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Effect of short and long terms cold acclimation on biochemical characteristics of

spring and winter wheat (7riricum aestivum L.) cultivars

¥ . Y. Y é.. Vo of -
Con o W95 Dstms g ¢ 03l pde Siga ¢ glble Jo 014 )

o>

o

sl o) 0 plerdsy Slev sy L;)lf)'l.»h,.a Sde Vb 5l S laoyes 1T (Cw Il (B g Bgdome w03 de o ol ( Slake e
AN (Ve Ol gl 8155 pole dloxe . (Triricum aestivum L.) ot (;.x;f Gl

90sle pus 5 38 ldgn Ologas p gl g Do (Vb 5 obgT (So)sd T dulis Helies alo3T e

PLEST VAN Sl 33 Ol pmgi Sl-5518 WIS 3ol § Saly) 09 57 LIS 58 5 4G ¥ b Solai Yol g b & JIB 55 dibiuns )
Ailiowo 3 083 99 30 USG9 9 b9 7 (Slgizmo b (SWS (il | T Sl 3T B ¢ Ol Salo3T cpl 30 .08
Y g el VL 1Y AU ko Do o1 F ke 4350 ¥ (Shd 50 Bagals” &7 oK puis” (Cubones) osle 9 (Hhwlygd)
Cmilgl (o ymwgs> 4iidy 98 1 ey slicwl g8 il o8y Lgid 45 810 OIS LTsp (w2 g ld .0 5 (5 pF 051! (il slowd
AR 90 3 (g (J9 4Bl gl 38 bogw a9l Jo 150 30 o 3T Cudlad 3)1g0 si 50 .87 food 1) 31 F ke 4238 VY (Slo g
JLd GLA9FT &9y (o103t SDS OIS Lo g 483l o150 38 Bopas 5T Ol we L1331 .28l Sl Wgy cpl (olo g
28 99,5 (Glgmimo LS (iiud O3S S8 (S digh vudel mue I Judg 5 Ayl 4y dgi b .ol Do oligs 53 O s
G5 (il (T @ Bl S (TR 4 JooU 33 Wil 0 (2o g Jgb 00 OT (A7 457 aad 0 Gl Slwlsgi o)
9 Do 0L3 g8 38 L gilin 31 (5 9 9 0399 Sl S131S (lo ywgd Tke Vb 9 0bgT (S slowi (595 B &5 315 VLS

N I 6 Do SV 0 K8 (S

LTs) § pis o gii g 5157 ( Judg 5™ (il 6T Sl 3T 1 suls” slasly

NATCZALENE R WAY/B/Y s 12l 55 fus6

(oS” 43150) O ol DB Mol 5 ol ke ol e 01,6 a@u@,,uGuh;;),uswaﬁu,\wu,\ss,?,_:uf\
(a_alisoltani@ut.ac.ir:¢S 5 2SI &)

oL a\i:;uNcm,@),ww;ﬁ)t{;u—mv

ok 5 e a5 Pol Dlidesd anpe DM g Ll Y


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.2.2.5
https://agrobreedjournal.ir/article-1-89-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-21 ]

[ DOR: 20.1001.1.15625540.1391.14.2.2.5 ]

WY Ol o o)led s slgz Al MOl 1 p e dlona”

15307 2alie 035 by 5 S80S Ole S2alS
SO W5 o (0 5pnS T T SISy s alS”
915515, (Kranner ef al., 2002) diL O gllas Cin
235" 155 (Yordanova and Popova, 2007) |y, 5
35 5 lac It 5 IS, Ol S
3 oAl 5 les oW FA Sl ey gl S
2 s Bl el S Ce VY Sl
5T Ol Sl 3l ediins OLE 0,505 Sladss
oL S oy o lac Jple plw s Lacilu S|
il e Sl Vb o T Jials 5 sle s
<N .(Janda et al., 2007; Yadeghari et al., 2008)
oL 55 slae, 50 53 oS o a5 Gla s 5 51 (F
ok Joe 35 543 8 ool olo s
3 IIE e S s sla s g Lacd sl
LaoT Gl (g5, 5mws opl ol ((Yang et al., 2005)
il dan oo a5 (gl s 51 Ll e
SLrnS sy Bl (S bl b e 25 4 S oS
O o a3 g 158 0T allss Olej 5 oS oo
o=l (Anjum et al. 2010) Cewl Hlus a8 9 S5y
SYsb 5 oS Slaeygs jladdles Ooda b ey
S plardpy Sliv (S 5o gl e Do
35S0 Jees g2 Sl Gl 6 bt )
it Ll ple (01 a8 b (8L pores

W23 8 plowil iyl 1) Sleb 5 S0

b w9 9 dge
Celysos,8 GS 55 VAN Jle s Sl T (!
b e 5 65u0LES s UL Pl
o )lg 055 53 31 G cnl 3 b plonil O o8
A oslizal OU (a.x;f()bb}s) Gl 5 (CddasS)
Ol doaw g0 DN Jide 1085 93 () 55
o o 5 OIS s 45 5L 5 Ul 45 5 Ol
31,8 Sl a3 ¥ glos) wiy oSSL1 s S, Y

ﬁd}_ﬁ)ﬁ:ﬁ“’" u:.{uaucj})j%,_&)sc,{lj

V4

400

5 i,y aS Sl ases el se 5SS ol sl
O‘J'_:AQLAL:?)} S ;;.\.maul:f); ads
Slales (o me 53 58,5 130 (S5t 4 Joos
AT 0T ag o b o 131 (O 05 oy
ol s (Pearce, 1999) 4 & olo s
T 53 gadnie Dl L aS ol (g nT 5
Wl ol e (S5 S g0 5 gl (K55 55
Ul oo bo o (5 53 35S Jlab slads S slowy!
S ol 8 Jobw (sLid o aedo Eosly
oli ;S ol sles 3 O weds ol Lol se
31,8 sl 6l 0Ll (ian er al., 1999) Cul
slam ST sl SLS 5 68 ol Sols 23l
U g s STyl Sl Sl ST T
dil o STy Dby ST 5 1S, GBS
.(Anjum et al., 2010)

SLS 5 Ol Rl el b sl
Lo st 5 3 55 e L3S 3 5
SSL s ‘-“m'-?T o= e A a0l
33 kil e O3S Jlsd laas S 51 Jplw
O plap T o 5 A o iy Oloe o
Al e ST e 5 YU GluuST
@Lﬁ .(Yadeghari et al., 2008; Yong et al., 2008)
pLE,l 487 ol odins OLES ol plowil Sl
gﬁjwd\,uumgww(u)lgww
S o Ll 48T s STy o 5T VL
3l gl lus 2alS 5 0,4 ST
(Scalet ez al., 1995) L5 oo OT O axill

oS s g Jale &S5 5y 13 IS (o) o
g b b T s
Ol s ~aLS (Yordanova and Popova, 2007)
o Ol ralS Eel s Ll 5 s by IS

Aty Al S Cde ol S e

el

TR RSN < I3 BPNI LR


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.2.2.5
https://agrobreedjournal.ir/article-1-89-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-21 ]

[ DOR: 20.1001.1.15625540.1391.14.2.2.5 ]

e B e e Sote GV b 50l S (sl g 1"

e 3 05 3 YalS oS a le3 S, c;c-f'
Y g +/+0 Tris-HCI (g 5\>) gl Al 3L A e ?
e <SG EDTA 5 ;¥ 5 s Y MgCly «(pH=V)
1O S J glows ds a0 3 s 3L51 OT & (HY 5
ey Fgles s jo pea Ny o aids
33ty Jpdows OT 51 oy k8 55k 5 5l 5 e
Lle o 5T St sl s o 5T (805100 ol
(Shimadzu UV 180) e ¢ 5 2Kl o&ws 31 3Lzl
INERT- AW

(Aebi, 1984) I g, am VLS C Sl
05509 Sy a5 sl oS i (6,8 5100
Sy b il sl VUK 5T s
e (00 Dl S o) LY s
e 10 055n LSy 25 eV (pH= /)
05,5 LS|l s 3 0slas 2y Sad 5 ;Y e
o BT mae dsb s ol SRalS o)l
a5 Sl o 1 oslial L aids oS e
Ad 6,8 eIl

e s il s e STy
A% S o3lal (Chance and Maehly, 1955)
ISU S5 S8 Gl 5T Sl (6,8 o5l
25T 5 05adn STy i 53 JSL S S
AL ) e ¥ ol 25815 bsline ol U S S
s S ¥ pH=V/) N5 o by Sli i
AT s SVt Y e (e Y IS S
g oylas 1l Seadr 5 ¥ pe e 10 055500
Jab 5o odr Jiull ol 05,5 LS
o8s 3l oslizl b 4ids 33 Ske 4 e sL PV e
b (S o311 a8 Sl

OSKen 5 & o5 31 sate sl (61—
Jols (1S b éus i o3lizal (Singh ef al., 1999)
N e 00 Dl S ) e
Ve Ve Juo Yo JJIE 5 0 2ds e Yo ((pH=V/4)
00 5 ¥ s e V0 Ojghn 1Sy 2l SCa

s sk 5 o3 40 Cosby ail e e
Lds 6585 (b 5 595 03 o 7 & Selu MNP
L 0305 glo gl S GLE 0T 31 e
095 dilen olo s 0y93 Jsb (gl SSLT Lol 5
a5 ¥) old Jlesl (glos jo Lad Sgle 5 o5 Ly
Ao SLa0Laj 53 (1 s pas 5 5 (51,8 L
5 Celw YF VY & OF (gl v s O9ds Aol i)
1 g 23S il e g g5 31 gy 42dn Y ioen
A e OLS Al Ol B oA 5 3 5
.-UJJ«LS)‘.\&

e @3l ) bl L g oo O e
3 LTsp s U (Limin and Fowler, 1988) J 45 4
SLTso et (8 (6,8 03150 ok J 18" Loyl
SV =0 -¥) b sy ge sleseil Gles (gl 1SS a
sde YA sl (6,8 Slo amys -V 5-1) (-4«
(;\Jfk;ugjav&u;)ougj;s@;mﬁ
ol 3l 5 iy S| Gls Cand 3 L s 4
Lad yos ook 03k T slasl 0 3037 (51, olS @i 5b 5 s
Gl i IT s, b 5 53 (el 45 5b)
L e (5 aabp B) S5 % 4 2 b e e
Ay 31,8 sl dm s ¥ w5 5 gles S oK
el 1,8 Bl a5 Y e b b slo
ozl las as 5 5m 3 Glas Oy b 3L RalS
a5l Les ol o el S lad gl i 55 40
Lgus,;j@\_s-)ﬂ;;\uasﬁwwmw,b
jlcjjéélj)@u\Y Q.\.aa\{ﬂfdﬁuo.-)sf
iSO 3t s 5 eSS Glaxsil Con
}L}_b.;»:\JfgﬁLu\q-JJV L;Lo:l.:dlsglfgjo..\.&
s yleb sl (slads o dlds s 4w 1 e
Laas s JS7 a0y Sl S 32,0 1 s Ao
23 Ll Ao s (oein ) Go b ) e A il
Lo s s 505 LTsp O joe cobeaeil (slabes Jolds

.’.J.';T 5)\ 26 4

ui’ﬁ) )‘ s ..%? Lg‘J !
4S s opd Al ekl (Chang and Koa, 1988)


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.2.2.5
https://agrobreedjournal.ir/article-1-89-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-21 ]

[ DOR: 20.1001.1.15625540.1391.14.2.2.5 ]

WY Ol o o)led s slgz Al MOl 1 p e dlona”

L aslee 55 6T o Klbe 5o 4§ L s 1SS
e plowil s 5 L 0313 1,5 Aol 5 S
A drloe s as gl IS 55
Badgii sl 9 Jd9 A5 (Slgiome (5,5 051!

03,1 4Bl ks gy 5l s sbite ol sl
65 /0 4S 55 op . eslizal (Arnon, 1949)
Av O gl 2 (o iy 5315035 5 1 5m a |
W 5L S e 5l da 5 05 8 05 gen o)
@i 10 e 4 5 Kl a3 F glas 5 4ids s
Vo el L OT e 5 A il pslidg) s
235 ez Ole e b el o nd
Job 53 5 sn g s Sl o Sl eslizl Ly
S S o3 e gL FEY 5 9FD DY+ FAL (slag s
fo—zs sba J—3, 5 ¢
bl Slesli i Lo a5 55,8 5 LgT

o laas 05,5 LSl s 350 0 5leae 1)y S
gl S PV e dpb s ol Rl
o gh g 1Sl s el L 4 ids 93 Sus
i g Sl
(Bradford, 1976) 5,485 5 by 3| 5sdaie opis
31kl (gLa 5 1SS ol S i 3Ll
TN /05 lacble L (558 o pa sdT)
Sk 53 0 S5V 55 @0 YO AY/B /YO
S ealimal U Lo sad 53 555 o Ol 5 okl g
Syamn gl 080 = ga Jobo )3 e gy Sl o8y
Sloslizal b g $ 5 Lot dslas .25 8 )15 tomtn
3 o s B 5 b g e i 5 dlos Lnesls
U0 palie (g0 i p O a5 5 Jast dslas s
Jslous 2l o ¥ 4 aLE (lacslae 51 s Sa )

l_fjlﬁjua%a)}g.f.:\q-ﬁéuﬁjc.)_}.{ﬂéu‘b‘)}éb\ﬁ

e S ¥ & ged gl el s 4 e g g Sl 1 0Lzl
a Jbs JST 23l e S 5508 Le=127 (A 663)— 2/69 (A 645) x V/1000 x W ")
b s ISl 8 5508 e =229 (A 645)—4/69 (A 663) x V/1000 x W ()
JS Jos S il e S 550 8 Le=20.2 (A645)+8/02 (A 663) x V/1000 x W ()
Lo 559,87 8L p 8 3 p 8 Juo=7.6 (A 480)— 14.9 (A 510) x V /1000 x W (f)

ST 53 Lads 505 0313 13 51 es 3 S 6L51 s s
05 S5m aipei 48 Slaj i g Do 4 i
s 03550 OT 4 SILb,b r.:.wtg' ri"\"”"\“’ﬁ\c' Oy
35 pa g 7Sl o Sl esliwl by dior s
SV Sk 5 E Al 5OV e L
;\J_&uo):_mf,b_;ugwﬁa_;r;)_wl
Lt (Glad Ol e 5 s 0313 Ll 5 55 I8 (glas il
.-b".s; donl>en
Sl 5 Kl claslad s 05 e 812
3350 (S5 0505T b Sole 5 3 5 asnia s
Sl g BLo ) ot 5 ite .23 5 15wl

ARR

sodd ol dsad olg e VL Ll 5o
Sl W g0 5058 W
Miller, 1972) , Lo g a0 Lol glad s
A bl 2 de ¥ 6S 5b s Lds (6,5 051l
54038 Blolodds p30y S e, S 4t
ESaS 4 A Ol i 0313 e Bl 1o jlas
O e 45 Sy gt ol 41 o dclons S 4IE 55k
S S JEPNICHVE P T
dw g aalsl js . dd e Lo s A J5U1 o L
syl llnl uoman 5 ool Cownds o 5las 1,2 e
S el Sl 555 55 2 e e 5 S


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.2.2.5
https://agrobreedjournal.ir/article-1-89-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-21 ]

[ DOR: 20.1001.1.15625540.1391.14.2.2.5 ]

e B e e Sote GV b 50l S (sl g 1"

azin 93 5| oy Gl ) &les o3 4 S
S Jeams 1 VY s e Sl gl g
S0 0L Jeams glo g5 0l 5S (Slroy 93 55 I
a5 ol sS Slaeyss 3 ar 55 (CldasS) o)lgs o3,
L3I ez b p 4y S (g lo s e SV b

(O )

RPN IR ISP COWI S PRS- S S N
SPSS 151 p 5 3l eslial L Laay 25 ol ol
Excel)l;._él(aj_sl.{u)b}g}ucl_?dl(\\ FESEW)

NINE P

o g b
S 513 0L LTsg (6 -8 o 31401 1 Jol> =

I ok cint

B Cdorstar) e,

B (Koohdasht) Lads

Tempraiure [*C)

- 24 hours Zel. Y7
- 12 hours Zele 1Y
- & hours Zel. ¢
- 3 hours sl ¥
- Ohour Zale i

SIUBWIEAIL UORRIND VOPEW|23E PIOD
e U Lk S ol 4:.-:‘1 #

0

c,cf(,u,,nam;j(g;,m;m@rs“;,; LTso 0 gl Sloj bl 56 -Y o
(M,miidu}\clw,; Sl gma %)

Fig. 1. The effect of cold acclimation duration treatments on LT, in spring (Koohdasht) and winter (Norstar)

wheat cultivars (**: Significant at 1% probability level)
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Fig. 2. Changes in peroxydase activity in two wheat cultivars in 3°C treatment for different durations
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Fig. 3. Changes in polyphenol oxidase activity in two wheat cultivars in 3°C treatment for different durations
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Fig. 4. Changes in catalase activity in two wheat cultivars in 3°C treatment for different durations
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Fig. 5. Changes in reducing sugars in two wheat cultivars in 3°C treatment for different durations
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Tablel. Photosynthetic pigment contents in Norstar and Koohdasht wheat cultivars in 3°C treatment for different durations
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Cold acclimation duration Wheat cultivars Chlorophyll a (mg g' FW)  Chlorophyll b (mg g' FW)  Chlorophyll a+b (mg g' FW)  Carotenoids (mg g' FW)
0 hour (wle)esl i Norstar Sl 3.172ab 1.0950a 4.266b 1.0490ef
0 hour (wls)eels i  Koohdasht Csda S 2.003fg 1.0510a 3.053de 0.7630g
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2weeks «is Y Koohdasht S S 2.640cd 1.1450a 3.784bcd 1.0770def
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Mean in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan,s Multiple Range Test

Table 2. Correlation between biochemical characteristics in Norstar and Koohdasht wheat cultivars under cold acclimation duration treatments

S a e ST ST S SV a Jiy i b s, las 459,18
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ns: Not significant I3 gne b NS
* and **: Significant 5% and 1% probability levels, respectively L3 685 5 gy et o 53 5l e 5 4 e 5
Vo


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.2.2.5
https://agrobreedjournal.ir/article-1-89-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-21 ]

[ DOR: 20.1001.1.15625540.1391.14.2.2.5 ]

e B e e Sote GV b 50l S (sl g 1"

Rl L sl ol s A 5 O LS
Aol e Sl Bl SV 05 gpds ST
e Kises 3555 o ol (Srivalli ef al., 2003)
A b ;805 05T 55 5 VU 05T
013 Clan S Slalllas s b ol oy ey o0
s «(Ebrahimi et al., 2009; Anjum et al., 2010)
AN 55 e sl 5T 55 Shas Oljn o (slabas
PRI SIS | SN P OICIW P
b s 5T 5 Jds IS (gl smmn e (6l ime
oS ol 5I(Ydsds) Cils 55y lduS|
s o 058 b slass 8 A 5 e Ln Ji35 47
5 05nST e slag S 2l 4 e T zalS”
SISl 5T L 55T Ol 2alST ams o
;.sj@ 4 Joms (Kranner et al., 2002) 5 3% g0
st o g 3 i S ol S S
;—’j@ O Joms g lads L;zw (YJgd)
e AT 5 53 LalT g i edlianOls
o ook (Vaguifalvi et al., 1999) A3 s
J—es L i ST =T gl T
2 a8k (Ydsber) (lesT cul o3 e & (S5
el ol onls L 5 s sloa tulasT
ol .(Janda et al., 2003; Apostolova et al., 2008)
Ol (S5t o oo 5 Lo 5T o sl 3 925
@l AT 8 50 Lag 35T ol SU et okins
Soa oS 53 g 5T ol Sl 31 il 53 il o
Gt & o155 Sdaw 53 WOT Jge 4 odias OLES
O5nS T Jlas (saaS 5 15 sl oo O3S Jlad
il b e 93 0l8 B8 L e
STl 5T 0T & 2153 L5 & 5 Ll oo

(Okuda 1991) dub o il 31 55 SildnS!

S5 doms
Jolm 53 o (6 - 85Il (slag 5T ol 531
oS e 2S5 Sb S Wi e gl gl

AN

el ¥l 5 (5 055 05 1 p S (ke V/OWY)
053055 2 p S et VIFEV) Cbn 57 oo e i
Lyl s 55 by IS Ol 2alS (Y Jgd) 55 (5
S ot 5 s 4y Splst falS el i
0581 515T SLadlSSsly At g pals” ol oy
Olmr PPl S S ol 5y sy s
S e OT jialie 035 by 5 Jods S
Ot Cho K Wl S e 0581 31T SIS I
ls— 5 915ty s (Kranner er al., 2002) L_il
Ol jwe =l S (Yordanova and Popova, 2007)
¥ Gl S 45 0l S (slnamalS s b IS
w8 5,5 el VY 5 FA S oS sl 4 s
SAalS 48 W5 ges bl T s S 5,181, Ly
odias QLIS Al 5 oo Lo 4y oy 55 35 A7 O e
AEL 55 1ASTT i Sl
Laosls (Soan ol 5 a2 51 Jool> s
jlwlﬁ,;\w(‘p&ﬁﬂywﬁsbow
;YuKﬁ)JTOﬁL;, (BN 5 g 5 (6,15 sna bl
Sps Sola e 5 Cote Sovan K5 TR
‘.J"J-_;Tjg o= o adaly s pde (Y ar) il
U5 055 53 LaoT Ol ,w Ol g Cde 4 Yz
o S o B Al e gl Sk
2l 5 42 93 51 oy 0 55T 53 o Rl
2l 5 Y e JSC8) aal wls 5 oy Stueron
2 i (Sar s ot b e T
R e T T g CR
ok (sl (ol s Wles ST 518 15 5T 5
ol odeis oy 58 La i lasT ol s adasly 540
s M= .(Honty et al., 2008; Arnnok et al., 2010)
RV RV I ISP PN V. SRR P NV B Y
5 S e B 05 ST (S LS S
0530 Sy i I 5 4 e OT 050
aS oLl 5l .(Amnok er al., 2010) 555
Sledo Ly ablie (1 e o2 5T S VUK


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.2.2.5
https://agrobreedjournal.ir/article-1-89-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-21 ]

[ DOR: 20.1001.1.15625540.1391.14.2.2.5 ]

WY Ol o o)led s slgz Al MOl 1 p e dlona”

ol 3l Cgm ya 1y e Sdled LailunST| 5T
Jems )31 ol 53 5 1S BT s L1
(Anjum ef al. 2010) =S 55 uza 355 4 ol
6‘.&".:)_:-‘— LAQT)JJLS_{L»J_‘A? OU; LS\_&)LQ.:J
Al g e el b o i (olyls oS T
L;Lm.x_;;f‘,:_la;: PBL sl Sl cblL LS Ol g
ygd\ﬁ;ﬁwa%.xﬁgﬂuﬁdel
Lo o 505 slacad plie Codlad ulis 0L
L;Y}_lo).ﬁ GM}:;)}_E{‘) ‘;LA) LS‘A)LQ.; 4.3}.::&56
33 ua.x_..fr:_l:_: el s Hs glde Oledb
Oladss gl o glasl g das 5 8 Ylasss HL oo

il gl

References

awwéuojcﬁogé\),”.@u@\,a
AT ol 534S placdple s 5 lags 5T ol
4SS sls olis J%L‘).To-i‘ @L:;' NUNSA PRFAULCIN S J:a'-:
Slaoyas 53 5ol s JLET e ol S o O
Lg;:ﬁt;l}):..u)w&\ﬂ_gd\)_fggyj_b
Shls gl Dds Vb 5ol S slajles
23 e plan 5l (5 4S5 sl iz Sl Coan
Cdls e Vg b s s S s S oSS
ColdnST 5T L;LA‘.{J;T Covan| b oyl y 53 S 0
e 45 Sl 0 3158 e TS 5o
33 e el slaais) 5 (SO ssldenSTl 5T ol
Oliises 539 il ol T Il ki (6 5 Sliios
s iy 5l 68 e e L Al e

Slred S o 5 g w s i Uy (65555

odlaiwl 3390 asbie

Aebi, H. 1984. Catalase in vitro. Meth. Enzymol. 105: 121-126.

Anjum, N. A., S. Umar and M. T. Chan. 2010. Ascorbate-glutathione pathway and stress tolerance in plants.

Springer Dordrecht Heidelberg. 265-291.

Annikki, W. and E. T. Pavla. 2006. Molecular control of cold acclimation in trees. Physiol. Plantarum. 127:

167-181.

Apostolova, A., R. Yordanova and L. Popova. 2008. Response of antioxidative defence system to low

temperature stress in two wheat cultivars. Genet. Appl. Plant Physiol. 34: 281-294.

Arnnok, P., C. Ruangviriyachai, R. Mahachai, S. Techawongstien and S. Chanthai. 2010. Optimization and

determination of polyphenol oxidase and peroxidase activities in hot pepper (Capsicum annuum L.) pericarp.

Int. Food Res. J. 17: 385-392.

Arnon, D. T. 1949. Copper enzymes in isolation chloroplast phenoloxidase in Beta vulgaris. Plant Physol. 24: 1-15.

Bradford, M. 1976. A rapid and sensitive method for the quantitation of micro gram quantities of protein

utilizing the principle of protein dye binding. Anal. Biochem. 72: 248-254.

Chance, A. and A. C. Maehly. 1955. Assay of catalases and proxidase. Meth. Enzymol. 2: 764-775.

Chang, C. J. and C. H. Koa. 1988. H,0, metabolism during sense scence of rice leaves changes in enzyme

activities in light and darkness. Plant Growth Regul. 25: 11-15.

Ebrahimi, A., M. R. Naghavi and M. Sabokdast. 2009. Evaluation and comparision of chlorophyll content,

carotenoid, protein and enzyme in different barley species native in Iran. Iran. J. Agri. Sci. 40: 77-89. (In


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.2.2.5
https://agrobreedjournal.ir/article-1-89-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-21 ]

[ DOR: 20.1001.1.15625540.1391.14.2.2.5 ]

e B e e Sote GV b 50l S (sl g 1"

Persian with English abstract.)

Honty, K., E. Sardi, E. Stefanovits-Banyai and M. Toth. 2008. Frost induced changes in enzyme activities and
carbohydrate content in the spurs of some pear cultivars during the dormancy. Int. J. of Hort. Sci. 14 (1-2): 41-44.

Janda, T., G. Szalai, R. Rios-Gonzalez, O. Veisz and E. Paldi. 2003. Comparative study of frost tolerance and
antioxidant activity in cereals. Plant Sci. 164: 301-306.

Janda. T., G. Szalai, K. Lesko, R. Yordanova, S. Apostol and L. Popova. 2007. Factors contributing to
enhanced freezing tolerance in wheat during frost hardening in the light. Phytochem. 68: 1674—1782.

Jian, L. C., J. H. Li and W. P. Chen. 1999. Cytochemical localization of calcium and Ca”_ATPase activity in
plant cells under chilling stress: A comparative study between the chilling sensitive maize and the chilling
insensitive winter wheat. Plant Cell Physiol. 10: 1061-1071.

Khanna-Chopra, R. and D. S. Selote. 2007. Acclimation to drought stress generates oxidative stress tolerance
in drought-resistant than susceptible wheat cultivar under field conditions. Environ. Exp. Bot. 60: 276-283.

Kranner, I., R. P. Beckett, S. Wornik, M. Zorn and H. W. Pfeifhofer. 2002. Revival of a resurrection plant
correlates with its antioxidants status. Plant J. 31: 13-24.

Limin, A. E. and D. B. Fowler. 1988. Cold hardiness expression in interspecific hybrids and amphiploids of the
Triticeae. Genome. 30: 361-365.

Miller, G. L. 1972. Use of dinitrosalicylic acid reagent for determination of reducing sugars. Anal. Chem. 31:
426-428.

Okuda, T., Y. Matsuda, A. Yamanaka and S. Sagisaka. 1991. Abrupt increase in the level of hydrogen-
peroxide in leaves of winter wheat is caused by cold treatment. Plant Physiol. 97: 1265— 1267.

Pearce, R. S. 1999. Molecular analysis of acclimation to cold. Plant Growth Regul. 29: 47-76.

Scalet, M., R. Federice, M. C. Guido and F. Manes. 1995. Peroxidase activity and polyamine changes in
response to ozon and simulated acid rain in Aleppo pine needles. Environ. Exp. Bot. 35: 417-425.

Singh, N., R. Singh, K. Kulwinder and H. Singh. 1999. Studies of the physico-chemical properties and
polyphenol oxidase activity in seeds from hybrid sunflower (Helianthus annuus) varieties grown in India.
Food Chem. 66: 241-247.

SPSS Inc. 2001. SPSS 11.0 for Windows, USA, Inc. (http://www.spss.com)

Srivalli, B., G. Sharma and R. Khanna-Chopra. 2003. Antioxidative defense system in an upland rice cultivar
subjected to increasing intensity of water stress following by recovery. Physiol. Planta. 119: 503-512.

Vagujfalvi, A., I. Kerepesi, G. Galiba, T. Tischner and J. Sutka. 1999. Frost hardiness depending on
carbohydrate changes during cold acclimation in wheat. Plant Sci. 144: 85-92.

Yadeghari, L. Z., R. Heidari and J. Carapetian. 2008. Cold pretreatment-induced changes in antioxidant
enzyme activities and relative water content and soluble sugars in shoots and roots of soybean seedlings. J.

Biol. Sci. 3(1): 68-73.

VYA


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.2.2.5
https://agrobreedjournal.ir/article-1-89-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-21 ]

[ DOR: 20.1001.1.15625540.1391.14.2.2.5 ]

WY Ol o o)led s slgz Al MOl 1 p e dlona”

Yang, T., L. Zhang, T. Zhang, H. Zhang, S. Xu and L. An. 2005. Transcriptional regulation network of cold-
responsive genes in higher plants. Plant Sci. 169: 987-995.

Yong, Z., T. Hao-Ru and L. Ya. 2008. Variation in antioxidant enzyme activities of two strawberry cultivars
with short-term low temperature stress. World J. Agri. Sci. 4(4): 458—462.

Yordanova, R. Y. and L. P. Popova. 2007. Effect of exogenous treatment with salicylic acid on photosynthetic

activity and antioxidant capacity of chilled wheat plants. Genet. Appl. Plant Physiol. 33(3-4): 155-170.

114


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.2.2.5
https://agrobreedjournal.ir/article-1-89-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-21 ]

[ DOR: 20.1001.1.15625540.1391.14.2.2.5 ]

e B e e Sote GV b 50l S (sl g 1"

Effect of short and long terms cold acclimation on biochemical characteristics

of spring and winter wheat (Triricum aestivum L.) cultivars
Alisoltani, A.l, H. Alizadehz, S. Mahfoozi’ and F. Khayalparast4

ABSTRACT
Alisoltani,A., H. Alizadeh, S. Mahfoozi and F. Khayalparast. 2012. The effect of short and long terms cold acclimation on
biochemical characteristics of spring and winter wheat (Triricum aestivum L.) cultivars. Iranian Journal of Crop Sciences.

14(1):108-120. (In Persian).

To evaluate the effect of short and long term cold acclimation on biochemical characteristics of spring and
winter wheat (Triricum aestivum L.) cultivars, an experiment was conducted in completely randomized design
with three replications in greenhouses of the University of Tehran in 2009. The quantity of some antioxidant
enzymes, reducing sugars, chlorophyll and carotenoids contents in two wheat winter (Norstar) and spring
(Koohdasht) cultivars were measured and recorded, when seedling were acclimated at 3°C for 0, 3, 6, 12, 24
hours and two weeks. Results of LTs, showed that only Norstar winter cultivar was able to tolerate -12°C after
two weeks of cold acclimation. In most cases the activities of enzymes were increased during the short term and
then decreased after long term of cold acclimation. The increase of enzymes in the initial phases of cold
acclimation represented that reactive oxygen species were rapidly detoxified during the short term cold
acclimation. Since chlorophylls are the source of production of reactive oxygen species, the decrease in
chlorophyll content in Norstar showed that this attribute, during cold acclimation, can be involved in freezing
tolerance. In conclusion, results of this experiment indicated that both short-and long-term cold acclimation are
important, however some metabolites are effective during the short term while others are effective during long

term.

Key words: Antioxidant enzymes, Chlorophyll content, Carotenoids and LTs, and Wheat.
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