S0

WA Jlo F ople ) e ¢ ALE 5 5,8 50T
WAV PN F tallie 3L s

WOV Al By b

Lo jow 5 4 0995 r-;J 93 Cwglan oy p

T35 Ko Gliaey dasme o by 1and M Obdazms HLEH ) puae

blﬁ‘ sby\n‘f ‘C,.:J) eJL.)ij bﬁj Q\E.:.Z:r.? éK:.»-l“ sby\:g ﬁ@l) sf}l& éM‘A sww C,.a.-lj 9‘5;‘

B AS>

- e

BER TGNV I NLE S PR PP P oS pl sl Gl mde g e 5 el adeen OBLS 5l (Olea europaea L) O 55

Olpl 53 055 Cotys s WOst) Gose 5 (F o) Gl LW il e w ool gladle jsojls (o8 Caslie b slabes

(Y+ °C) dals (slos 5 =Y+ =10 Vv =0 v O v sbas V 5 me 3l ) (Sladles (55515 5 W po) 0505 o35 35 b IS

6b>UAS>|>QL.".‘.J@LLI..L_L'rl>_u'l;)Laliffﬂ)'\d)bﬂdﬁ‘&bzéwfﬁjlm..L'.:éjf)ljég:&\.w\Yélﬂ)@).ua.z

S sl ) oy o 4 bes By Ll sl QUJ@;L&aLn:@\U(.j)pja;.u‘;;)l}ubjajpé)lz&uﬁ‘,w

b)) ol b alis 5o Sl 20530 0T o 50 dwaddl (85 0l Ol 5 35 3555 (S5t 5 (glaslitle L & 3B =10 sles b

Sled 5l als B s 035 55 Lel sl QLS (g5l sms JalS ol =Y (gles sg0ld 5o IS g Olgme ol (Y °C

el gl G S Sl (55 B s S 5 808 055 85 28 S A Ul el e gl 4020

b G185 (Sand 0ol ST s (IS g ¢ o e 55 O 533 15 lS SladS

58 sl a5 VY eSS les S o Al Jdixe
L olS Sl 5058 3505 kS & s Sla gl Ll 55
5l 26wl .(Larcher, 1970) a3 13 Ldg 5,5
520308 e a2V s slales 03 (S5 & se i
o O Upmams A5 28l Eaol 5 oo 55 0525
Il s S &= (Palliotti and Bongi, 1996) ;2
5 edd OLS slakisl s slayh S o
oS lacend Gaan 4 S 4 sl ol e
sl el 50,8 358 Jshe o (ol @ eden

)J}a.l..i d}l.w Q})b} Q}J.:..» DL ngw.u‘)l...lﬁ dy\:&-\

VRV
0 AVl Ol lae; colus P 33 25d>
w S e A S skl s sl (s
o 53 D55 Sose 5 P00 Sl L Ll cle
T Il B P TR PR N Rt
S Sl el elsd Cpwzmed Cewl 4Bl 5 2.8 Jsens
Ea il o la b Jab s S bl
Palliotti and ) LT cows 5YL CuiS L O3
ainenr OLS dex 3l Oy o> (Bongi, 1996

LispS el ll mls 5 s e bl s s

afshar @ guilan.ac.ir: S5 S Sy S o] fus o 557


www.SID.ir

POl Saslis e 4 Sl b (\YAQ)
Slaoal op 3l eslid b oo 25 4 0535
stles g3 5 Aty by IS il 5 (g el
aan 505 S5 35l bai gl 4 5 ol S Sle ax -0
ladlas bdas o 0L Cuoglis bos g3 cpl s el
¥ ol 4 |y O ol s (144Y) Bongi s Palliotti
g g il 13 ol les 55 me s wtie
w3 o glos (VL slabes 53 515 e LT & s
VR VI N L S CIV v R SR W
bl b «(Yerv) Barranco 5 Gomez-del- Campo
Sheelsl e oobs Gl sy 4 O5n5 @35 )
OLea s Li s S oslil b o 0 o slan Ol e Ll
Croftonweed —alisee rGJ\ S5 85 5 CML. (YerA)

oub gl 25, |, (Eupatorium adenophorum)

Ol gl o 51 ol Rl s> 3 s 355
sl e ol s dadll (65 Olle Olpe oS 5l3
5 alS W, rl.a)l P03 S LSS e
Il 3 Ly s @l o bl acils gl
O35 Soolie Sl (Sl p g Q| S Ry Gane
s U gl uﬁg;;;@;u;»ruﬂ s glin
Ol Slea as Conl Bkl s A5 555 0545
055 Olse o 5 e pspie S sl slooss
Dhism o S 35de aiyp &S
Obss Slyee udls Cle 4 5 el (Sevillana)
(o she el S5 gl e omb
23 0553 o3y (S e e (Frantoio) 4l 3
EEEETEETS IS R R W R P R
055 dgamms 5 Sl LS 51 s ik &0 L8500
YUY buste O Qo plo AS o 5 Jod LG
CohS 5 L3 e (Ao YY BA) s, 5l 28 5 (0 8
Sls g pids ke O e 5 3l ol Sl

Vj) .Ja...u};ﬁk;“jj Lol c.ubj r[;u\ fwa Vj) U’L\

WY Jlo oY ojle ) il ¢ ALE 5 S, 50T Y

o b s el 5 O el 4 e ol
& Sdshe o ol 5 Gy tege O 35S 05l
(Wisniewski e al, 2003) X, &) ol 5l e
o SEE R 4 (S5 m o el eSS
oealsdl (Chen et al, 1975) XLas o Ol Cuwjlis
358 53 d (S n Dse (Pike DS 5 chle
SIPH i 5 Jshe o 8l (b i 60
Lsdpr e Jsbo (535 m e @S dhor
2 g S5 5 b el il (Levitt, 1980)
S35 4 pslan OLS cbadgle s ok 4 s e
050 e (’B)‘ (Burke et al, 1976) Jas . &
Aols b e Ces gslan gl sl
oo pL?u tl.%)l <=zl (Barranco et al., 2005)
sledia Lo Dbl Sl Ol Gl oy i e
S &S Ol e bl 53 0550 Wlons cpl 55 0
315 gl s el el 3 28 Il 53 S 4 0535
Cuslie O g0 calises k_;Lza{\.x.'.l .(Bartolozzi et al., 1999)
b s e Ol s 5l S5 o h L Sl
5 adoy &S als Olis o(Yrer) Mancuso s S
4 St o) o F b 5 Spslie o a al
oS Bl G s 4 bl daes S5 &
4 S p el LS e SIS 55 B e 53 D
oo Sy Gamion wblite iy 5 oL 1) 50
S o Gt 53 0 035,08 bl b p ) el
oo IS L S (a5 Sl bl slad sk
s Sl Sa s 6l e K sl L
oobys  (Pezzarossa, 1985; Denney et al., 1993)
O3 03 (N3 mid 5 shoedsn moly SlapeslSe
Loy S Oldllas 2 o s 8 Sl 055
L JS 0fon 5 Jslme slaad Js chle s 215l
OLES Slws 5 5wl 03 o 0 Glas 3o 850 b s
OLer 5 o35 28 e (Bartolozzi ef al., 1999) Lilssls


www.SID.ir

b 83 4 0555 035 33 Sslle oo

SV A e Aol 5 edd 53 Sad ale D50
A (5 Ll 53 b bl plndl OLe3 B 5 Jizee

il oS ) Ml S s Ol e Gl
Aol e s a8 sy b 035 SKoS 4 Sy et
¥l 53 el e A3 L) Slind o s
4ids V0 Sde s \Feee rpm s Lol S Sl a s
S35 L pas Jsbme sy mlo 5l day i 55 S
e a3 oals JEH (6 S0s s S 4ol anils
g Slrelas 5 Sab Sl loee J3 S, a4 4ids 0
oslil S S5 o bl bl S e
Bradford %5, &by S Ssn e LA
Ose 4 o8 pm sl 5l eslizad Loy (VaVS)
A plol sl

el Gl OsldnST Ol (S5l
Heath s, 3l eslizal b aaddl (g3 0o Oljme jimmin
Sl o S /0 skne s elnil (VA7A) Packer
Jolos 2 o 0 O & 5 03 135 wle 31 L S el
ool L 6lsl Aoy O (TCA) dewl Sl IS 5
4235 V0 e 4y VYoo (rpm) Cs Ll L odkel s 4
5 a3 S o3Il skl Jaloee Ol e 5 gt Sl
/0 sl Aoy Y TCA Jgl=s 31 sl o=
435 YO Sde 4 b ylsee A 635380 O & TBA U)o
G o3 ol Sl S Sl a s Ve s
0 ads 0 Cde gl bdsad e S 5w
o Ol S e3I 5l g 5 5 sk 5L VO + (rpm)
2 MDA chle e gl #rv 5 OV oo Jsb 55 3
el ey 5 s daly

MDA =Ll = [(Asy, — Ago)] x1000

dolee sl o5 5l MDA e a6l 5

MDA ldis culg 5 5 A3 eslisal YOOMM 'em™

A Al 5035 fﬁ)é d)‘ﬁj-ic"’ >

= J..:‘}; szjd\}\f S g0 cJJb.JJ rt}u‘ CUJ ngfi':
Jdims éktﬂ)) Q}I{) .L.'TJ) S S gl J.a\_}o)\ xS
Sl )L@.f Jﬁ‘ﬂ\ E) QL?M) BE (.5 6LALA: Dy 9
Sles ge 4 44 L (Bartolozzi et al., 1999)
Gt B 5 85 5 g 5 ek S5 Coplas
JJJ Jgu.a B v.;) 92 U’L\ Q,.a;Uu BBy L;:j?u U’-’-l
S P s e.\U.:M\C,.Q:,-JSpLEA (._BJUJJ{ Lo s

Dy P e

e g, g olse
oY LS sy b 5 s ol s
s Jo St wpge 4 (818 5 Ul s) O5n3
O A gl Sl VL LS T s islal SUIS b
Aals Lol e 318 5lo amys =Yo 510 Vv =0 o
Slaass Kbl s LS e axys Yoo gles)
2o Jlsl o cpl s ey OIS oKD
Ol prs SLIL (Y0 04) Os 5 Cansev iy, b
Shalle G dWe 7 oslass (35 e 5l asn opl 03 s
gailaie 53 Wly 558 Jld Ogns Sl oKl
Lyl s s ele ¥os 4 i) Ladlg s a8 Loy,
VY50 5w s s b sbes e L wliS
Cer e e B S 8 S Sl e
Jixe (Test Chamber) i, 3Gl & Lo o Lo Jlasl
3o W Jlesl 5 s e gles Ll 5 LS
ol # oo s Lo il b, SSU1 4 Ladlg JUs!
T B A S e ST R |
o Bl 3L sl S Sl axn Ve cell VY S
S Al a3 0 4 sl 4 el Y b s L O
eed le SL s ol s el VY olss 5 dew,
318 sl am s =Y glos & 0w s B les ialS Wy
Ggod el VY (Goy95 ,a OLL 51 e S Jlesl

SaS 0 bk gad 5 058 Sy p0 OLS S 5l g0l


www.SID.ir

=Y U =0 les 315 il ol pme b ol S
Loy sl o3y o bl g pLals b e sk
s SalS e 5 Ad b Ve gl B il
‘):4)\; JZ‘." L.’.j“'”' OL\“§ DL Lc:.tb w ﬁbd L sdalis

.(Zeinali Yadegari et al., 2007) ool odi
s Gl s (L et al., 2008) iy Cilas o
s Fee 3 S50 5o S 0 S gl e
(=5 b > (Santos and Caldeira, 1999) ..l o+
05 5 odd Ol S3dns Sl Jamte OLaLS
s5i o o Bl s sl g ol la
05 g, ke Aol 53) . (Ingram and Bartels, 1996)
el cdl i 5l S el (S b A
Eoxs AL sSllSt e mal s s el s
MLNQBMJJ@MC&Kﬁ&‘fQ@}ﬂ aj:;'-s
Cos Ol 3 Sy, cble [ialS (Millard, 1988)
Coleas IS s S
4> .(Moren et al., 1994; Seel et al., 1992)
W s 4 bw 25 s el Ay ROS
LS o al e badedpal K5 LsS
e Ol ss ol (Halliwell and Gutteridge, 1999)
b\)djb)aMdﬂ.»HbejﬂwjmﬁM
Loy uiil.aﬂ S50 030 55 A 3 LS e s S
@ o 3 3 el B A s S S Sl s
3 olS oS 58 blaaal e Ol 8 e IS JRalS
55 Jems sl Ol Il 4 ps s L pasbs)
hol Baa S 5 DNA LS e ol a5l s
Blg o O Cosled 4 el & S CulBROS (¢l
% (Mundree ef al., 2002) »>55 Aiur (S5 5 oS

oS p clble (el ilsel 5l ey S sl Ol L

WY Jlo oY ojle ) il ¢ ALE 5 S, 50T 3

Sedal cds S sbatised 3l s IS i (ol 5
L Sr Saps (ol S5, 08 S5 Sle conde
53 Ao A sl e Ol 5 4l e ol
W0 ok a ol goslas i Ol i o5l
IS sle a3 ¥ gl o3 (rpm) Yooe s Loaids
s e Olad gaal oslae culg s Al e Sl
(sl pm) ilhe 0w Lalls Ogal L OF o
£ Jsb > Jolou Dl Sl e 3 ekl
oKos 5l eslinad LAY 5 SERIA OV s
O 5 A3 il idals Llaa 5o e gmdy 250l
Ll s, 5l eslinal U S L35 IS ioman b sa Jd50S

(Lichtenthaler, 1994) 4| Cowds 25

Chl.a= (1225 A663A2_2-79 A(,4(,Ag) xV/A
Chl.b= (2150 A(,4(,'g—5.1 A(,(,3'2) x V/A
ChLT= Chl.a + Chl.b

ch A s e 4 Ol o VL Laly; 0 a8
Jebs S Chle A3l e e e Sl e S
Sy S o mn e Sl 3 0S5 Sen e
Al

ST e 5 A2 el SIS 4w b b b3l sads
SAS [l o5 5 Sls Ogal 5l eslizal b ab g e (5 bl
Excel sasly 3l bajlsped ooy glp 235 &)s
L ealiz

:doq_,@l:e’
1JS oS
b3 IS S M (Gl sy 035 53 8 s
dald Hled b oanslis 5o ool pme psb 4 b S
Byl 3 Sl g, () IS el asls OLE ks
o35 53 8 Suli ol b s alie LB el bl

ol gy v gles B0 gles 31 syl UL s


www.SID.ir

b G55 4 0555 035 33 Sslle o

dals Ve Jal

(SEE 805 o35 Y S JS nion Ol iliben gles (slaslegt Bl 31 ) 3

(P<0.05) sl 0 o305 Olis cilisen oy o b oSSls Ogo3l ulul o ls s (glacslis

Bls OLiS Gyl pme 5 Lds a5l OLSL =Y gles
sems bdas e 0L Y S &S b Sles Jb- il L
6> Ol Olpr o 3530 sdalie (03 53 o S
bz 3 OLEL 5 fals )yl 4l g, 570 S|
A4S 5ls 0L b das e 0L ks IRl ol
some O .L.a):()éa.wﬁ @L&})L@‘jv—%) Jalez
Oes 5 Ll buys o] gl baliansls gl
et el gkl 5l Snael s (Yo0A)
Shend O el LTl G O sl ST 0l 53
Jyome S3lsn Lyl d s b Sdpbe Wl S
doe 3o5m 03 e dd (s 3lse e B (S el
el e s Se 5 Jk=le g5, WLROS
Sk slalze & 0f cle 4 (Blokhina et al., 2003)

e 3 S G s S gl s les
Sladshe )3 355 s ol Cuglie 53 Laad e
52olS B 8 15 S s Chel Jlb gla St sl
OSas Sl b s Lpdp bl ol slabes

FRENSSNITR PR [Fe - RN U PYS It

ol e 0 L5 o 2alS ) S Cils Jy5 e
ol sl Sl plaslsle 4 ol GladCsl
SIS DS 5 s s s sl S
S ol ey bt el e 4 0B oL
U g & od 5355058 035 53 (0B Oliee A58
CiS Ol o opl plo el azils aalsl g 5ol gles b
2 A o L sl o8 Yl
ils Lo ju A5 4 S § 5 R OBl 5 sl

el o35 S5lad O 53 25 b ablie slamdilSs

aaddl 63 0Pl Ol je Lrowiew
ywbﬁjgjpéﬂlﬁ): el 63 Ol (gl g
L;lsu C)jw calises 6@)\.&.:5 BEEE axdlles S48 v})
05 MDA §l50 aSg sk 4 «Y ‘_}i.z) sl Olis guls
WjLS‘;ALSJJJJ 47.-).\' jaéuébcbm‘}w&)
BE) sls 6.;',4”\]9\ .U}) L;)\Jg;'.su )}LQ—Y' LQLADU
‘;“.»Lw 4;.-)5—\0}—\' L;LAJ ))MDA ‘_5:'."}’:"‘)3 vj)
23 sl dals sles b ogols pre Doules ol S


www.SID.ir

WV

%\ u L.'\'I‘-'u"" n a"..‘.';'”.‘l‘.'laJ

)

- | i

]

q

:‘;, A

~~

Ik R
Byl O C

il k! N
i Lo L] ;' |
L w [k -

ol 5 T | (S e ¥
p 2 g L =§
‘F: el Y » 1 " 1 "]

s . 4 " ]

9 " . ] e

L » v -

,,,,, . i ™~ i . i I

Y Jlo oY o)led o) dler ( aLE 5 S8 5 0T s

dals Ve o

SSEt Kk 055 WY S, 2T (63 8P Olome 5 ilises gles bl Jolize j1-Y K3

(P<0.05) sl s o313 B iliie oy L oSSl Og03T ald o ls e sl slis

1S s pS gl e
e B Rl S el bl bl
O JS JsAS s Jes s a fds s shle gl
jY‘TJi,:)J..';oJALL«wUm;)fQﬂ)'VBJJ;
S 0l S sl s Ve slos ST e 35 0.0
(5 05 Ll o> J xS Ol b amglas > (5503 sns
SN0 5 N 0 slalis s S AEedalie (sl
ol JaS QLS 4l 5o S S Ol
cos (Lactuca sativa L) oLS 3 wlis LR
35 )3 3o 5 (Giannakoula er al., 2006) b . =5
PSS e Ols Skl olals L5 5 053 =3
Manivannan et al., 2007).& odalie u‘iT
.(Guerfel et al., 2009;

ols a3 g B LS 3 (g st glee S5,
Cows b sa LIS o3 A Aol sdge s Il
Ll el e gl e
sk Olea (Farooq et al., 2009; Anjum et al., 2011)

Odd Lt bl o ool L 5 S s &S

b oo adgl Oleler 5o 05081 Cdar (i 53l
e a8 ST (63 s 2 a8 s s, YL
Olior (S35l 155 ko bl G (555
35 g Sy OS] a5 4y VL kS
(McKersie et al., 1988; McKersie, 1991; Hausladen., 1994)

did L5 o 5 Sl (53 Sl 0 enST S Sy 5
ol A5 IS el S 1 L3t o bl 5
;)_.Zv_aL.i.éﬁ.l_éUCMifﬁj@ﬂC;JL}gﬂ
4> 5 L .(Kaniuga et al., 1979; Taylor et al., 1979)
Olﬂdw\y#l{}&bﬂwlj\&ul}@uy
g gp s A5 et ls S el (0 05l
Somby gled 53 Bl v & ol 555503 055 53
A3 G OF o e omlels GLSU l
Gl 5 Ceslie G B il 5 5y aS b S
cble ey o Ol s Gl e R o (g iy
ool LAl Bl s o35 S 1 55 YL MDA

S e 0Ll 1y yslass]


www.SID.ir

Lnﬁu;;;yo}u_;v%}:u}wwjj

9. a
g Ve b ab ab
, a
< . b b b
: | I
w
‘;I‘ AR l-z"'\_,».,.
'1) Ve oo |
3, N
3, Te aw
]
Lo
)
'D‘ I
dals - -
(SEx . KLa)osm) (Y S pa Jbg S Ol il plos glagles i 51 -1 IS5
(P<0.05) canel 0l 0313 OLES ilises Gy > b Sl 03 3T bl 5 Jls ims (glacs slis
o -
A, a L JE
'l
o Foee 4 ab ab ab ab poppy
\\,?: Teoas bC
.3‘
‘) Yo oo
1, de
3,
)
Yooon |
4
dal i = -
(SEE o Kila)0sns o35 ¥ S pb Js IS Ol ks plos (slajled Jolise S ¥ JSC2
(P<0.05) cousl o o315 DL ilises g > L SSls d}ﬂ)l ol ol e slac sl
A a
A, = oo
j'; Ve o 'c% % mm % é %
a, a1 I I 2
@ Ae A I
\\,?‘ ¥,
w0 P L JEI
1
oyl
N o
%, -
) v. |
4
dall

— —Y.

(SEE . Kile) 0545 $ Y S S s S Olpe p Aiie plos sbajley Jilize 51 -0 JSo

(P<0.05) Sl ol a3ls 0L Cillisen oy o U 5515 Og3T il s _sne slacslis


www.SID.ir

5o b hash &S AS e oyl Osuy olalS 4 s

25 Al 1 Gl e

JEPKLE
ol a o3 ly A5 SlEe 3 035 5 Loy blize Sl o)
Loy s s 2 2550 055 o35 33 Soeglie (godins DL
S35l 3l iU el 5l S sl am s v gles b
5ok g5 ol S il a3 =0 gles 51 W s 055 3
55 bl dss 58 Sl orps -V sles
B ey A LTS U FS VNS PSP
oS Sk OS5 s JS S e
O 3 B a8 ol sdins 0L 815 (35 s
el Lo 125 Coed (S 5 085 4 Cod 55l
slie 5 Bl 35 5o 5 L MDA ke
o Ol 1 slest conl glawlis wals Ol L
o ALS Olgie 0 Ou3 aSepl 2525 b cnl oo Ldas
2B g5 plyl 5l S el 3 pd e el (5 e S
oS Gl s bl oSl glales Jeiia
ol bl D o35 b angliel s sl
5 8 S8 S amt Ol a0l g RS 55l
o2 S el gl GRS 4 S Al
Sl s L oS ble s boye 5l 36 Ol s
335503 e Sl el o151 018 o ke a5
(B Jos 45 5,5 0Ly 0155 oo < saman 53 55 salinad
G e S ) 5 e Sl Lo 4 o
Fe Aol s o8 sl a0 gl U e

LS o oo

ol 5 J35 IS il 5l (S0l L 05 pB)
gle s opsle) SLEL asle 4l (b sl
APYINRA Y (55 ,LiS

WY Jl oY ojle o) il ¢ ALE 5 S, 5T A

@ e Gyt gt 0 S WD (go ey A Sl
3wl slanSt conl cl (Sas & a2 ROS LS55
Gl b 25 s S 4 Slesl ol 3 S
Lalis ol 5l Sdas o 0L 1 polaast s
Gl b p e IS s IS sa by IS Las rals
Gulil &b IS gl gme 2als (144Y) Ashworth
G 53 Sl Saw 5 03y gildS] S el
JsAS e 5o el gamS o by Jis IS o
U’l\ @L‘b J.J:L» LQJ?»‘)SM.; @u& )L}L«.«JM‘L&]JM
Coslite 05, 52058 g LS as ol QL G
sl Q.«w.v V-;) 92 CJ}U.“..A %":"_9"5 “ Jul_,.?& LY S
AS gt s Lo S 4 S |y olS
b olS 5 Sl e o
Slew Bl o8, Yl .(Bryant et al., 1983)

Sy A S i

boawslas 55 g5 pL?u JPrtr L;Law&a O34 1yl
Sl B 3B 65 Gal glales B s o35
Fontanazza (glasdlae b .ol o35 555 Jds IS
S S Olieny slos 2alS L oS 55 55055 (V4A)
Osu) Ot ys ales gl isn ol S mle ax s -V
Ol Sl 58 i el sline Sl s 4 Al 5 e
Lyl s s wlpde 8 0blS s &8 cul ol

R Wy BT T UL R P ENO
Al e A smsm e 5 el &5 6h 58 (Solssk
oS sl SRl s glagss o3 ( SALIs5L l e
Oliveira > 35 o g alS LAl Col ol en
OLer 5 eoly S o (and Penuelas, 2000)

mbfd:ll.w axys v gl a5 WS u:)\jf {(YYAQ)

:c\.‘a

c;.,.w..v o.»l.v K] O c&bl.q}.&\ ‘.t &;.:.A ) cabb' LI:S V,:,,,

P03 Lo s Sl Ol SL51 (WWAQ) Lo


www.SID.ir

Lo pos 25 45 O35 (35 55 Cweslie gy

at chilling temperatures on the function of the
photosynthetic apparatus under high and low
irradiance in leaves of lettuce (Lactuca sativa
L.), Proceedings of the 5th WSEAS
International Conference on Environment,
Ecosystems and Development, Venice, Italy.

Gomez-del- Campo, M. and Barranco, D. (2007)
Field evaluation of frost tolerance in 10 olive
cultivars. Plant Genetics Resours 3: 385-390.

Guerfel, M., Boujnah, D. and Zarrouk, M. (2009)
Photosynthesis parameters and activities of
enzymes of oxidative stress in two young
‘Chemlali’ and ‘Chetoui’ olive trees under water
deficit. Photosynthetica 47: 340-346.

Guerfel, M., Baccouri, O., Boujnah, D., Chaibi, W.,
and Zarrouk, M. (2009) Impacts of water stress
on gas exchange, water relations, chlorophyll
content and leaf structure in the two main
Tunisian olive (Olea europaea L.) cultivars.
Science Horticulturae 119: 257-263.

Halliwell, B. and Gutteridge, J.M.C. (1999) Free
Radicals in Biology and Medicine, 3rd edition.
Oxford University Press, Oxford, 936 p.

Hausladen, A. and Alscher, R. G. (1994) Cold-
hardiness-specific ~ glutathione  reductase
isozymes in red spruce. Thermal dependence of
kinetic parameters and possible regulatory
mechanisms. Plant Physiology 105: 215-223.

Heath, R.L. and Packer, L. (1969).
Photoperoxidation in isolated * chloroplast.I
Kinetics and stochiometry of fatty acid
peroxidation. Archves of. Biochemistry and
Biophysics. 125:189- 198.

Ingram, J. and Bartels, D. (1996). The molecular
basis of dehydration tolerance in plants. Annual
Review of Plant Physiology 47: 377-403.

Kaniuga, Z., Zabek, J.cand Michalski, W. P. (1979)
Photosynthetic apparatus in chilling sensitive
plants. VL. Cold and dark induced change in
superoxide dismutase activity in relation to
loose la bound manganese content. Planta 145:
145-150.

Larcher, W. (1970) Okophysiologie der Pflanzen.
Oecologia Plantarum 5: 267-286.

Levit, J. (1980) Response of plant to environmental
stress; chilling, freezing a hightemperatures. 2nd
ed. Vol. 1. Academic, New York.520.

Levitt, J. (1980) Response of plants to
environmental stress, Vol. 1, 2nd edn. New
York: Academic Press.

Li, H., Qiang, S. and Qian, Y. (2008) Physiological
response of different croftonweed (Eupatorium
adenophorum) populations to low temperature.
Weed Science 56:196-202.

Lichtenthaler, K.H. (1994) Chlorophyll and
carotenoids  pigments of  photosynthetic

Anjum, S. A, Xie, X., Wang, L., Saleem, M. F.,
Man, C. and Lei, W. (2011) Morphological,
physiological and biochemical responses of
plants to drought stress. African Journal of
Agricultural Research 6: 2026-2032.

Ashworth, E.N. (1993) Deep supercooling in
woody plant tissues. In: li, ph and christersson, 1
(eds. Boca Raton, F.L.) 203-213. Advances in
Plant Cold Hardiness: CRC Press, Boca Raton,
pp 203-213.

Barranco, D., Ruiz, N., and Gomez-del Campo, M.
(2005) Frost tolerance of eight olive cultivars.
Horticultural Sciences 40: 558-560.

Bartolozzi, F. and . Fontanazza, G. (1999)
Assessment of frost tolerance in olive (Olea
europaea LJ). Science Horticulturae -
Amsterdam 81: 309-319.

Blokhina, O., Virolainen, E. and Fagerstedt, K.V.,
2003. Antioxidants, oxidative damage and
oxygen deprivation stress: a review. Annual
Biochemistry91: 179-194.

Bradford, M.M. (1976). A rapid and sensitive
method for the quantitation of microgram of
protein utilizing of protein— day binding.
Annual Biochemistry 72: 248-54.

Bryant, J.P., Chapin, F.S. and Klein, D.R. (1983)
Carbon/nutrient balance of boreal plants in
relation to vertebrate herbivore. Oikos 40: 357-368.

Burke, M. J., Gusta, L.V., Quamme. H. A., Weiser.
C.J., and Li, P. H. (1976) Freezing and injury in
plants. Annual Review of Plant Physiology 27:
507-528.

Cansev, A., Gulen Hand Eris, A. (2009) Cold-
hardiness ofolive (Olea europaea L.) cultivars in
cold-acclimated and non-acclimated stages:
seasonal alteration of antioxidative enzymes and
dehydrin-like proteins. Journal of Agricultural
Science 147: 51-61

Chen, P., Li, P.H. and Weiser, C.J. (1975) Induction
of frost hardiness in red-osiler dogwood stems
by water stress. Horticultural Sciences 10: 372-374.

Denney, J.O., Martin, G.C., Kammereck, R.,
Ketchie, D.O., Connell, J.H., Krueger. W.H.,
Osgood, J.W., Sibbett, G.S. and Nour, G.A.
(1993) Some olives show damage; many,
coldhardiness. California Agriculture 47: 2—12.

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D.
AND Basra, S.M.A. (2009) Plant drought stress:
effects, mechanisms and management.
Agronomy for Sustainable Development 29:
185-212.

Fontanazza, G. (1986) Rinnovamento dell olivi coltura.
Colita da freddo: orientamenti tecnici-In L olivo
dopo la gelata. Science Horticulturae Amsterdam.
81: 309-319.

Giannakoula, A., Ilias I., Papastergiou, A. and
Hatzigaidas. (2006) The effects of development


www.SID.ir

Oliveira, G. and Penuelas, J. (2000) Comparative
photochemical and phenomorphological
responses towinter stress of an evergreen
(Quercus ilex L.) and a semi-deciduous (Cistus
albidus L.) Mediterranean woody species. Acta
Oecologica 21: 97-107.

Palliotti, A. and Bongi, G. (1996) Freezing injury in
the olive leaf and effects of mefluidide
treatment. Journal of American Society for
Horticultural Science 71:57-63.

Pezzarossa, B. (1985) Danni da freddo all’olivo nei
vivai del pesciantino. Rivista di Frutticoltura 8:
68-70.

Santos, C.V. and Caldeira, G. (1999) Comparative
responses of Helianthus annuus plants and calli
exposed to NaCl. I. Growth rate and osmotic
adjustment in intact plants and calli. Journal of
Plant Physiology 155: 769-777.

Seel, W. E., Hendry, G. A. F. and Lee, J. A. (1992)
The combined effect of desiccation and
irradiance on mosses from xeric and hydric
habitats. Journal of Experimental Botany 43:
1023-1030.

Taylor, A. O., Slack, C. R. and McPherson, H. G
(1979) Plant under climatic stress.VI. chilling
and light effects on photosynthetic enzymes of
sorghum and maize. Plant Physiology 54: 696-701.

Wisniewski, M., Carole, B. and Gusta, L.V. (2003)
An overview of cold hardiness in woody plants:
seeing the forest through the trees. Horticultural
Science 38: 952-959.

Zeinali Yadegari, L., Heidari, R. and Carapetian, J.
(2007) The Tnfluence of cold acclimatiom on
proline, malondialdehyde (9IMDA), total protein
and pigments in soybean (glycine max)
seedlings. Journal of Biological Sciences 7:
1436-1441.

WY Jl oY ojle o) il ¢ ALE 5 S, 5T \e

biomembrances. Methods in Enzymology. 148:
350-382

Mancuso, S. (2000) Electrical resistance in olive
tree. Plant Cell and Environment 23: 291-299

Manivannan, P., Jaleel, C. A., Sankar, B.,
Kishorekumar, A., Somasundaram, R., Alagu
Lakshmanan ,G. M. and Panneerselvam, R.
(2007). Growth, biochemical modifications and
proline metabolism in Helianthus annuus L. as
induced by drought stress. Colloids Surf. B:
Biointerfaces 59: 141-149.

McKersie, B.D. (1991) The role of oxygen free
radicals in mediating freezing and desiccation
stress in plants. In: activ oxygen/oxidative stress
and plant metabolism. (Eds. Pell, E. and Steffen,
K.) 107-118.< American Society of Plant
Physiology:

McKersie, B.D., Senaratna, T., Walter, M.A.,
Kendall, E.J: and Hetherington, P.R. (1988)
Deterioration of membranes during aging in
plants: Evidence of free radical mediation. In:
Senescence and Aging in Plants (Eds L.D.
Nooden and A.C. Leopold). 441-464. Academic
Press.

Millard, P. (1988) The accumulation and storage of
nitrogen by herbaceous plants. Plant Cell and
Environment 11:1-8.

Moran, J.F., Becana, M., Iturbe-Ormaetxe, 1.,
Frechilla, S., Klucas, R.V. and Aparicio-Tejo, P.
(1994). Drought induces oxidative stress in pea
plants. Planta 194: 346-352.

Mundree, S.G., Baker, B., Mowla, S., Peters, S.,
Marais, S., Willigen, C.V., Govender, K.,
Maredza, A., Muyanga, S., Farrant, J.M. and
Thomson, J.A. (2002) Physiological and
molecular insights into drought tolerance.
African Journal of Biotechnoly 1: 28-38.


www.SID.ir

W Lo pos 25 45 O35 (35 55 Cweslie gy

The impact of cold stress on two olive cultivars

"Mansour Afshar Mohammadian, !Shiva Rezaei and "Mohammd Ramezani Malekroudi
! Department of Biology, Faculty of Sciences, University of Guilan, Guilan, Iran
2 Olive Research Station, Rudbar, Guilan, Rasht, Iran
*Corresponding Author: afshar @guilan.ac.ir

Abstract:

Olive (Olea europaea L.) is an evergreen tree traditionally cultivated in the Mediterranean area,
relativelytolerant to salinity and drought conditions. However, olive trees are not so resistant to low
temperatures. In recent years, because of high demands for olive oil and its fruit, the cultivation of olive trees has
been widly spread in Iran. Different cultivars of olives show diverse reactions to cold stress and so, the selection
of cold resistant cultivars is the most effective method to avoid frost damages. In order to compare the impact of
cold stress on the content of total protein, lipid peroxidation and photosynthetic pigments, one-years old olive
cultivars of Sevillana and Frantoio, were exposed to low temperatures of 10, 5, 0, -5, -10, -15, -20 and the control
to 20 °C for 12 h. The results indicated that both cultivars were resistant to 0 °C temperature with no adverse
effects. The photosynthetic pigments of Frantoio did not change even at -15 °C and malondialdehyde levels were
slightly increased compared with the control (20 °C). Total protein content in Frantoio showed significant
decrease below -10 °C, while in Sevillana cultivar there was significant decline of total protein content from -5
°C. Therefore, it could be concluded that the Frantoio cultivar was more resistant to cold stress than Sevillana.

Keywords: cold stress, lipid peroxidation, olive, pigment, protein.
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