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Effect of iron application on enzymatic activity, grain yield and oil content of
safflower under water deficit conditions
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Table 1. Physical and chemical properties of soil in experiment site

S Gas Sossm B e s T Sl Pl e L i
Soil depth Sl sl PR N Mn Cu Zn Fe K (Ava.) P (Ava.)
(cm) Soil texture pH (%) mg kg’
0-30 Loam .4 7.7 0.089 14 2.6 2.4 2.8 320 16
30-60 Loam-clay . - . 7.7 0.062 7.8 1.4 0.5 2.4 260 5

N5 e 5 3 oleT Slmloms plail 5 glaie 4 i 0L
La p Slse A lie .5 o5lizwl SAS (g, LT
s Jaw s LSMEANS 5, 5l esliul Ly 3
A5 plowi| PDIFF
ATl Ol OT 558 25 SV
5 S O ae Sl e 5 ls e VG
2513 (e 5 LT i 515 pT 0357 5
O e b 525 hle3T pl s bl (Y Jgar)
SYBI 0 55T Ol 53 6513 (gime 5B o oaT o
o e (P Jgds) Coslsy Slas g Ll 5 s
2 S 25 Ll a s YGIST g 5T e Ol e
ju\AT@JQyTC)%‘)&)Jr;%O' b
AL Lol T e (S iy s O e
S il s £ VG 3T Bl
Cdlad Oljae pelaws o 5 ply 4570l Ol Jolize ol 1
J e e @ Suis A5 Lol 8 5o VB o 5T
ols 158 (M i) el ils Gl OT 3L
el &S0 YU asle plae 15T s &8 Sl
Mittler, ) A5l oo s51dnST 25 ol 53 4l L8 5L
555 e g 15 OLLE 5 8T 55082002
VBT d5le pastin (sla o 5T Clad S 055 o0
uﬁ)_;TO_iHJ_i,'..x_M@Jm{}:sb;\w\ﬁj
Slros S Olse a5 i o by 2T (1
il (ALS e plie 53 15 Slos s (285 0&Siimms
B4 e opl sl (Bannister et al., 1987) 4uS” s
S 53 AT IS 0 S S 00 5 e 45 sy oo

b el _§M> S o e 3 s g Sl S sl

£oo

Olnd ™ ST Sl 3T cudlad gisminw
5SS By 4 VUK 5T b o
% 5 & ploil (Cakmak and Horst, 1991) Cuw ) g
YFe gz dsb yo il Sials L5 ST OT
a5 7Sl oS sl el Ly e gl
I3l 4 5 ok plnil (UV-1601PC-Shimadzu-Japan)
3 8 0l e 5T ke 53 o555 05 e 2
L PN UPUNER ESCH N JUSPIPRIGR[I JUEP
T Sl s Ol 5 055 55 4dds 5o s
LT 3 IS0 5, Sl ealitl b IS, &by ST
O gl ST 3o b 5l «(Nakano and Asada, 1981)
53 b Sl ol8s 3l aslial Ly by sSuT
LS ad 8 o5l gl YA 25 ady b
Cdlad s gy ol an 4ds O (b s o falS
OLLSen 5 GLS gy b S8y o 55T
2 oo 3T b .28 8 plonil (Ghanati et al., 2002)
Sl D)o 5 5 IS e gL TV e b
b Oy s 55 s 05 e 4 i e
S By Al 1S o Ly 2l
SR el 58T Ty 53 IS
=T oml Sl Ol 2L FY e Sl s
3 8 0l o 05 (et S 5 b
AST) 3 g V'i;’_;T < .(Ghanati et al., 2002)
o0 3 e Sl Sy b 56 s
3 ode wlal s 9 (Giannopolitis and Ries, 1977)
s Sloslinl Ly e gl 504 5 oy b
S o Sl Al E 1S e g Sl

505803 a3 55 g 0 S e e Dl i


www.sid.ir

s Slas (oa 5T b s 8T o jeze 51"

Aals Hlad 4y Sl a8k oo 531 SIS J3
ol Ao 53 V4V s g (T ST 5 e o)
gl VL 55 LT g O Lol 55 2l
32 53 Y (3l I e 5l 53 0 5T ol Sl
Voo Coyn U OT 5l e 5 s T S 0T O
b o o 2 S s 8T ST p S S
Vw-_;Tc,_gl&é (¥ J s
b gl d Gl i S g Sl GlasT e
e ST 55 ST s Ll 5 s 0,81 sl
|~ «(Thipyapong et al., 2004) 4_S" s R
5035 Jua les GRS 5o SIS By o 5T
O3S LS s By IS Jdy e
OS5 51 (65 55 s 588 ¢ S 55 50

~ (Trebst and Depka, 1995) 555 s (dhwdly

".'.lg b

>) &

O pan &y o 5 4 ol lST ks el
i S LS 53 e T oSS 0 S ST
el Pla> 5 asl asls K oS ol bl
oot OT 35S 205 Loyl 5 4 oL Cnsli 3 g
sl
S5 T IS (O 5 a8 i 13l
Ol e s 0 T NS 55 O 39eS 25 Joslize
D) Sl (6ol g i1 SISy o 5T lad
Ol 2T O 5 (S o blae 1 ob5,0 (Y
55 5T ST Sl 53V il Jylos Hlas &S sl
Cdlad Ol Rl 3l sl 0T 05087 (25 Lyl 5
slin 53 e ol &8 g5k ki SISy 0 5T
O man s s OT L (3 Jsdoe sLad Ly
g Y VO ssd > 5 S a o aT IS
LS 5 (6 sl (P Jsds) Sl arils 253l
Cdlas Ol e S W3 ST 315 (Ranieri et al., 2001)
sl a1 s Sl ST slag Tl
o T 5 s 8T Wb lde Jglos 53 013 KolsT
Ol ol e LS 055 4S5l

Slaw 5T p S age OB 55 5505 0L 015 oo

¢o1\

AT 5508 i 50 3logesl ) Ol gl
S Jolime s ol e (B s (S0 )
T Sl O T ST 5 OT 35S
(Y o) 55 Sls i STl Sy ST
)L:Qajspfj_l:f\“ Ol s a5 2T SN 5 e
Ol e S0 (St (25 09 Bl 50
Ol e bl SIS by ST o 5T b
Voo slas 3 SISy by SeaT o 5T el
RS s Ll a5 LS s AT oS 0 S
5 52T NS O e plle (gl jlas 4 o ¢ ST
Logdeoyn V020 Cujacol b ol J sl
oAT IS O ze o aT ST (5 e ps
Dt e 5T L 3l Jsloms ¢ USG5 p 5 AAS
(st 25 LB s S 53 AT OIS 0 LS
scalicnn 5T | Clad o o ity 5 5 4
Ishikawa et ) o1, Kan 515" ol (¥ Jouo) w5 S
O e Al 35S &S Wles ST 5,15 @l 1993
(95 5 ISy Sy ST ol ST talS
Radtke ) O ,LSan 5 455515 .3 58 o WS 5l &Sl
S S ol slad ghu &5 Lsls 3,15 55 (et al., 1992
e Vot g 53 Sl el s T g8
lad shoe S35 (il gai 035500 LS| SV 5o
055548 Aol 0 Cond (T (BTl 1l
4S vy oo b A ol Ly sl Ol e 3
Sl ST e Ilad Ol s e s 3 aT (Sl 3
@u@@;p.wgdgu@yﬁ\,jlw\ﬁ
O e 45 Ay oo b3 s ol 2 lesT 1 Lol
Lol (St 5 ) 53 sl EAS S
2 sher T ) Sdled Ol 258
52T 35S GES il (8 (b o 5T
o2 5T b Ol 6T o bl 1 5 oaT 23S
0L s (Y Jgir) 3 13 gmn Sl 5
S 55 o aT OIS 0 kS Ve r 5 a8 5l
b 2 PT Sl Ol (DT 35S 55 Ll )


www.sid.ir

WA 5ol O oled s sl 01yl (8155 p sl

oS 9 by oslbe Lyl h s ambls dils 2,
S S s an T ONST O s St
3 5 wls ey s ails s Shas il coge S
DS 53 2T S S S0 (glasles o ot
S5 K ls s Slae 0T 38 53) BL Jylows
SOFF/A i 4 o 5 o S 25 Ll a s
poe slas L alie 55 )L y3 0,8 4 LS00
Loyl i ol ps Ao a dsls il 5l oaT o s
Sl e DMl il 5 Shas Llod 15l 93 Ol
1O+ 5 me 5 58 53 Y (AL Jplus s S odalin
Eel o o 5 5L s T O S US
Sles ya sl 5, S (gl n Yo/¥ 5 YV/F 2ol
33 aneS (Lo S e Lts 8 AT 05k
3ot L o paang S olie 35S (gl)ls glaeSls
o) 3 (OMe wsle GBS 5 Jguams 5 Shas
13 5 gl e QL alE

e ..GJJLS‘ A4
loe—uw » 5 .(Malakouti, 2007) C—ul 63 5 of o
Fe- S (5 ,mm0 &S 31> 31§ (Wiersma, 2005)
Al e 3L e 4o (VWA o 2 sSC) EDDHA
..\.A:uiil)_élli}_.ﬂ):\)d.sbsjgleé)\)j))lf
5 (Ziaeian and Malakoti, 1998) 53Xk 5 OlsLs
0ot S ps Sl e S Wos S 2F
@QQJSQ.X&SJAW)}Q%”)‘&TL;.&A
Cte ok pm ) 05 5 3pd oo 415 5 Shes ol 5
9 1K 2 ) e e Shes 2l 53l 55 g5 5 T
UA._}'J@.\J_&JJJJB- &LA)T)J RGN 03 42 o
S 3 8T OUS 0,8 S0 5 e o ST
)\_;<A)>¢,fjxgv~v)|@@\,my,,;ﬁw
&gt},“uﬁ\p\&quc,\p,uﬁ:@gﬁg
)J‘)&))JA&F‘HT}\}J)JY&HJW
SLSVYA SANA ,\.\_a,.gwgcwo)ug Ll s
ST (5 Jglone (sla)les b amglin 53 LSS 530 8
&\@up@j}\{.;\:ﬁ\}éh&a"\'@f@ar.uj
23 AT ONS Co yuze oS il Sl Ol 5 on Gaiios

Lov

OV s Oy A ST sl ST s
sl sl 5T GlaSTy Sl KT 5 5lasT,
Azar 2T 2

2 =T Il Ol 5o 236 g A1 5 g
Sl (Sis A5 gl 55 56 a3 donST| g
O Jolize 3y raT SOST S1Csls (gl e
Y Jsdz) 390 4l gme 5 8T OIS 55 OT 558
T 35S 25 Ll 2 5o (o 5T ol Sl o i
sdalie LSS 53 AT S S S Ve U5 jan b
Al glajled e i S )b e s
a0 (OTL (2L sbeny (AT 5 e pte)
o 9 (W Jad) Cls il 30 o ys FA 5 YY (s 5
Oy Loyl 353 o 5T gl llad mbaws o 22 0T
AL IS 58058 (S s sl b )T ok
4 OLALS o (1o b s> eS|y g 25 5
S ol Sl ST 25 o 53 T 55
ol ol 5,158 (3L 5 Oliioen Lo 5 3 50 (o
aS Ao edalie isle)T 55 .(McKersie et al., 2000)
Vel Sl JLSs 3 0SS Ol
e 53 0 S LS Fr (55 Sy p 8 US
FECONCH PUVSE-C T GTCS SENVICHT J
S s g (Slags 5T Cdlad O el STelS
0555 8 5 (CAT) ;YL_515(SOD) b ya—s >
)3 FA 578 M s 4 (GPX) jluSTT
22 55 B 5T 0l Sl Ole o 2823 1 )
Sy (8555 slasled O3 s O5) dals Hlas
4S A s b5 4 (Rahimizadeh et al., 2007) LT
ol 53 LS 2 AT S S AS N e O s
2T E b Ol e sl el G
a5 kbl e (St (55 (b U e 348 5
SEE S E s 5Tl Sl Ol )
S5 eildlST A8 Ol galS Cose Ll g e

50T NS (i i ied ey g 410 8 Shes
S 3 615 5 Sas 6lssme T i S


www.sid.ir

..... 3 Slas (oo 3T b s T o e 31"

éﬁ.ﬁ-ui;}j&TQ%;J{}uf\a'-;bfmL;La)\“.;):dijj,\?:\ﬂ:O,&)Jj:ﬁbsjgwc;Jl:jua;'-l.'zch.\:M;\dﬁTL;lAﬁJ'STC.:ﬂaéwdlwb«ikd—Ydju\q-

Table 2. Analysis of variance for antioxidant enzymes activity, harvest index, grain and oil yield of safflower in soil and foliar application of Fe and drought stress treatments

MS) & e Sk

35T e o Byl ST Sy ST ST S ST 36 ams > ATl s s s Slos 355 e Cals y asls

S.0.V e ol d.f CAT APX PPO POX SOD Grain yield Oil yield Harvest index
Replication (R) <S5 3 2.67 13.271 0.119 0.195 1967.763 7492.244 414.949 2.607
Drought Stress (A) S i 1 4.584* 1573.312%* 0.349%* 18.329%** 58159* 6221688** 76688** 12.870™
Error a () s 3 0.278 13.075 0.0049 0.168 1757.337 7498.1 485.083 1.819
Fe (B) AT s 7 84.764** 285.717** 7.398** 18.982%** 27090** 253791** 142218** 9.083**
AxB T oS x s 7 211.633** 752.529%* 5.255%* 62.702%* 3335%* 622949** 740302%* 7.915%*
Error b (o) b 42 0.999 18.837 0.042 0.155 3043.22 19063.16 2151.902 1.4007
C.V(%) [ ) - 6.844 9.532 7.154 5.982 14.941 4.556 4.596 5.252

ns : Not significant S5 gms 6118

* and ** : Significant at 5% and 1% probability levels, respectively 103 G 5 g dlal b 53 Jls ae o5 4 FH G

L OA
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Table 3. Mean comparison of antioxidant enzymes activity, harvest index, grain and oil yield of safflower and interaction effect of soil and foliar application of

Fexdrought stress treatments

SYes ISy Sl ST ST s ST
LT slayles AT sl ls CAT APX PPO POX
Irrigation treatments Fe treatments (AA. mg 'protein. min ") (AA. mg 'protein. min")  (AA. mg 'protein .min ')  (AA. mg 'protein .min ")
ol s 05t S e
Without irrigation withholding Soil application (kg.ha™)
0 16.67b 45.78b 3.65b 10.60a
50 16.98b 42.70bc 2.95¢ 10.36a
100 5.50d 57.20a 3.44b 9.312b
150 16.26b 28.57d 1.26e 3.05¢
S 2 pae
Foliar application (mg. 1I™")
0 26.86a 27.76d l4le 2.52e
1 16.46b 43.06bc 2.14d 5.72d
2 5.74d 38.98¢c 5.37a 7.65¢
3 10.23¢ 40.50bc 2.08d 7.71c
g = Sk e
Irrigation withholding at flowering stage Soil application (kg.ha'l)
0 19.50ab 62.89a 2.37e 4.28¢
50 21.18a 55.52ab 2.71cd 291f
100 13.80c 35.68¢ 491a 5.82d
150 10.26d 62.06a 1.27f 2.86f
S 2 pae
Foliar application (mg. ™)
0 6.44¢ 58.63ab 4.27b 8.60b
1 14.55¢ 52.21b 2.64d 12.63a
2 19.00b 50.69b 2.88¢c 6.57c
3 14.23¢ 26.19d 2.44e 4.68¢

R R S S Jlez| ck-ﬂ 3 LSMEANS 055057 olal s ez 57 2ie Cog > glyls oS L;lL“’u‘i‘L‘ bl s c]am A
Means in each irrigation treatment, followed by similar letter(s) are not significantly different at 5% probability level, using LSMEANS Test
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Table 3. Continued

bl lasles AT sleles 3B o> LSy s s Shes 538 hee Sl e ls
Irrigation treatments Fe treatments SOD Grain yield Oil yield Harvest index
(AA. mg 'protein. min ") (kg. ha™ (kg. ha™") (%)
ol dlsd 0y S s
Without irrigation withholding Soil application (kg.ha™)
0 508.97a 3624.4ab 970.5¢ 22.1ab
50 333.89bc 3110.9¢ 788.9¢ 23.2ab
100 304.41bc 2825.4¢c 762.6¢ 23.4ab
150 316.63bc 3731.3a 980.4c 22.6b
S 2 s
Foliar application (mg. ")
0 381.02b 3101.0¢c 890.8d 21.8b
1 319.56bc 3444.4b 829.6ed 24.8a
2 285.000c 3765.7a 1699.6a 22.3b
3 262.96¢ 3113.4c 1427.4b 22.4b
A A e T (s S
Irrigation withholding at flowering stage Soil application (kg.ha™)
0 420.09b¢ 2631.6¢ 1133.2¢ 20.7¢
50 405.43bcd 3176.5a 1440.2a 18.8d
100 555.29a 2719.7¢ 786.2d 24.5a
150 320.56¢cd 2457.9d 1130.7¢ 22.5b
S 2 pae
Foliar application (mg. I"")
0 371.85bed 2855.2b 1310.2b 20.8¢
1 352.58¢cd 3133.6a 829.8d 22.6b
2 463.26b 2332.3d 551.7f 23.6ab
3 305.70d 2440.7d 613.9¢ 22.9ab

Means in each irrigation treatment, followed by similar letter(s) are not significantly different at 5% probability level, using LSMEANS Test

H\J)\H\Jé)l:@mgﬁyb'-\gJ.o;:c;;JL‘.:’\cb)ALSMEANS Q}anst\J{‘-\;:M.Adfj:;.«b})fkgl)b‘\f&u;$945)QT)LQ§CE.~ja):

AN


www.sid.ir

WA 5ol O oled s sl 01yl (8155 p sl

SSa 53 aT oS F SV e B e ) sl
U s 3l 15 o3 W/ g VWY s
odalie LB oa (Sist A5 O Ll 8 ) oSl
@)}: adas Q\-&a cg:,-&‘ij u.a:-LS» (‘ﬂ ‘Jj»b-) S
3Bl O3l o (g w5 OV pamee s
e 35 Bl e olS 55 5 ge Obe L
a1y g ol gl (S i sl
dw\éwwﬂc(ﬁ_&bﬁu&u)m)
o ls s Sl s Shas 55 Eel Uily s
ST p el (St Ll b s il
qﬁdw\@wm}f;\ﬁouum\
R g - St FGIUD) CVI S WS W4 PR .00
o) s a3l (Richards et al., 2002) 55—
Mahmed ) O)LSKas 5 dases Jiole3T s b oo
S s S o158 LT eyls cils (et al., 2010
Jloe pomans 50 b (2T L (5 (5 Jslons
S ey or Sl
o Li Wl oaT OIS (e Kist Ll 3 s

ST e 5 Lol

334 AT O e 48 313, 0L Giioed (ol gl

)-’é—i"fﬁjﬁj—:(@ﬁ;xjéujw
by Ao o o 5 el o K 55 palE e e
o I L i ool ety Sis 4 K
Sl 5 gl b il g olw\gTduﬁ;T
S S s ails gy 5 4ils 5 Shas (Zoils p asls
WOleST 5T sl pa.)»'TC««.Jbé Sl Bl
Sl St i Sl i Sletes 5 Yl
oS 5 Slhae 3 5o OT JUis 487 353 0 0l b
W3 8 adie Gds opl y3 .Sl dals g sl
Lyl ys ol aie o ole)T b sles Ole y3 oS

£

3 Gy sl bl s oy (S A5 Ll s
S wls ey 5 als s Slae Jl3) s Ll
Sl S s

S 8 53 K6 s s Shes I3 e
s o) 56 g o (AT ST e 5 (St
5 il OnST (5T Gl 5T Clb Ol
olie O ae 4 S 0ls LS sdaze gla is )T
J 51 (ame s 25 O3l e oS
Aas e Al STy g8y (S S
Al 5 ,zs V-{ ~ole | 5 (Wang et al., 2004)
Ol e A Sy e e (530 (AT
‘_;uﬁ;,_;Tj &3l Ol L 5 5 5L ST Ol gie
OLalE 8" s ol ol S o Ll ST 5T
Sl 5T Sl (il anl g jols (pl 35S L
S A5 4 Canla 5 AL o 22l ST T
L 3 (Corpas et al., 1998) Ll o il 3l Joses
S 5 S JS W5 el Lol pilnST i
ol Cmnl (6 i g6 oy 4 T (0T ey
e garmn SLa S5 1y B 5 e e b s
(Giardi et al., 1997) 5,8 oo &y 1 s 53
155 OIS (5T o 55T b 21580l oy
o sl 5 o st (T OMST G as
Gllis o)l 5 Lis o e il 5o o S
oS (i 5 s B Ol B sk
DR ) (B Dl il g o b 0l 515 0 5
5 Shas (il 3l 0T does a5 03l J2alST 1 s5ldns]
.CM\&‘c));;L.aoTc:@jcl;

G e Sl Ea e oty il g el
5 S i glasles Jolize 31 sl oSS
25 8 ls ime by e ls o el SOLS
05 S Ve r slajles 48 5ls OLis s (Y Jsir)
BY) TR -1 Py PU S Cjiz”,uggﬁyTQ%
Ll 5 Sis i Ll a ys o aT &S Sl5e

cbbbyjﬁjc\_A)ngﬂ‘_waubjLPu


www.sid.ir

s Slas (oa 5T b s 8T o jeze 51"

SLaeSas (bl dsboms 5 ctns (215115 o 5 dglie 53 2T (S slajles 53055 (Sbs 10
R - Sl Lol 51 (6 5V e 0T (2 slosles b
wulS oLE s 4 T JUasl 5 ds 3l s 5 1 adls 3 Shas omen 5 OluST| 5T (gla o 5T
2 Sl S 2T (S O e ol s 0 55 0 il 055 e (il 5 0 £ b s pl > il
Sy Sl 655 2 (S 24 I has L alis aibin ol Ll 3 )3 olS Js 4 paie ol JUS

sl gl SUjl 05 (ool (sl &S ailate ol oyl 5 4y e 5 L ASL

3 s g 15 e YU (slos il o S

References oalaiul 3 90 @b

Agarwal, S. and V. Pandey. 2004. Antioxidant enzyme resposes to NaCl stress in Cassia angustifolia. - Biol.
Plant. 48: 555-560.

Allen, R. G., L. S. Pereira., D. Raes and M. Smith.1998. Crop Evapotranspiration (Guidelines for Computing
Crop Water Requirements). Irrigation and Drainage Paper 56. FAO, United Nations, Rome, Italy.

Alscher, R. G., N. Erturk and L. S. Heath. 2002. Role of superoxide dismutases in controlling oxidative stress
in plants . J. Exp. Bot. 53(372): 1331-1341.

AOAC (Association of Official Analytical Chemists). 1995. Official Methods of Analysis, 16™ Ed. AOAC
International, Gaithersburg, MD. USA.

Asada, K. 1999. The water—water cycle in chloroplasts: scavenging of active oxygens and dissipation of excess
photons. Ann. Rev Plant Physiol. Plant Mol. Biol. 50: 601-639.

Bannister, J. V., W. H. Bannister and G. Rotills. 1987. Aspects of the structure, function and application of
superoxide dismutase. CRC Crit. Rev. Biochem. 22: 110-180.

Cakmak, I. and W. Horst. 1991. Effect of aluminium on lipid peroxidation, superoxide dismutase, catalase and
peroxidase activities in root tip of soybean (Glysin max). Plant Physiol. 83: 463—468.

Cavalcanti, F. R., J. T. Oliveira., A. Martins-Miranda., A. S. Viegas and R. A, Silveira. 2004. Superoxide
dismutase, catalase and peroxidase activities do not confer protection against oxidative damage in salt-
stressed cowpea leaves. New Phytol. 163: 563-71.

Chaves, M. M., J. P. Maroco and J. S. Pereira. 2003. Understanding plant responses to drought: From genes
to the whole plant. Func. Plant Biol. Collingwood. 30(3): 239-264.

Corpas, F. J., L. M. Sandalio., L. A. Del Rio and R. N. Trelease. 1998. Copper-zinc superoxide dismutase is
a constituent enzyme of the matrix of peroxisomes in the cotyledons of oilseed plants. New Phytol. 138: 307-
314.

Dat, J., S. Vandenabeele., E. Vranova., M. Van Montagu., D. Inze and F. Van Breusegem. 2000. Dual
action of the active oxygen species during plant stress responses. Cell. Mol. Life Sci. 57: 779-795.

De Carvalho, M. H. C. 2008. Drought stress and reactive oxygen species. Plant Signal Behav. 3(3): 156-165.

ey


www.sid.ir

WA 5ol O oled s sl 01yl (8155 p sl

Ghanati, F., A. Morita and H. Yokota. 2002. Induction of suberin and increase of liginin content by excess
boron in tobacco cell. Soil Sci. Plant Nutr. 48: 357-364.

Giannopolitis, C. and S. Ries. 1977. Superoxide dismutase occurrence in higher plant. Plant Physiol. 59: 309-
314.

Giardi, M. T., J. Masojidek and D. Godde.1997. Effects of abiotic stresses on the turnover of the D1 reaction
centre II protein. Physiol. Plant. 101: 635-642.

Hussain, A., M. R. Ghaudhry., A. Wajad., A. Ahmed., M. Rafig., M. Ibrahim and A.R. Goheer. 2004.
Influence of water stress on growth, yield and radiation use efficiency of various wheat cultivars. Int. J.
Agric. Biol. 6: 1074-1079.

Ishikawa, T., T. Takeda., S. Shigeoka., O. Hirayama and T. Mitsunaga. 1993. Requirement for iron and its
effect on ascorbate peroxidase in Euglena gracilis, Plant Sci. 93: 25-29.

Mahmed, M. F., A. T. Thalooth and R. K. M. Khalifa .2010. Effect of foliar spraying with uniconazole and
micronutrients on yield and nutrients uptake of wheat plants grown under saline condition. J. Am. Sci. 6(8):
398-404.

Malakouti, M. J. 2007. Zinc is a neglected element in the life cycle of plants: A review. Middle East. Rus. J.
Plant Sci. Biotech. 1: 1-12.

McKersie, B. D., J. Murnaghan., K. S. Jones and.S. R. Bowley. 2000. Iron superoxidase dismutase expression
in transgenic alfalfa increases winter survival without a detectable increase in photosynthetic oxidative stress
tolerance. Plant Physiol. 122: 1427-1437.

Mittler, R. 2002. Oxidative stress, antioxidants and stress tolerance. Trends Plant Sci. 7: 405-409.

Nakano, Y. and K. Asada.1981 . Hydrogen peroxide is scavenged by ascorbate specific peroxidase in spinach
chloroplasts. Plant Cell Physiol. 22: 867-880.

Nasr, H. G., N. Kathuda and L. Tannir. 1978. Effect of N fertilizer and population rate-spacing on safflower,
yield and other characteristics. Agron. J. 70: 683-685.

Radtke, K., R.W. Byrnes., P. Kerrigan., W. E. Antholine and D. H. Petering. 1992. Requirement for
endogenous iron cytotoxicity caused by hydrogen peroxide in Euglena gracilis. Mar. Environ. Res. 34: 339—
343.

Rahimizadeh, M., D. Habibi., H. Madani., G. N. Mohammadi., A. Mehraban and A. M. Sabet. 2007. The
effect of micronutrients on antioxidant enzymes metabolism in sunflower (Helianthus annus L.) under
drought stress. Helia. 30: 167-174.

Ranieri, A., A. Castagna., B. Baldan and G. F. Soldatini. 2001. Iron deficiency differently affects peroxidase
isoforms in sunflower. J. Exp. Bot. 52: 25-35.

Richards, R., G. J. Rebetzke., A.G. Condon and A. F. Van Herwaarden. 2002. Breeding opportunities for

increasing the efficiency of water use and crop yield in temperate cereals. Crop Sci. 42: 111-121.

&y


www.sid.ir

s Slas (oa 5T b s 8T o jeze 51"

Scandalios, J. G. 1993. Oxygen stress and superoxide dismutase. Plant Physiol. 101: 7-12.

Selote, D. S. and R. Khana-Chopra. 2004. Drought-induced spikelet sterility is associated with an inefficient
antioxidant defence in rice plants. Physiol. Plant. 121: 462—467.

Schulze, E. D. 1991. Water and nutrient interactions with water stress. In: Mooney, H. A., W. E. Winner., E. J.
Pell (Eds.), Response of Plants to Multiple Stresses. Academic Press, San Diego. 89-101.

Shigeoka, S., T. Ishikawa., M. Tamoi., Y. Miyagawa., T. Takeda and Y. Yabuta. 2002. Regulation and
function of ascorbate peroxidase isoenzymes. J. Exp. Bot. 53: 1305-1319.

Sun, B., Y. Jing.,, K. Chen., L. Song., F. Chen and L. Zhang. 2007. Protective effect of nitric oxide on iron
deficiency-induced oxidative stress in maize (Zea mays). J. Plant Physiol. 164: 536-543.

Thipyapong, P., J. Melkonian., D. W. Wolfe and J. C. Steffens. 2004. Suppression of polyphenol oxidases
increases stress tolerance in tomato. Plant Sci. 167: 693—703.

Trebst, A. and B. Depka. 1995. Polyphenol oxidase and photosynthesis research. Photosynth. Res. 46: 41-44.

Wang, S. H., Z. M. Yang., H. Yang., B. Lu., S. Q. Li and Y. P. Lu. 2004. Copper-induced stress and
antioxidative responses in roots of Brassica juncea. Bot. Bull. Academia‘Sinica. 45: 203-212.

Wiersma, J. V. 2005. High rates of Fe-EDDHA and seed iron concentration suggest partial solutions to iron
deficiency in soybean. Agron. J. 97: 924-934.

Ziaeian, A. and M. J. Malakouti. 1998. Effect of micronutrient application and application time on increasing

yield. Soil Water. 2(1): 56-62. (In Persian with English abstract).

e


www.sid.ir

WA 5ol O oled s sl 01yl (8155 p sl

Effect of iron application on enzymatic activity, grain yield and oil content of
safflower under water deficit conditions

Fathi Amirkhiz, K.}, M. Amini Dehaghi?, S. A. M. Modares Sanavy®, A. R.
Reza Zadeh® and S. Heshmati'

ABSTRACT
Fathi Amirkhiz, K., M. Amini Dehaghi, S. A. M. Modares Sanavy, A. R. Reza Zadeh and S. Heshmati. 2011. Effect of
iron application on enzymatic activity, grain yield and oil content of safflower under water deficit conditions. Iranian

Journal of Crop Sciences. 13(3): 452-465. (In Persian).

To study the effect of soil and foliar application of Fe-EDDHA on the activityof some antioxidant enzymes ,
grain and oil yield in safflower under water deficit conditions, an experiment was conducted in research field of
faculty of agriculture, Shahed University, Tehran, Iran, in 2008 cropping season. The experimental design was
split-plot arrangement in randomized complete blocks with four replications.-Main plots consisted of two levels
of irrigation; 1: Full irrigation (irrigation after reaching to 50% soil moisture depletion of field capacity), 2: No
irrigation after flowering stage (irrigation after reaching to 75% soil moisture depletion of field capacity). Sub
plots were eight levels of Fe-EDDHA, that four levels of it were soil application (0, 50, 100, 150 kg.ha™ of Fe-
EDDHA) and four levels were foliar application (foliar application of water and 1, 2, 3 mg.I" of Fe-EDDHA)
on spring safflower cv. IL 111. Results showed that soil application under drought stress conditions increased
antioxidant enzymes activity of Catalase (CAT), Ascorbate Peroxidase (APX), Polyphenol Oxidase (PPO) and
Superoxide dismutase (SOD). However, Peroxidase (POX) activity increased with foliar application of Fe-
EDDHA. Effect of drought stress and Fe-EDDHA was significant on harvest index, grain and oil yield of
safflower. The highest grain yield under drought was 3176.5 kg.ha” and 3133.6 kg.ha', obtained with soil
application (50 kg.ha" of Fe-EDDHA) and foliar application (1 mg.1" of Fe-EDDHA), respectively. The highest
grain yield in full irrigation was, 3765.7 kg.ha" and 3731.3 kg.ha' obtained with foliar application (2 mg.I" of
Fe-EDDHA) and soil application (150 kg.ha” of Fe-EDDHA), respectively. The highest oil grain yield under
drought stress, 1440.2 kg.ha™', was obtained from soil application (50 kg.ha' of Fe-EDDHA). However, the
highest oil yield in full irrigation, 1699.6 kg.ha, was obtained from foliar application (2 mg.I" of Fe-EDDHA).
In conclusion, the application of Fe-EDDHA could increase antioxidant enzymes activity and led to improved

grain and oil yield of safflower under drought stress conditions.

Key words: Antioxidant enzymes, FEEDDHA, Grain yield, Safflower and Water deficit stress.
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