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ABSTRACT

Introduction: Wheat has more distribution range than any crop globally due to its wide adaptation to different climatic conditions. The
occurrence of environmental stresses during the wheat growth period significantly reduces its yield in most cultivated areas. Among different
stresses, cold stress is one of the environmental factors limiting wheat cultivation in cold and mountainous areas. Cold stress causes changes in
physiological and biochemical traits in plants. This research was conducted to evaluate some physiological and biochemical traits related to cold
tolerance in different wheat genotypes in the semi-cold winter region.

Materials and methods: This study was conducted at research farm and laboratory crop physiology, Department of Plant Production and
Genetics, Razi University, Kermanshah, Iran, during the 2013-2014 cropping cycles. The farm experiment was a Randomized Complete Block
Design (RCBD) with three replications. The sowing date was mid-November. The purpose of field cultivation was to induce the normal induction
of cold acclimation in different wheat cultivars under natural field conditions. In this research 12 bread wheat cultivars such as Norstar, Zarin,
Kavir, Baz, Sivand, Alvand, Pishgam, Pishtaz, Orum, Shahryar, Bahar, and Parsi were evaluated. These cultivars were purposefully selected from
different wheat growth types of spring, autumn, and qualitative cultivars. Then, at different stages of cold acclimation, the crowns of the studied
cultivars were transferred to the laboratory. To evaluate physiological traits were studied under different temperatures in a thermogradient freezer.
To this end, a Factorial experiment based on a Completely Randomized Design (CRD) with three replications was used. In this experiment, the
first factor was 12 above-mentioned wheat cultivars, and the second treatment was five temperature treatments (+3, -3, -6, -9, and -12 °C).
Results: The results showed that winter and facultative cultivars had more crown soluble proteins, membrane stability and antioxidant enzymes
activity (peroxidase, superoxide dismutase and catalase) than spring cultivars. The LT50 average was -6.5 °C. In the meantime, LT50 in winter
and facultative wheat cultivars was -8.5 °C, and in spring cultivars were -4.7 °C. The soluble proteins and catalase activity had the highest
positive and significant correlation with cold tolerance.

Conclusion: In general, physiological and biochemical characteristics in winter and facultative cultivars (Norstar, Zarin, Orum, and Alvand)
were more associated with cold tolerance than the others. In this research, Norstar cultivar with LT50= -14 °C and Orum with LT50= -11.5 °C
were identified as resistant cultivars to cold stress.

Keywords: Crown, LT50, Membrane stability, Osmotic potential, Soluble proteins.

Article Type: Research Article

Avrticle history: Received: 28/08/2021, Revised: 07/01/2022, Accepted: 17/01/2022, Published online: 26/03/2022

Cite this article: Rezaei, N., Saeidi, M., Shahryar, S., Jalali-Honarmand, S. & Ghobadi, M, E. (2022). Some biochemical traits related to cold
tolerance in different bread wheat cultivars with different growth types in Kermanshah region. Cereal
Biotechnology and Biochemistry. 1 (1). 66-86. DOI: 10.22126/cbb.2022.1953

@ ® @ © The Author(s). Publisher: Razi University

e d") 10.22126/cbb.2022.1953



mailto:msaeidi@razi.ac.ir
mailto:msaeidi@razi.ac.ir
https://dx.doi.org/10.22126/cbb.2022.1953
https://dx.doi.org/10.22126/cbb.2022.1953

9 9 (5590 95T gy J

o:o
=
NG
. A
S s O oo § (539 gu

Homepage: https://cbb.razi.ac.ir

sy Gilizke g b oyl puif caliiseo o651 33 Loy Jos b b po g3 bromiigms 5liio ouny o

.. pORrtaiint

OLMLO)S aslkio )

2 5oLd JLdloazo 5 Fusn yid SN st 7 il 5 e E9T Gunran e 9Ly (5SS

Ol oliile S sl olSils s onrlo wlio 5 (65,5lAS a0 1 ALS S5 5 Al (g 09T

MSaeidi@razi.aC.ir wasbly, .ol olisle S ecs; olSiiils  samsls qlio 5 (83,5 Lmad s ootlS S5 5 Algi cosnkigs 09,5 0T

Ol ol S e(55,5L8S g5 5 Ghisel e Dlindzs Glojls wolitile,S (il snarbs qulio 5 (55,588 SBisel 5 Dlasis 3 50 (£l 5 (o8 pole Sligios ise T
Ol olaile S esly oSl t orale i 5 555LS (i 4 ALS S5 5 WIS pige 09,5

Ol oliile S (531, o8y xeal wlin 5 (55 )5LAS mad «BALS S5 5 Al (g 095 °

ouus

Jsb 55 (e sl 985 wilie (515 LS 2 a4 S 5 (ST ganels Gl osSUsT (alsp 5 o Lulid b oo S Gllad s 4 paiS i
GoarSogazme e Jalge 3l Loy (it e sla i glsil ples po Wisdoo ]SS 5550 Bblie 25T 0 ol 5 Slas o sine (EalS cas pS 0 0)50
Baa b Gdss ol calpli 008 o0 2ly) BlalS Soideid 5 oliendisn SALTE j0 noi Corge Lopm (A5 el (SleansS 5 sy Bblie 50 pasS CaiS

i plonil oy sy b 3blis )0 (6 posS ilides Bl )3 Lopes Jooti b o po (oloowdion 9 Sjelgn jud Slio (B 0 (o) 2
s pe Geios 0 Lzl oliile S (51, olStils (alS S5 5 sl (iges 09,5 (8 QLS S35k b oltalol 5 (Shpo%y s 50 ) Gehodd cal i ABOR )
Lylys jo ol 65 b sl lac e i bl 5l Baw ol plawl ole (LI Ll o cutS Log plonil JIST 4w jo 5 (Bolas JolS slaSel )b &jg0 4
@ bapd) Gl ol o)y o)l 9 5l LD oyl iy @Ry gl g Gl g8 5 leyg el (U pasS (3, WY (o cnl 53 0g a0 he (b
M 2glosl 4y (s 3)90 slaed) b oy &y (6553 e Ty 53 G 0D LR (o)le 5 iz i) (s e sl 5l wiedan )50

Jlee!l coals slyls 1508 0 1S5 aw jo goLa::)LaLTC)Jo B 0 5 o556 GialesT &g s Loyus Joows b Jas o S0 59dg0 58 Sl dalllas jglate 4 g oo Jiie
(OF sl az 0 -\Y 5 =0 f Y 1) oles lojles Jolis pgs 15551 g U paiS 1950 o8, VY Jolis Jgl j5uS18 i3 )57 )18 Giliee sbolos cow glos ool
g

b a1l slape sl cdlad (lie 5 sLid syl wdsh Jsle slasetisy slsme S ) iy 5 alins pB)) a5 ol (i raghy ool @l sbaaidly
O ol 50 e ol S il a0 —FIO Ll (LTS0) ao o B+ oaisS slos Laslis lawgio 250g 5, o)l pB,) & Cs GYBE 55U g0mnd ST yom jlansTy)
a5 wivg Slao aexl adsh VB o5l colled ceyus g Jolme lopntin olime o oS il azy0 —FIY o)lgs plB)l 5 -AID by 5 ailius; 18] LT50
Al Loyow s Joows b 1) (Sacod 0y i

92 5 oy Jooi b Lo sa aloonlisnr 9 il sed Sl i 5l pB )l b ap Cd (Wigll 5 ool et s b9 Cmilins 9 allis; o8] S ok 4 16 S A
Wad asld ol glales 25 a4y B o Seslie lere 4 o8 clo az 0 -VV0 g VF L ol LTE0 L s 5y gl 5\l s pl8 )1 e imgs ol o

Adgb oo B0 oasiS sles (Jaloee glayutis o joml Jomily cslis (gl 1 gadS sWojlg

gy lis o g5

VEV V8 e SUT LI F -V YV 2Ghyp e VE- VeV slol VEe /o108 1l yo allio £ g5

DOL: AS-55 (1) ) M arbisn 5 (555)5S5 g oliole S allate 1o 4 ciliko (gl b b pasS
10.22126/cbb.2022.1953

@ ®H S iy © &5y oKty 1,6

BY NC



mailto:msaeidi@razi.ac.ir
mailto:msaeidi@razi.ac.ir
https://dx.doi.org/10.22126/cbb.2022.1953

£

by 25 Cod LS olerdin Sluss (o yiete
OS] Jlad slaaisS (Sibi & Chegeni, 2014) el
)O 9 asls W );‘ J}Ly) 6‘1.» 9 ooy ;J"‘S‘B )L......u
‘o;.\.Z.LSCA.E:élDLA LSLQ)lSﬁ)Lu k_?)" 05?3 ‘AJ.C Qj}.a
slid gload 4 Ols o oz jebay wily
Ouellet, 2007; ) wsis SalS'y sloanl 5 o yutisy
2 Sslite sl 555l (Hasanuzzaman et al., 2020
JW sladiss plp o Jeod o Vb Cuzr pllS
sloply <l o Sl am Aol a5 o)ls 842y (5]
ol (Knight & Knight, 2001) wgs 0 Jled ias
wilbioe it 5 il Soge 90w ba)lSsile
Alscher et al., 2002; Heidarvand & Maali )
Bl il slaglanst s (Amiri, 2010
5 Gy bagsss 5 das3eSe) Sl olSy
s Jb o .(Hasanuzzaman et al., 2020)
ST LS50, ebialS lacnSTy Ol yeSul GYBIS
Habibi et al., 2017; Mittler, 2002; ) sl o . s

slad s (Nedjadsadeghi et al., 2014

Pl o Jsloe slacnSon 5 anel slasel (Joloxe

! Reactive oxygen species (ROS)

AF=FE D) VF) M cordiam 5 $5leSigm /o) Ken 5 Lo,

doddo

shale s (Triticum aestivum L) o6 puss
S by (2l ok nfeee g @l 8 Bl
Sl e 05 poye | carie iy 136 oS s
Lyls boeo, s ks JJo 4 pusS (Igrejas, 2020)
Shobe STy auds sl (o SUS 2lse 5 O
oz 5l (ares slais wdloe (s8l)) ol po 40 Cons
Fro ol o Slee Jomily 4 s, pac o Lo s
(Hassan et al., 2021) aus

a8 el (Sholge (n mee ) oS 5o Loy 4y Cenglie
& Conglie 093 o0 Sy Bblio liasy ;5 ol Gl cars
Slwl Gl g ol prie Slop g O Lyl i & ats Loy
YL @Ml (ploy (sloo,55 3529 oy 4y ol Caeglite
2 Sl (5590 ol 0l glaml yo (ol Stile 4z o a0
5 o sl LS o Loy 4 6 uSsF snay I
5 Jose (Jokw (eI calordon e Dl
Jolre oty n daaid mhe Al aile Sl
2508 b IS i ysld s cplannST T sl 3T
slis o] SLS 5 Sl (g n Wiz lap b3l
Hassan et al., 2021; ) o .5 oo &jg0 olS j0 08 g
0 6593 anld pl as o (Majdi et al., 2009
[ ol g Lo dasl s a5 090 d2lgz ;018 oLS (Lo jus

b claaiss oy (Azizi et al., 2007) w8 Joss



Wlis) 5o, itz slaes 5l b puiS alise ol
gy oliile,S ddlate )5 (Gl 9 o)k
b9 9 0lge

09,5 loellislojl o (otmghy asy50 5o pol> 3o
Jlo bl oRails alS S g g qwaiee
wd, VY glas e iSu p0 ol 1l AYAN-AY el
iy gl g Gl S e Gl s Jold puiS
a5l akedan Oy (ol g ke Gl eyl Gliiy
dogd )0 5 0dd Sl o)ley g (b il o) oS
35 5ol JalS slacssl b Spe 4 ola obT
PSSy g 4 el eSS Al SlS ISS A
Jer Jsb 4 5 ailo YO Lyks alob L ks 2
ol olsl o plml qye o o 4 B 0ST5 L
2l bl 655 Lo plowl CuiS 5|y alolidly
Ohalel e mlaglesl Gisu 10 00,8 ik (S (505
aw ) Solas SLels b B e Jyesl Ojge
S 5 00 53 0uiS 03, 1Y gl JiS s 12 1S5
VY 58 eF T et bt les slaleg Jlasl pgo
Sloslatwl b aS 09y puiS sloed, adsb 5 of 5 6l ax 0
Jleel (Gbol S90 5 550,8) i yaelipy BB Slid=s )5 8
3,50 Sapd, aBsb (g)ls paigas lil pslaie cpl 4y 0y 5
SO A0 0 08 plxilole (0 25l 5o ac )50 5l g
FRCTYRARE Tagao) paiS o8, o sbodaie ;| colass oud

5 0dd gl Sl dedis ) 4 deds (p eS L g B0

AF=FE D) VF) O cordiam 5 $5leSigm /o) Ken 5 Lo,

08 o sliy] GollS 285 Caaglie slml 4o Loy 4y polie

(Vitamvas et al., 2007)
PB! 5o Loy a4y Caaglie (b3l ez il o,
Gl 23ls 4 lgie gl 5l aS o)ls sgzy alise
asls g (LD3) sawas 50 Lasls (FSIP) lac,se
0,5 o,lal (LTso") laaig swoys 0¢ osiS oo
Fowler, 1982; Limin & Fowler, 1988; )
,» (Mahfoozi et al., 2005; Mahfoozi et al., 2000
033l sy 5 LTso (asls da asls ol (e
ol s gl s ol &l s &b sy jo olesdl
Pl i)l sl 5 035 @3S 5 ol iy dllasil (g,
ol sl eslatwl bcenl canlico jlowo Loy Jozi a5 5l
3,5 byl BUsS Do o 1y (S @l Olgi oo b,
Gl 5l ol oo = ol b .(Mahfoozi et al., 2005)
ol S g lasyze Ll o oS glah,
S pasS ply) e Sy Sl e sl (oo
GRS palns 3y dy az i b o0,S ooliinl o jus Jax laS
LB osged (A0 b cpass ciS cog bl ;o Lo
slaaslp 5l (285 SeS 5 Loy Jooui )l 55ke cSlin
O Joo sl Jeame p pasS o8, oloyl 4 ( o
il @i opl 5l Bae ulpls oged pladl Lo ps 25

P oy Jood b b e oleordion 5 Soigle i Slaw

2 Field survival index (FSI)
% Lenthal dose (LD)
4 Lethal temperature for 50% of plant (LTso)



Y

@ glol atin aw ol Jsb jo aias (g,)laSs SRS o
CllS 5l e, VY CldS 5lam 285 Do phaie b
5 0l 2lod g glaiy) piwgw 4 azgi L doadgb soe
L)“’L"" u)‘ P9 oud o 0d3) 9 00 e ‘_;mey slaws eJl:.@
Sl s g 0 S Loy Je 9 LTs0 5
A9 5 e olerian hg) 5l OlalS o sleasl Jeos
b eslatwl LTso (s L (Limin & Fowler, 1988)
S Cwl 60&;:3‘ dLﬁbLaa Sy )’l u)f); LTsg ui»”
O 3l e ey laiy asye O PBlas ol
el ) T 4 0dh ralzd‘ s So;lal X950
Ot dalie izen 5 (SH9led (o p ysbiie 4
aw galoye 5l Bl il 4 Jaug, 5B 5 IS ey
T S e LSS Ojpe )l pdised w4 (S p
SaS 4 Wy i bog ol Solay jeb a4y aig
lap] ale olel phm o drmgl Condy wpsSass S
Slaw ddsb sla Jokw slie (g lul (g Sojlail ol o)y
(_g).zfo)"..\ﬂ W ral.?d‘ adgb (g, Slol u}nj taL?;S‘
Olsedys sy & ol CMSH Jslos slad g laky
o 2aSs ! bg, ol b 0l plesl Sullivan, 1972)
Aol o ladiged w0 dugd lrddgbs 51 ol 59 L
aryd Ve sl po jhie O sl (0sS) ule]
diges .al ools 13 cele VF Goe 4 ol 5 le

$,0a%5 (5Bl Lo @ o, Cg oKislejl o Saw

® Cell Membrane Stability (CMS)

ASiles] 4 alolidl 5 ol 5 Serdly slodmS
s omtl el K 51ty 1 oS o sings S Jiis
ody 35 Pl &5 by & Bk VL e le A
Lgad,s )18 mhaw G )0 00l oy aBglo Vo o aiold
S9y 0y Slasin 5 ulejl sles a5 (Sawdly conzr
loaius aldl o .o Juale oo 4s gy ol dldg
oIS )3 o5 & posmimosl] Byl 3 loddsls b -
wlad ail wled 0 B,L o lax L leadsgh a5 wio
Cq oAb oogbie ol awle L oowle Bl Jb
(ool awle S (oo slad LS (005 &l S5l
ool 58 5l e aiils s ol awks 0o S xw
4y 59 et bHnyd gles (Glidsd j5)8 5 badises
Bb als cglaads Voo Sl o3l il 4 ol 5 le
oz Do badigad Gl 050 slos 4 o) 5l o
Sl Byb e ol e (5,108 Lo o] o cele
2 el YF Goe 4 g 7,5 5,8 5 Lo ] sleadsh
g b (N o9d Sz oSl 4z ke sles
Om Ol G B0 0 (5,108 Jldy j8 00 Fu anle
Slas g So3lal gl golass o i Cov sladdsh
oS il 423 A b oy b a e Syl
Soyd (s sshiie 4 leadsh I Sy as g i
5o A wiad adS o saome il gl gleons
weyio Sl (bsle n et S 8L L (55

Aad A D 4y g S Vi) i b ale g S S



\Al

5 00,5 ags adsb 5 il 5l e S slaaiges Toae
VY Gloo b oyl 50 ladiged ciugh ) wuoyd (6 pSoslul sl
Sl ol jo asas ools 1,8 cels FA o 4y a0

1050,5 dwloe (V) alasly 5l oolaiw! b ladiges (g joml

ECx036xdf (v
0.987

Osmotic potential =

colaa (EC) 4 coghb, awyo df) (398 ol o
ol 815 il 4> 0 YO sles o (SO S

Sbmpl clsd 5 Jsbre slopSsy spSesl
Pl laadshs (5, slazil (gajl plomil 51 amy g 51
oslas gl il s Baiges dbopur (25 Jloel 51 e o
by 3l GxSeslas lp g wiad Jiie olKaslejl 4
Ramachandra Reddy et al., ) K2 5 10l
sy & ySoilul Sz aslsl jo 0,5 eslanul (2004
R L S
5 oeilr laghs) 5l i 54 VB 5 jBgemsdanslygm
F299% % 3 wwliw (Chance & Maehly, 1995) Jal
Sinha, ) L 4 (Beauchamp & Fridovich, 1971)
chale g Sojlal ol eolaul ol Swil L (1972
Sy hyy 3l el bons Jelee slainsn
&b plsl (Bradford, 1976)
MSTAT- EXcel slal58ls 5 5 laosls 3IUT alxl sl

Loy 55 b Sile awlie ays 5 ooliul SPSS 4 C

AF=FE D) VF) O cordiam 5 $5leSigm /o) Ken 5 Lo,

J S FE I P PN B N KPSV ER VR 1
Extech EC500: ) S,y mawcole oKiws
Waterproof ExStik® Il, EXTECH Instruments,
&9 sl eSIE T 51w (Cy) a5 ,505l0il (USA
B e ol U3l dids ¥ B 4 Hhaie Ol 5 4igb
Colie (U1 oo b ool Les w5l e 5 Al eals
ab gySojlul sazme b a5 Jole ul (Sl
(V) alal, 5 oolital b Joko slid s lasly aalsl 3 (Cy)

159,5 aculxe

CMS=[1-(1-Ty/T5)/(1-C4/C2)]x100 )

5 baises (SO as colan Joleo T (598 alolrs o

Lyl 5 beisad (oS Colan Jolus C 5 5 Ll
S Beb sladshe roml Jeily 5505l

5 ool by, 4y adsh (g5, slexl (g5l plxl
w49y el b ol el Janardhan, 1975) . Sea
5 00505 dnpd adgb 5 CdL 5l 08 SO slaaiged lal
5 ad a8y i O (o5 5 sle b ol o )las s
B ools 1,3 yhaie Ol gyl eI J5Is laaiges caalo]
ol ) sl az 0 YO sles o o oS Eolas e g
Extech ) Spusl msolin ofiws 5 oolal L

EC500: Waterproof ExStik® IlI, EXTECH

W > ey b g .5eslsl (Instruments, USA



Yy

5 Loy Jass Lagio oo SVsb e gl |, ol
oy 4y (528,593 aBge )3 )y 3)90 poiS o, LTso
5 bl ablS (bl eed o 392 81O bl
L (Kazemi Shahandashti et al., 2012) ., Ken
Loy o5 co8 Joho S)lus Gloazls (o)
Wlg3 oo Loy ()5l jlod a5 W50 8 Gl 2 9955 50
oo L Loy 5 i) glacend 511, olS
S s s Gaalesl ool 5 ol gl IS o o
3 i e a4 cmlin g il o8l Sl p Jood
B 51 g ale ol g po dnwgi 092 o)l o)
33 3,5 Gize Sy o)l pB)l 50 (aly 4 cha,
Sz a0 50 o)l Bl ole 63 F gl (5510 paiges
9 ohigy M) Al ye 50 by g ailiess; pB)l 5 alSge
LTso lawgio l> o ol jo auzils 18 ool Sz p
CAID oyl 5 alice) p5,) sl g “FIV ol ol5,1 sl
9 wlive 08, a5 nl 4 4253 b o5 I0 paiges al> o )3 05
s 8 (hagy o Al e )3 b5 Slep 4 pglie
OV Jsoz) 090 LTs0 = VF L Loy Jood o s (slyls
093 Sllllas o (Majdi et al., 2009) ., 5 oo
ol csilwo,len 3La a3l puuS pB)) jo a5 wols olas
il aepe 2)ly fmpe g oad LSS @ s3el
Yo Do ]y bopw Jooui Ul 4 )0 5 Wgd o
Fujitaetal., ) o,Ken 5 5 >98 ol )| yuon jo .05l

Ol (paiS gy Yo ddy ) daome ol dslllae L (1992

aoys iy Jlixl maw jo Sy lals wiz g0l
s el

olbdlgn oKl jo lea ailiy, sles (550l
as ole Hlas AYAN-AY ey Jle o olasle S ol ol
VYIF B -9/0 5l lsa sles ol s colo (g0 YO L V- 5l
ool 25T 0 loa sles (Sloj o3l cnl jo w09 it
3 @bes Ll iz G 0g e pj (G V) 3g02)
b celie glaree) g ol Jolate Jaias g 0y 3blie
63 Aol 55 05l 00 @l B olS )0 Loy 4y (6,555 (sl
@bed byt o bopw 4 65595 Sl puS Sboaiy cole
oo (69,0 lga sloo ailyg, awgio g auils JI 3 ol
29 01,8 sl az 0 VIV s>

4 pg)l g sl g alivs; pB)l Bobo olo 0 24l 5o
S el ple @ cos =NVIO g NF Wl LTso L cus s
Seaglie (p S g W0 510,95 p Lo 4y (6 udn Suaglie
L i b 5 ot ool ) eBsb & Lo Loy
alwo; plB,l (559908 Ll 5109 =Y g -F Joleo LTs0
Sz g (g M) al>pe 50 S S eyl g sl g
WSy (K p al o )3 (o)l 95k o)l pl)l g oole
9 A3l Beios onl @l lewly jo () Jouz) asls 13
o8, a5 wo,S )5 (Fowler et al., 1999) ., Ken
Sl w8 ol g o)l by los 4 (o3l Jam jliw )55

lalos Loz Colls ] ol a8 cel o 55500



\Al

ol pB,l 05 S L )si 08 4 S pB )] l (e s
ilwosle 5L Sl g 265 Gl ole (sl g
sl &5 by 5wl a6yl a4 Cuns 5 W)l
oo g el ol 5B o)l Sog) caiis (g5luelen
39 iy ol mls Gelal jadsls s Sl 0 Loy
Loy Joos lie Sl 51 ol) gl pasS o6
Ao a4 i S pB)l Jood (e ZuBls 429
9192 Gad aclus b g glojy y90 4 g 09 Dgliie G0
28l elS e Jad 4 ol oo
ol lad Les X o8, blate I (Sl anslie gl
AV aY gl slales plas jo Jliw, g ailius) o, a5
ANYD polio b cos gay ool cole a0 -V 5 -9 7
Ot glls s )0 YAIYD o YEIAD A<IAD AYIYD
GeiS (pl @l b Gebate (Y Jg02) 09 slis s5lub
sy o (Sibi & Chegeni, 2014) 5> 5 oo
Olyee dod Cll b aS Wi, ol (Soji @l sloles
loods wSIl cis Gl 5 awls Joko slag gl
“ Bl s Ye s 0 o5 s5b syt b
30 sy doyd Y 4 beddy oSl il ol oS
Lokt aibias; o8, ol S tle az)s +F ples Lo
Al ple @ cas 508 slid g lal sy YAIVO
VY10 L 5booylee of, o )5 sl ax 0 -V los jo .zils
b ol ol p3) oS il a0 -7 (sles )3 oo

285 o5l pd, 01,5 le ax,0 -1 sles ;o (s 0 FOITD

AF=FE D) VF) O cordiam 5 $5leSigm /o) Ken 5 Lo,

50,5 5,155 =AY B -Y/A ssgaze o oyl glp |, LTso
—0/8 B =Y/A 5l eyler pB) sl LTso )bl anlllas jo
V1Y Slesal pB)l sl 9 -F/8 (neSlee L 85 (lisaz o
adlllas oyl jo ol g pie —FIA Sle b QY b
Sl ogmly Slocs) lopw Joou a5 wsls (i
Mahfoozi et ) ,Ken § Lgaze .ol o)l 5l yiios
Feog 92 ¥ OF sloju Joss obj,l L 5o @l 2005
Olime Oy paS jo A5 W8T Al puS Y
Loyl LTso b jbew,08 03, & Lgrpe ol slos Joos
A8 LTso b opgyee paiS 5 g ol Siles az 0 Y0
ly S5t & Jood i oy yiin ol Sl a0 -\ F
£9,99 'n..\j ‘QL’ rm.bf iz Pl.%)l allas b L""ui bl
Sl & oy Jood Gl o5 wsS plsie 92
a5 5l (Kiw blie olga g ol bl s b oyl 5550

RYIVER loe ol
3 e (Ysb silwoler 5L s 4 a5 Jbs g 3,
@ SYob line; b o jlows bl 4y 5L 68,10 0
Ol Kl bl 0y 3bls 5l (S 50wl oo jled
o3, cpl (Fowler et al., 1996) ss 5 oo coiS lobls
) as oo)fso & g0 Loj.w L®) J.o?u.a )L.w., r:l:é)l £ 3>
Qoo olis 03 5l oY Caglie culys 5o iulesl oyl
D),u.: 9 OJMJ JM d..‘aL«..A )Q Js‘duao rﬁd.».f ﬁb)‘ ‘J)LM )D
Job A5l kel 5 Sl epg)l oy w5 wile H9aS

4 Cwglie g Wog (awgte 5l )l wsiluoler 0y99



Yo

o8y 4 by ol 5 le az o Y gled o ()l o)l
a0 -V -0 =F b slajlad jo g b el sl
AV Jga2) 0 i o)l o8, 4 bgrpe oI5 Sl
s Gloyles )0 (el ity Olie Dlpss (o)
i Lol ol las 1) pastin g <ol Wigy ol Jlesl
Sade oS sile a0 -F B Y Sles oogase o a3
G- 5l o als L asols alS 1) 095 (6 jeml il
3 ORIBL ey y5e pBYl o S il az s Y
ol AV Jeaz) ol canlin gieml Jewsls laae
srie ool Ggiome (halS g Joho (9,0 Jolome olge il
08 Fomb s Joke el Jeily pud Sciie &
Plp o Sueglie (I3l (Jsbe 09,3 lo slezdl ks
w3l (Siosemardeh et al., 2010) 55,5 o Loy
o booml sl 5 a4 ced LS e
Siol Joily 2al5 5 (reml (sloosiisedadlo
Col 0ad B s oliime ple by sl
5 Loyw Joo O oinios cpl o (Quick, 1989)
Al odslivne o g g e (Swsod (S el il
3 G GRS a5 LBl (Ko Ole a4 (A Jguz)
Jooi 5l eannils adsh gl Jsl graml Jomily  ol5ee
Cho G abaly Grzren Wog )10 03 (R Loy
wlid gl 5 OISt slam T b (5ol Jomily
SR O)ke a4 (A Jguz) 05 o g g (shie Sjpo &

gy agh (sloJsho 3 syaml Jomilly olis o5 (o)

oyl 8, oI5 lw a0 - VY les ;0 5 o, FY/FA L
Wogs slid )l 5e3eS hls woys YYIFD b Wgews
asllas 9,90 a8, 45" wisls Lis yioren s (Y Joux)
o8 il ax 0 Y sled ;o (oyler g9 cpmlin ailinwe)
Olyme oy 8l L g wing slad (g laul o i lls
2SS )eb il rals adsb slaJolu clas o )lmb
eS @l sk slid wl,F ile az e 1Y les
o (T J992) 0 (Fgr Ceid olie s 5 )Mk
Ao yo yo ploadly slad glwl b by Jood (Ko
Wlio ) pB 1) Loy 4y polin plB 1 aS oy lis (5 S diges
ook ol s (g slie g ll Sl (Gl
bl e )0 (A Jgoz) wisg o5 (o) pB)D
i o (Eivazi et al., 2011) o, Ken 5 oogue
a5 23,8 155 ey 5 Cod paiS slacalss o)
@ by iy 4 Pn i Ol (255 9 o
NSVOV) RV PO EOVRP R PRV SRV i PP PV 75
Mgiee Grpbe @ Cund QLS (Sn o plad 565
Loas wil L oo Uil cdld & bap
sblid co5 5 5 Slogar 5 SsemlonnS slacldld

(Nazari et al., 2012) el bLs,| o Joko
Syl g5 ailinnsj 03 cosd Jloel (olos slalos 5o
ol Jomily (e p3 1) 2l o s pB)) o @
Joie 8lS 508 AT Jpaz) cuils sb sla ol

o3, 4 baye ol 5 le ax 0 +Y Gl o Cae )l



\t4 AF=£E (Y AT ) (O sondinm 5 599500 10,00 9 Lo,

il 15 sy olSals o bt sl Sl 5T Called e s a5 5] cogs 00,5l LtalS 2
oo 9 Jobre slacnSan sl (ST ]

Sl paiged al> yo 53 (U puiS axlllae 8,90 pU8)I LTs0 (a5l g 659928 -1 Jgux
Table 1. Phenology and LTs, of the studied bread wheat cultivars on sampeling stage

P! G0y ol $5slex Sl sl
Cultivars Growth type Phenology LTso
Norstar Al Vg -14+1.15
Zarin Al -SR -8+0.58
Pishgam ol SR -5+0.14
Orum b SR -11.5+0.43
Sivand ole -DR -7+0.72
Alvand b +SR -7.5+0.43
Shahryar Al -DR -5+0.43
Bahar ole -DR -45+0.14
Parsi ole DR -4+0.14
Baz oslg DR -3+0.00
Kavir ole DR -45+0.43
Pishtaz oslg -DR -5+ 0.58

DR . dJijo b.i..o).a Eg i ~DR wols ‘_;i...o).v sl #+SR ol ‘_;i...,.o).’ SR gy I sles! -SR gy I, Vg
.4.31)‘3& k_‘;i"‘“"’)"
Vg: Vegetative stage, -SR: Late vegetative stage, SR: Single ridge, +SR: Post single ridge, -DR: Start double ridge,
DR: Ridge double.
alinoy o8, T il ax;0 VY gles jo 5 Liwss
Aol lawnSl ol Codlad S o (s Gl b e pas ol plailes X (8 blie il Sl duslie gl
aS el (pl saimalis s bl Glddss s wisg alies) pf, o5 cole ax )0 -V 5 47 oles o jles

Shls oy s a4y ulas pB)] 4 Cod e o3| alio) o3, )5 il a0 -1 5 -F slales o oy )5



\A4

4 bgye ol F sl az 0 VY oY labes o g )l )ss
Collad Sy S 0 J9u2) g Ry b o8,
S5 il az e Y glos yo bganonSTgw w3l
Sl 420 -1 5 -V labes o Gl o, 4 bgaye
Sl 4z -7 sl 3 b ooyl o3, 4 by
Slod ;3 5 Wi 0l 08, 5 JL el alies) 03, 4 by e
@ @lS g nsS o)l 08) & barpe o5 ol az )3 1Y
S les 2als b aS 555 ol Sl «ialesT ol 51 ol s
Pl b cepw ol Sl 4z SY 4 4Y
5 Bl Dygo @ pByl 5 can 0 SlgensonnST g
Jles Srali b Lol og caols &hgo 4y a5l san o
oyl cdld ol ol sl axye £ o4 Y
Oy alino o8, 32 4 pl)l dad 10 B genn 00Ty g
el L aalsl jo ol oaslive Wgew o)l 03, 9 5L 5
(s p Sy plByl o ol F ile 4z 0 -1 4 -F 5l Lo
o) oo andl il bl e sl mpl el ol
ol b 2alS 55 5 5l oler o) 5 ol el
az,0 -VY @ -9 5 Lo el oores Lol cdslis
Pl cdles cepw als cel ol 5 ol
Ome 53 (0 Jguz) ad pB)l den 55 jBgens oSy gu
(Habibi et al., 2004) ., Koo 3 o> bLs)
5 sl 5 (Golein et al., 2013) .l 5as 5 ualS
0955 oy o (AMIN & Haddad, 2013) sl

ols o cwiga sl sl Gl sl cudls

P 325 el a5 s STy T YL culled
bl 5l o e s malS 5 s erdenSTy
cres (Scalet et al., 1995) sgs o o oo
SV 5 -8 Y glales o adgh jlanST, iyl cudles
423 +V sled ;0 ik oyl 03, 4 bgaye oIS il a0
7 gles po g il alies o8, 4 bgye of 5 oSl
b (P Jouz) og Sl 08, 4 bgrye o 5 Sle 4z s
Codlad sl ol aigy ialej] cpl 5l o] oo @ @l
sonlie 00 Jlagl los slolags o STy oyl
b oy 0y90 a8l dBsb jo slaSTy o3l Codled o
il Ohge 4 ol F il ax 0 -2 B 4T Sl L alS
Sialzdl ol S ole a0 VY B -F 5l Les <ol b Ll o
oy ol g bty pBl 0 slaraSTy ol colad
295 9 e o o)le Byl g Jleed g o)l pliny
5 olooly bl a0 (F Jgoz) 0,5 canlin
=, » < (Nedjadsadeghi et al., 2014) |5
Seals Olilge ay oy il Cod a5 Wo,S bl se
b oSt T oyl el oles o asls
S 65k 4 123l Sl oud 5l lalS o (egas
G950 5 e g o8y o el colld il
led @lajles jo @3l onl collad Ce iy o idoy oS

dALH.wo) pé) L Ja}.’).n O‘;ksul.m 4.?)0 -4 9 -7 &Y



YA AF=£E (Y AT ) (O sondinm 5 599500 10,00 9 Lo,

B P o8, sLAE (5 olugly 2 oo x oy Bl 3T (5eSilen umglin Y Jpuir

Table 2. Mean comparison of cultivar x temperature interaction effect on cell membrane stability
of bread wheat cultivars

(do,0) slié g lb

NER
Cell membrane stability (%)
Cultivars
+3 -3 -6 -9 -12
Norstar 88.75a 82.35 a-f 80.85 a-g 76.85 b-i 78.35 a-i
Zarin 85.90 ab 79.20 a-i 74.60 b-l 64.40 -0 64.85 k-0
Pishgam 83.90 a-e 81.40 a-g 79.20 a-i 72.35 e-l 57.70 nq
Orum 81.70 a-f 76.35 b-j 73.75 c-l 68.25 h-n 58.75 m-p
Sivand 82.73 a-f 73.75 c-l 65.50 j-0 55.350-q 32.35s
Alvand 84.00 a-d 79.15 a-i 71.85 f-I 68.20 i-n 50.35 p-r
Shahryar 79.75 a-h 77.70 a-i 75.99 b-k 65.50 j-0 55.40 0-q
Bahar 84.60 a-c 82.00 a-f 76.95 b-i 70.03 g-I 40.70rs
Parsi 83.70 a-e 75.20 b-1 65.25 j-0 50.25 p-r 35.50s
Baz 82.60 a-f 72.50 d-1 65.47 j-0 56.36 0-q 47.86 qr
Kavir 81.73 a-f 76.49 b-j 69.31 h-m 47.68 gr 33.73s
Pishtaz 85.73 ab 77.34 a-i 71.23 f-I 57.23 n-q 30.88 s
Ol
83.76 a 77.79 a 7250¢ 62.70d 48.87 ¢
Mean

D3l e bl e gl auoys O Jleil gelas 10 5SSl yge3] el aslie gy gl sl Kile
Means followed by the same letters are not significantly different by Duncan's test at 5% probability level.

F Jso2) 39 Sl 035 & bgrye o5 (Ule 4z e Y
L as ols i mpl ol cudlad aig, 5l ol Caws & ol
ool cdled e s ol Sl 4z 0 -F 44T 5l Lo alS
Al L aalol jo g il ]38l asdllas 550 plB)) 5o r'v-.’.}j
Codled Ce s ralS o 5 il a0 VY 4 -F 5l Leo
Anjum et ) .|, Ken g ozl (F Jgoz) i soslive o 3]

Ui bl o VB 5l el 38l s l., 2010

o9 ol ko oo x o8 blite J1 1Sk gl (g
39 po)l b o8) WIS Bl az)s ¥ Jles jo oS
) (T sile ax 0 VY 5 -1 —F aY) blo ple
Sy (e Shlo g Lopw 4y pslie 5 i
Ol nppS &5 o yo sy VU @5l colld
a0 -F aY glo slales o PR IOy ROV P

9 —q ‘—\“ 6[&[#00 )O 9 )lJ O)LQQ f“'é) ‘b Jaﬁ.:).n 5\)‘;‘5..1L-’



va

g Cardy (pl (g0 5 cend @illal olwl e
Cudled Ol pss oais |5l (LS o bee jo Lol 00gu
Kazemi Shahandashti et al., ) ol oo 0ol ool

(2013

collad il o 0 slales ) aingas il5F |, Loy
Codlad als g Bk SOl utig p co 5 sla) g5l
4 gy Ng) e 500 Byl 5l Lty e a5l

@ oo 55l HlalS o Ll 04 oo w3l clled zals

OU piS pB1 (g ol Jommiiliy p2 Los X o8y il 51 (pSiloo dunslio =Y Jgur
Table 3. Mean comparison of cultivar x temperature interaction effect on osmotic adjustment of

bread wheat cultivars

i (L) ol Jamniliy
NEY
Osmotic adjustment (bar)
Cultivars
+3 -3 -6 -9 -12
Norstar -0.338 a -0.257 b-e -0.274 be -0.279b -0.264 b-d
Zarin -0.245 d-g -0.230 f-m -0.241 d-i -0.244 d-h -0.216 i-r
Pishgam -0.210 j-t -0.206 k-t -0.228 f-n -0.236 e-j -0.230 f-I
Orum -0.216 i-r -0.223 g-p -0.243 d-h -0.231 e-k -0.216 i-r
Sivand -0.202 n-t -0.194 g-u -0.199 o-t -0.191r-u -0.191 g-u
Alvand -0.208 k-t -0.252 c-f -0.226 g-p -0.226 f-o0 -0.208 k-t
Shahryar -0.245d-g -0.188 s-u -0.216 i-r -0.212 j-t -0.203 m-t
Bahar -0.199 p-t -0.205 k-t -0.205 k-t -0.199 p-t -0.195 g-u
Parsi -0.191r-u -0.218 h-q -0.202 n-t -0.204 k-t -0.193 g-u
Baz -0.214 j-t -0.206 k-t -0.218 h-q -0.214 j-t -0.197 p-t
Kavir -0.192 g-u -0.192 g-u -0.196 p-u -0.188 r-u -0.199 p-t
Pishtaz -0.214 j-s -0.203 I-t -0.190 r-u -0.187 tu -0.171u
Ok
-0.223 a -0.214 b -0.220 ab -0.217 ab -0.207 ¢
Mean

Al e b lo g Dglad s j0 B Jleis ] e jo (STl Qyo)‘" ool 5 alie By > sl by slo .Sl
Means followed by the same letters are not significantly different by Duncan's test at 5% probability level.
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Table 4. Mean comparison of cultivar x temperature interaction effect on peroxidase activity of
bread wheat cultivars

N
Peroxidase activity (U g* mg Sol.Protein)
Cultivars
+3 -3 -6 -9 -12
Norstar 41.62 a-c 35.13 ¢c-g 38.94 a-d 4494 a 38.69 a-d
Zarin 42.02 ab 36.67 b-e 33.70 d-i 35.90 b-f 35.40 c-g
Pishgam 36.00 b-f 32.79 d-j 29.18 f-n 34.93 d-h 34.27 d-h
Orum 25.48 k-r 27.33i-q 27.29i-q 30.98 el 34.32d-h
Sivand 32.36 d-j 23.10 n-t 21.29 p-t 22.77 n-t 22.63 n-t
Alvand 31.31e-k 28.79 g-0 31.28 e-k 34.45d-h 28.16 h-p
Shahryar 17.71 st 30.17 e-m 29.26 f-n 34.05d-i 4154 a-c
Bahar 24.37 I-s 25.39 k-r 18.36 st 19.62 r-t 24.16 m-s
Parsi 22.90 n-t 23.75 m-t 23.40 m-t 18.21 st 22.76 n-t
Baz 25.52 k-r 21.27 p-t 20.36 g-t 17.01t 22.10 o-t
Kavir 25.55 k-r 23.64 m-t 19.61r-t 21.12 g-t 28.79 g-0
Pishtaz 21.27 p-t 23.62 m-t 26.03 j-r 21.19 g-t 23.82 m-t
Ok
28.84 ab 27.64 be 26.56 ¢ 27.93 be 29.72 a
Mean

D3l e bl sre gl auoys O Jletil gelas 10 5SSl yge3] el asliie g > sl sl Kile
Means followed by the same letters are not significantly different by Duncan's test at 5% probability level.
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Table 5. Mean comparison of cultivar x temperature interaction effect on superoxide dismutase
activity of bread wheat cultivars

Bgoms SanST g @31 clad

@,
~ Superoxide dismutase activity (U g mg Sol.Protein)
Cultivars
+3 -3 -6 -9 -12
Norstar 124 a 105 b-i 123 ab 124 a 111 a-g
Zarin 121 a-c 96.59 d-m 94.79 e-0 111 a-h 92.87 g-r
Pishgam 98.54 d-k 107 a-i 113 a-f 113 a-e 112 a-f
Orum 93.58 g-q 75.51 0-w 96.35 d-m 105 b-i 82.50 j-u
Sivand 66.29 u-w 94.98 e-n 59.07 w 88.75 i-t 69.93 t-w
Alvand 111 a-h 104 c-i 115 ad 105 b-i 100 d-j
Shahryar 73.80 r-w 79.11 I-v 59.02 w 110 a-h 97.18 d-I
Bahar 61.04 vw 67.25 u-w 76.33 n-w 92.11 h-r 75.32 p-w
Parsi 70.26 t-w 75.62 o-w 78.77 I-v 94.38 f-p 72.34 s-w
Baz 79.85 k-v 60.95 vw 82.69 j-u 76.01 n-w 70.51 t-w
Kavir 74.52 g-w 78.67 I-v 83.91j-u 77.83 m-w 58.85w
Pishtaz 68.78 u-w 66.96 u-w 76.08 n-w 90.25 i-s 78.03 I-w
oeSks
86.96 b 84.36 b 88.29 b 99.19a 85.17b
Mean

Al e b lo e Dglad s j0 B Jleis ] e jo (STl QB“’}T ool 5l By > sl by slo .Sl
Means followed by the same letters are not significantly different by Duncan's test at 5% probability level.
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Table 6. Mean comparison of cultivar x temperature interaction effect on catalase ativity of bread
wheat cultivars

SYBLS o1 codled
e
Catalase ativity (U g** mg* Sol.Protein)
Cultivars

+3 -3 -6 -9 -12
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Norstar 146 cd 172b 195 a 150 ¢ 110 g-m
Zarin 112 f-I 143 cd 181 ab 133 c-f 100 i-o0
Pishgam 72.51 r-x 106 h-n 113 -1 88.72 m-u 67.02 u-z
Orum 128 d-g 173b 185 ab 112 f-l 91.03 I-t
Sivand 64.73 v-z 95.49i-q 108 g-n 75.26 g-w 46.67 z
Alvand 79.39 0-w 116 f- 139 cd 117 e-i 87.16 n-u
Shahryar 72.79 r-x 137 c-e 151¢ 116 e-j 79.05 o-w
Bahar 52.48 x-z 66.75 u-z 100 i-0 69.44 t-z 38.00 z

Parsi 71.43 sy 77.56 p-w 113 f-k 98.12i-p 57.95 w-z
Baz 38.21z 79.30 o-w 82.19 o-v 71.86 s-y 4405z
Kavir 57.26 w-z 91.09 k-s 106 h-n 88.59 m-u 50.46 y-z

Pishtaz 66.56 u-z 89.00 m-u 125d-h 94.67 j-r 48.98 z
eSiks

80.18d 112 b 133a 101c 68.47¢
Mean

D3l e bl e gl auoys O Jletil grlas 10 5SSl yge3] el asliie g > g1l sl Kile
Means followed by the same letters are not significantly different by Duncan's test at 5% probability level.
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Table 7. Mean comparison of cultivar x temperature interaction effect on soluble proteins of bread
wheat cultivars

Jsloee oy
NER
Soluble proteins (mg/dl)
Cultivars
+3 -3 -6 -9 -12
Norstar 8.70 a-c 8.70 a-c 8.63 a-d 8.89 ab 8.09 a-f
Zarin 6.29 b-l 7.60 a-h 6.93 a-k 6.18 c-l 8.04 a-f
Pishgam 6.93 a-k 9.17a 7.90 a-g 8.19 a-e 7.73a-h
Orum 8.35a-¢ 8.91 ab 8.25a-e 6.92 a-k 8.40 a-e
Sivand 5.23 h-l 5.35 g-I 6.83 a-k 6.08 c-1 8.83ab
Alvand 6.45 b-k 7.82 a-h 6.68 a-k 6.79 a-k 7.17 a-j
Shahryar 8.05 a-f 7.22 a-j 8.64 a-d 5.34 g-l 6.80 a-k
Bahar 6.50 b-k 4.53 k-1 6.51 b-k 6.00 d-I 6.79 a-k
Parsi 4.69 j-1 3.791 6.94 a-k 5.30 g-l 5.47 -1
Baz 529 g-I 7.56 a-i 5.92e-l 6.98 a-k 8.06 a-f
Kavir 5.20 h-1 7.11 a-k 7.02 a-k 5.96 e-l 6.71 a-k
Pishtaz 7.32 a4 5.41 g-| 4.96 i-1 5.36 g-I 6.82 a-k
A
6.58 b 6.93 ab 7.10 ab 6.50 b 741a
Mean
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Means followed by the same letters are not significantly different by Duncan's test at 5% probability level.
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Table 8. Correlation coefficients among physiological and biochemical traits with cold tolerance
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activity Superoxide ativity proteins (CMS) adjustment  temperature
(POD) dismutase (CAT) (SP) (0A) for 50% of
activity plant (LTso)
(SOD)
POD 1
SOD 0.856 ** 1
CAT 0.754 ™ 0.751™ 1
SP 0.713™ 0.752 ™ 0.722™ 1
CMS 0.945 ™ 0.850 ™ 0.737 ™ 0.811™ 1
OA -0.830 ™" -0.857 ™ -0.836 ™ -0.788 ™ -0.879 ™ 1
LTso 0.671" 0.670 " 0.883 ™ 0.729 ™ 0.675 " -0.814™ 1

W) 50 Jlaiml mhaw (o )l pe oo 4y w g %
*and **: Significant at 5% and 1% probability levels, respectively.

References

Alscher, R. G,, Erturk, N., & Heath, L. S. 2002. Role of superoxide dismutases (SODs) in controlling
oxidative stress in plants. Journal of Experimental Botany, 53 (372), 1331-1341.
https://doi.org/10.1093/jexbot/53.372.1331

Amini, Z., & Haddad, R. 2013. Role of photosynthetic pigments and antioxidant enzymes against
oxidative stress. Journal of Cellular and Molecular Research, 26 (3), 251-265. [In Persian]. DOI:
https://doi.org/20.1001.1.23832738.1392.26.3.2.7

Anjum, N. A, Chan, M-T., & Umar, S. 2010. Ascorbate-glutathione pathway and stress tolerance in
plants. Springer, Dordrecht Heidelberg. 443 p. https://doi.org/10.1007/978-90-481-9404-9

Azizi, H., Nezami, A., Nassiri Mahallati, M., & Khazaie, H. R. 2007. Evaluation of cold tolerance in
wheat (Triticum aestivum L.) cultivars under controlled conditions. Iranian Journal of Field Crops
Research, 5 (1), 109-120. [In Persian]. DOI: https://doi.org/10.22067/gsc.v5i1.902

Beauchamp, C., & Fridovich, I. 1971. Superoxide dismutase: Improved assays and an assay predictable to
acrylamide gels. Analytical Biochemistry, 44, 276-287. http://dx.doi.org/10.1016/0003-
2697(71)90370-8

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram quantites of
protein utilizing the principles of protein-dye binding. Analytical Biochemistry, 72, 248-254.
https://doi.org/10.1016/0003-2697(76)90527-3

Chance, B., & Maehly, A. C. 1995. Assay of catalase and peroxidase. In: Culowic, S. P. & Kaplan, N. O.
(eds.), Methods in enzymology. Vol. 2. Academic Press. Inc. New York, pp. 764-765.

Eivazi, A., Javani, M., & Rezaei, M. 2011. Effect of planting date on cold tolerance of winter, spring and
facultative growth types of wheat genotypes. Journal of Crop Production and Processing, 1 (2), 1-18.
[In Persian]. DOI: https://doi.org/20.1001.1.22518517.1390.1.2.1.6

Fowler, D. B. 1982. Date of seedling, fall growth and winter survival of winter wheat and rye. Agronomy
Journal, 74 (6), 1060-1063. https://doi.org/10.2134/agronj1982.00021962007400060030x

Fowler, D. B., Chauvin, L. P., Limin, A. E., & Sarhan, F. 1996. The regulatory role of vernalization in the
expression of low-temperature-induced genes in wheat and rye. Theoretical and Applied Genetics, 93,
554-559. https://doi.org/10.1007/BF00417947

Fowler, D. B., Limin, A. E., & Ritchie, J. T. 1999. Low-temperature tolerance in cereals: Model and
genetic interpretation. Crop Science, 39 (3), 626-633.
https://doi.org/10.2135/cropsci1999.0011183X003900020002x

Fujita, M., Kawada, N., & Tahir, M. 1992. Relationship between cold resistance, heading traits and ear
primordia of wheat cultivars. Euphytica, 64 (1-2), 123-130. https://doi.org/10.1007/bt00023545



https://doi.org/10.1093/jexbot/53.372.1331
https://doi.org/20.1001.1.23832738.1392.26.3.2.7
https://doi.org/10.1007/978-90-481-9404-9
https://doi.org/10.22067/gsc.v5i1.902
http://dx.doi.org/10.1016/0003-2697(71)90370-8
http://dx.doi.org/10.1016/0003-2697(71)90370-8
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/20.1001.1.22518517.1390.1.2.1.6
https://doi.org/10.2134/agronj1982.00021962007400060030x
https://doi.org/10.1007/BF00417947
https://doi.org/10.2135/cropsci1999.0011183X003900020002x
https://doi.org/10.1007/bf00023545

Golein, B., Mohammadian Afshar, M., & Mobrami, Z. 2013. Investigation of superoxide dismutase
(SOD) enzyme activity, B-carotene, total phenol and antioxidant capacity in fruit peel of five citrus
cultivars under low temperature. Journal of Crop Production and Processing, 3 (8), 177-189. [In
Persian]. DOI: https://doi.org/20.1001.1.22518517.1392.3.8.16.7

Habibi, D., Boojar, M. M. A., Mohmoudi, A., Ardakani, M. R., & Taleghani, D. 2004. Antioxidant
enzyme in sunflower subjected to drought stress. 4th International Crop Science Congress. 26 Sep-1
Oct 2004, Brisbane, Australia.

Habibi, G., Servation, N., & Abedini, M. 2017. Photoprotection mechanisms in wheat plants under high
light and cold temperature conditions. Iranian Journal of Biology, 31, 59-72. [In Persian]. DOI:
https://doi.org/10.22108/1JPB.2017.21566

Hasanuzzaman, M., Bhuyan, M. H. M. B., Zulfigar, F., Raza, A., Mohsin, S. M., Mahmud, J., Fujita, M.,
& Fotopoulos, V. 2020. Reactive oxygen species and antioxidant defense in plants under abiotic stress:
revisiting the crucial role of a universal defense regulator. Antioxidants, 9 (8), 681.
https://doi.org/10.3390/antiox9080681

Hassan, M. A., Xiang, C., Farooq, M., Muhammad, N., Yan, Z., Hui, X., Yuanyuan, K., Bruno, A.K,,
Lele, Z., & Jincai, L. 2021. Cold stress in wheat: plant acclimation responses and management
strategies. Frontiers in Plant Science, 12, 1-15. https://doi.org/10.3389/fpls.2021.676884

Heidarvand, L., & Maali Amiri, R. 2010. What happens in plant molecular responses to cold stress? Acta
Physiology of Plantarum, 32, 419-431. https://doi.org/10.1007/s11738-009-0451-8

Igrejas, G., Ikeda T. M., & Guzman C. 2020. Wheat quality for improving processing and human health
(1st ed.). Springer International Publishing.

Janardhan, K. V., Murthy, A. S. P., Giriraj, K., & Panchaksharaiah, S. 1975. A rapid method for
determination of osmotic potential of plant cell sap. Current Science, 44 (11), 390-391.

Kazemi Shahandashti, S., Maali Amiri, R., & Zeinali Khaneghah, H. 2012. Evaluation of some cell
damage indexes for low temperature stress in Jam chickpea. Modern Genetic Journal, 6 (4), 70-77. [In
Persian]. DOI: https://doi.org/20.1001.1.20084439.1390.6.4.9.3

Limin, A. E., & Fowler, D. B. 1988. Cold hardiness expression in interspecific hybrids and amphidiploids
of the Triticeae. Genome, 30 (3), 361-365. https://doi.org/10.1139/9g88-063

Mahfoozi, S., Limin., A. E., Tlayes, P. M., Hucl, P., & Fowler, D. B. 2000. Influence of photoperiod
response in the expression of cold hardiness in wheat and barley. Canadian Journal of Plant Science,
80 (4), 721-724. https://doi.org/10.4141/P00-031

Mahfoozi, S., Roustaii, M., & Ansari Maleki, Y. 2005. Determination of low-temperature tolerance in
Z%?e[Fregd vyhe]at, durum wheat and barley genotypes. Seed Plant Improvement Journal, 21 (3), 467-
. [In Persian].

Mittler, R. 2002. Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science, 7, 405-410.
http://dx.doi.org/10.1016/S1360-1385(02)02312-9

Nedjadsadeghi, L., Maali Amiri, R., Zeynali Kkanghah, H., Sadeghzadeh, B., & Ramezanpour, S. S.
2014. Evaluation of some cold-induced responses in bread and durum wheat plants. Modern Genetic
Journal, 9 (3), 353-362. [In Persian]. DOI: https://doi.org/20.1001.1.20084439.1393.9.3.10.3

Ouellet, F. 2007. Cold acclimation and freezing tolerance in plants. Encyclopedia of Life Sciences, 53,
67-78. https://doi.org/10.1002/9780470015902.20020093.pub2

Quick. P., Siegl, G., Neuhaus, E., Feil, R., & Stii, M. 1989. Short term water stress leads to a stimulation
of sucrose synthesis by activating sucrose phosphate synthase. Planta, 177, 535-546.
https://doi.org/10.1007/BF00392622

Ramachandra Reddy, A., Chaitanya, K. V., Jutur, P. P., & Sumithra, K. 2004. Differential antioxidative
responses to water stress among five mulberry (Morus alba L.) cultivars. Environmental and
Experimental Botany, 52 (1), 33-42. https://doi.org/10.1016/j.envexpbot.2004.01.002

Scalet, M., Federice, R., Guido, M. C., & Manes, F. 1995. Peroxidase activity and polyamine changes in
response to ozon and simulated acid rain in Aleppo pine needles. Environmental and Experimental
Botany, 35, 417-425. https://doi.org/10.1016/0098-8472(95)00001-3

Sibi, M., & Chegeni, H. 2014. Evaluation of freezing tension tolerance in wheat (Triticum aestivum L.)
Sayonz cultivar at 4 to 6 leaf stage, under controlled conditions. Crop Physiology Journal, 5 (4), 53-39.
[In Persian]. http://cpj.iauahvaz.ac.ir/article-1-188-en.html

Sinha, A. K. 1972. Colorimetric assay of catalase. Analytical Biochemistry, 47 (2), 389-394.
https://doi.org/10.1016/0003-2697(72)90132-7



https://doi.org/20.1001.1.22518517.1392.3.8.16.7
https://doi.org/10.22108/IJPB.2017.21566
https://doi.org/10.3390/antiox9080681
https://doi.org/10.3389/fpls.2021.676884
https://doi.org/10.1007/s11738-009-0451-8
https://doi.org/20.1001.1.20084439.1390.6.4.9.3
https://doi.org/10.1139/g88-063
https://doi.org/10.4141/P00-031
http://dx.doi.org/10.1016/S1360-1385(02)02312-9
https://doi.org/20.1001.1.20084439.1393.9.3.10.3
https://doi.org/10.1002/9780470015902.a0020093.pub2
https://doi.org/10.1007/BF00392622
https://doi.org/10.1016/j.envexpbot.2004.01.002
https://doi.org/10.1016/0098-8472(95)00001-3
http://cpj.iauahvaz.ac.ir/article-1-188-en.html
https://doi.org/10.1016/0003-2697(72)90132-7

AS AF=FE D) VF) O cordiam 5 $5leSigm /o) Ken 5 Lo,

Siosemardeh, A., Mohammadi, Kh., Roohi, E. Aghaalikhani, M., & Mokhtasi Bidgoli, A. 2010.
Physiological responses of different wheat genotypes to cold stress. Journal of Crop Production, 2 (4),
93-112. [In Persian].

Sullivan C. Y. 1972. Mechanism of heat and drought resistance in grain sorghum and method of
measurement. In: Rao, N. G. P., & House, L. R. (eds.), Sorghum in the seventies, Oxford and IBH
publ Co., New DIhi, India, pp. 247-264.



