenoid, electrolyte leakage, proline and

fructan in 20 bread wheat genotypes under chiling stress.
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*and **: significant at the 5% and 1% probability levels, respectively; ns: Non-significant
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Table 2. Analysis of variance of total chlorophyll content, chlorophyll a, b, carotenoid, electrolyte leakage, proline and

fructan in control condition(8) and sever stress (-2 °C) in 20 bread wheat cultivars under chiling stress
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#and **: significant at the 5% and 1% probability levels, respectively; ns: Non-significant.
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Fig. 1. The cluster analysis of 20 bread wheat cultivars in conditions control (right) and -2 °c (left).

J89 15 wlas Slai 5l pgs 5 Jol (slaog S (e ot cnaliw
Soldgre gl 95955 5 5 g5 b Judg ks @
9o ol IS Jg,lS slisial 4y Slao cnl )3 59,00 0924
P93 05,5 ;045 (o8l 515 (55 0 poms 09,5 A L 09,5
99 4 S (Sl 2SI gl (6t dojo w518
SrSojlail 0y90 Claw plod 4y axgi L aiils Koo 0,8

& it Ceagliia Jgl 05,5 6| sy oo a5 4y 3o (il 5o

el glrog S (Sl dunlie 5 uil)ly 42

3 aels gled o oy, S o aS olo lis gladgs 4y
5 9555, (JS eds,lS D Jd5)l5 @ L )l5 las L
O 9y sldgme DS Sy iU gl a0
Jgaz 58 ey, 8 (n:Silos aunlia I Jool> ol (Y Jga2)
aals glos o @l cpl ol 5 el oals eols las ¥

Sl sire Dglds gy 9 (LSg,8 Slao (gl 09,5 (o



WAV Jle MYl e ely5 pole jo e sl yiis

\Y#

el ] jlaio Gal30 L g €0y 5 0ES'9,8 < e IS
2yl 529 Slalgal
ol el ogandos azy0 Y b L SLSU
Sy a5 Wb G5 e lulpd 4 S ageie Sglite
@iles goba g axlllan 3,50 o)1 (o Jliie 510925 Sk
5 anlllae 500 lE,l o sine blite il Sg3g e
ilisen o6 ) 45 WS o aseiie sled L5 Cilis pabas
led L5 o glyl 4 sl ablie glapanlSe
SlydS W9y G 9 40295 BpacilSo (] 0929 457 35l
balys o F Joor @b ojluon foduzmy |, Glidee Do
B ped 5 Jol slaeg S p0 oS alacals) wead S
Slio @lp it e Glls (ke jebay a8 S
355 OB 98 5 elan syl D b S @ Jdg ks
09,5 ) (Sl gl ey Cde slp s keS Hlade
O S Galple Wl 503 09,5 99 4 S ol
G 1) Syl (g 55 Az 50 9wl ge pglie Loy
2 485,18 Glacisy 5l (Fr ol Jeste wyal
Sl R (B o)l ol i shls pgs 9 Jsl slees S
Shdels piloz 5 pom 095 idlige i) oy os
3 ogeebes =V los o 5 il o gladigs 4y e
P r SRl iy o0 S5 4 Sl g0 g ol 09,5
Wlivey 0B ool Sl)ls Loog S cnl jo 48518 L)
Wlinej pB)l G )3 &5 Sl (S (nlply il
Sloyw iid b ablie jo a5 aidl alils 0925 oldcadsd)
Dol & 1S Joo Saans b bl pB)) 5l ol
polie pB)l Lol (sl (g)lne Wlgi ol (g0 ud 500
slooysd S92y w3l o)y Slopw 25 4 e by
@ ol Caglie 590 slp (b Job 5o @dle (lopw
B ol Jad jo Oyl a0 ol 38l el (659 50 Lo s
2lr o Suglie falS Sl ugands a0 Vel A
4250 (e 50 Ibazme olS 51,503 (9w il 09 o0 Lo p
Alr e Caglie Ul wp S 13 Gub Glao)l>
Al 5o Lo Gl bsgzrg (nl biabos 5L 1, (S5
A3 oo Cawd iy 895 ailinsy Canglan oL (liney Joad
Lo a5 5,50 ,o 4 ,o (Gusta and Fowler, 1976)
SOk jlo ol (LS wus cdl ol 4l
2 Slp o g Dl lyls aST oleeg I 5l gl o
ladalp 3 Ol oo widlioo oy S plo & S Slio
A 3590 Dlho 4 Cund 39290 o)) Pl Cg (S

az,0 -V s byl jo osal alils ol sloyw 4
Jed9,l D Jdg )5 @ Jodo IS Slao JLai 5l 55 ugndes
579 Sl B (LS8 5 Gulsn wSes )l @b
w3l Jeol loog S (Sl aunlie (Y Jgoz) o)l
Sl ed Slae Gelul p (U pasS slacis ladss
el 0ol ools Gl B Jgas o wad s bl il o
Slas don Ll L pgd g J}‘ 6[.@05; Jﬁ"\’ Q”‘ u.ul...u‘
39 Jsl 09 S )ls 03 09,5 99 4 S e il
aS 0,10 g3 09,5 Ay Comnd (S SSU gl (6 5eS wo o
09,5 ol o w88 pB)) (og Sexie sdiaslas
alayly o Slads 5l ol gl cusl pgd 05,5 a4 s
Sglite Loy (25 & pasS B (So5dn 1 sla auSTy L
el iolejl gliste Loyl o e a0 5 (6099 b g gliie
Orke a4 Sl Syl S b gl o lajls
AV ples mhe S g0 cuigy S aSST e ple Koo
Ol |y 63y oz (o) Fomly (oles mhaw ;o Zul
BN E e G.i,.;.l.cﬂ Lll o ogly Jo,e 4 e
Pl IS o 0 1) (Sdslsnsed lagasls ol sw) o
3y dged plulid siesgw Al slaiiSly lyie @
L5k o Shs b eB)) adsi 5 goliia ol bag)]
Pessarkli, ) S jus 5,5 ooliiwl bojuw (i Laylyl
Lo 9 ]M}d P‘ﬁé S Cowl oo)f QLJ 6‘4:.”.&.@ ) (2014
slasls des 5l i bl cos Sp Jdg kS
sl Jolone dlya gaced ol 5 4 gl S50
b b sl a5 b LS, 3 (55,8 Jslone
Sy o0 plosl ol sles 5 (S wiile Jame glo s
wodlew S50 Jelse 51 S Lo .Joshi et al., 2007)
3 deds e 4y sl Joku slig 6 pdyBllasl 5 gl
03, b Loy il S adgl K> lgie 4y slas
Jislo jo Sl @68 50 ¢ el (Soji Juws Ll o
Sbsn oS S > g S)led Gop e slis
Sy 0 5 4y IS )5k & (Mhajan and Tuteja, 2005)
il Jie las (S jlaae (alS» o)lse 51 Syplas



Yy o Suely e Slao B ) 06 a8 slaeis) (S 295 ol 10 ot 5 s

polae 5 alold (1057590 )3 55b (rrem lo GG
=Y Gles jo 5 wg g MVIT 651 vals sles o a5 o
CIAY 5 +10)) (595lS 5 pliliny pB)l gmades 4y
arsi b dien gu)p 9550 Slaw Bl 5lalB)l 0 5SS
Slod 53 gy 59 Cm Sy alols Sl nils
Ol o W plxl b oogy o0 Ul wpals 1S g cals
Olsiss ol @l 5l g o bl e yiSTao lacassiy

gas a8l o5, 2ol (gl ol 4l olge lsic 4

55 0ol ol (B ) ol o5 isls ol o 511y (S
ol @ o pB )| Dol Cgzr (arbin oo 05,5
Syg] Caws as Ao 90 Silho
S S Bl 555 5590 (e 8l
ol oyl g 0)ly by 4 Sy abold sl )
r:lim.u 6L€bw9.') FLERW ra}l.im 9 ..bo; oalawl ‘Swd...lﬁ‘
—Y LSLQQ )0 Jusm 9 ;).)9.” r:LB)‘ 9 ML.\: LSLQO )é J)LB‘ 9
| PIVD o FOIFY) (St abold s iy agrmnds 43

wall bulph )0 Sjgdgid Clie wlul 2 ol paS o) Ve labys a3 5l Jolo glaog,S nle dmglio Y Jgu

05l (lo o i S (i (ol 55 9 ,50)
Table 3. The cluster analysis groups comperative analysis based on physiological traits in 20 bread wheat cultivars
under chiling stress (control condition)
Traits Slao . o9l w0
a J..s,,.lf b . . ALY LS 08 .
Chioronnvil Judg,ls IS Judgsls gy obSa2  odan g syl
. or;Jp y Chlorophyll' b Total Chlorophyll Carotenoids Feructan Proline glectrolyte
Groups oy 5 Leakage
First Group
< 14.24a 8.57a 17.52b 13.09a 0.88a 28.5a 19b
Jglegs
Second Group
< 14.98a 8.8a 16.73b 12.29a 0.82a 29.9a 53.8a
P90 095
Third Group
< 12.29b 6.34b 21.56a 12.57b 0.91a 28.9a 20.3b
Pg 0955

25,105 (5 Lol o ire ST po b st jo 50 ailine By, gl slan Siliew
*In each column of treatment group, means followed by the same letters are not significantly different

Wl Gl 50 Segle il Olhe bl g U pusS @) Ve labigs a3 5l ol ooy S (il dmslio F Jgu

(i ol 0 559 y50)

Table 4. The cluster analysis groups comperative analysis based on physiological traits in 20 bread wheat cultivars

under chiling stress (-2 °C)

Traits Olao o Ls b L . sl oy
a5 A B s o oy sl
Chlorophyll  Chlorophyll Total C . . i
) b Chloroohvll arotenoids  Fructan  Proline  Ejectrolyte
oy ,5 a phy
Groups 9 Leakage
First Group
- 8.3b 13.7a 19b 10.7ab la 21.6b 7.5
Jsles s
Second Group
- 11.9a 10.7ab 22.3a 11.7ab 0.98a  26.5a 12.7b
£95 09
Third Group
< 6.8c 10.8ab 17.3c 9.4b 0.8b 15.7c 9.6bc
Py 095
Fourth Group
< 9.8ab 7.5b 21.1ab 12.25a 0.73b 22.4b 14a
Pk 095

KR Lg)LcT S goe BB o b gm0 )0 alive By y> sl sla Sl
*In each column of treatment group, means followed by the same letters are not significantly different
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Fig. 2. Biplot of 20 bread wheat cultivars f or all measured physiological traits in conditions control (right) and -2 °c

(left)
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Table 5. Eigenvectors, eigenvalues, relative and cumulative variance for principal component analysis in control
condition(8) and sever stress (-2 °C) in 20 bread wheat cultivars under chiling stress

(-2°C) gmmdw a0 -¥

(Control) wals

Jol 4dlge pgd adlge pow adlgo Jol 4dlge p9d adlge pow adlgo
First Second Third First Second Third
Variables 2 o Component  Component Component Component Component Component
Chlorophyll a a Judg,ls 0.42 -0.46 -0.02 -0.223 0.08 0.44
Chlorophyll b b Judq ls -0.50 -0.23 0.10 0.09 -0.13 0.46
Fddls 509 0.64 0.06 0.05 0.06 0.53
Total Chlorophyll
Carotenoids dudgid )8 0.53 -0.15 0.09 -0.2 -0.08 0.49
Proline RN -0.37 -0.37 0.18 -0.32 -0.7 -0.32
F Ructan obSg,d 0.13 -0.28 -0.8 -0.09 0.52 -0.74
SRl 99 -0.28 0.56 0.22 0.4 0.4
Electrolyte Leakage
e R XV 1.86 11 3.4 11 1
Characteristic Root
el gy 0.27 0.16 0.49 0.16 0.14
Relative Variance
B odly g4 0.47 0.84 0.49 0.64 0.79

Cumulative Variance
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Table 6. Eigenvalues, relative and cumulative variance for principal component analysis in control condition(8) and
sever stress (-2 °C) in 20 bread wheat cultivars under chiling stress

(-2°C) ol )5 il az yo =¥

(Control) wals

ailjo o329 polio o uiliyly oxeaxd il g o329 olis o il yly ot il g
Component  Eigenvalues Relative Cumulative Eigenvalues Relative Cumulative
P g Variance Variance g Variance Variance
1 6.1 67.2 67.2 2.6 47.6 47.6
2 1.4 15.9 1.7 30.7 78.3
3 1 11 94.11 1 18.2 96.6
3

Dim-1 ' 199

Dim-1 344
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Fig. 2. Three-dimensional graph obtained from principal coordinate analysis for 20 bread wheat cultivars f or all
measured physiological traits in conditions control (right) and -2 °c (left)
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