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Effect of iron application methods on grain yield, yield components, oil content and

fatty acids profile of spring safflower cv. Goldasht under deficit irrigation conditions
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Table 1. Mean comparison of grain yield, yield component, oil and fatty acids content of spring safflower in

interaction effect of soil and foliar application of Fexirrigation (2011 and 2012)
Wl 58 053 s 5 Shes oSt o3l 3 Slas Sl asls

Ju @bt T G5 G Gk sl 1000GW Grain yield Biological yield Harvest Index
Year Irrigation Fe Head.plant™! Grain.plant™! (2) (kg.ha™") (kg.ha™) (%)
11 S1 16.0¢ 32.4¢ 41.6b 1501f 10669¢cd 22.3b
S2 21.3a 43.2a 43.6a 2195¢ 26295a 22.4b
S3 20.9a 43.9a 43.83a 2936b 17853b 22.6b
Y. S4 20.7a 45.0a 42.5ab 3654a 15458bc 23.1ab
2011 F1 15.9¢ 32.3c 41.0b 937g 8666¢ 21.8b
F2 15.9¢ 37.6b 42.6ab 1705¢ 11203cd 24.8a
F3 18.5b 38.4b 42.4ab 2156¢ 11020c 23.4ab
F4 19.8ab 42.7a 42.8ab 2074d 13611bc 23.2ab
2 S1 15.9¢ 31.2¢g 39.8b 845h 649g 18.8d
S2 17.1be 36.6ed 40.8ab 2032d 11590d 22.9ab
S3 16.3bc 40.0be 41.2ab 1840e 16352b 23.6ab
S4 15.9¢ 41.1b 41.2ab 1649f 17480a 24.5a
F1 16.0c 34.0f 40.7ab 957¢g 8035f 20.7¢
F2 19.5a 36.3¢ 41.9a 2535a 9408¢ 20.8¢
F3 19.0a 38.5cd 40.8ab 2362b 12578¢ 22.5b
F4 17.7b 43.6a 40.8ab 2251¢ 12390¢ 22.6b
11 S1 15.8ed 41.1f 45.9ef 3101¢ 16268e 24.3¢g
S2 37.8a 66.00¢ 49.4b 3624ab 27341a 26.8f
S3 26.9b 71.7b 51.0a 3731a 24161b 29.5¢
¥4 S4 22.8¢ 76.8a 47.0¢ 3765a 2224¢d 30.6d
2012 F1 14.5¢ 40.0f 45.6f 2825¢ 12889f 23.4¢g
F2 18.3d 47.3¢ 46.6¢cd 3444b 16253¢ 45.1a
F3 23.6¢ 60.7d 46.9¢ 3110c 22725¢ 38.5b
F4 21.2¢ 61.2d 46.3ed 3113c 21282d 32.2¢
2 S1 10.9f 25.5g 41.7F 2332d 13455e 21.9g
S2 17.8¢ 40.8f 44.5ed 2855b 19576b 31.4b
S3 14.6ed 61.3¢ 45.6¢d 2631¢ 19575b 36.1b
S4 15.7d 65.8b 47.2b 2457d 24147a 40.3a
F1 14.1e 50.2¢ 44.1e 2440d 13540¢ 25.2f
F2 24.1a 59.0d 50.1a 3176a 14513d 25.7ef
F3 22.4b 66.6b 49.5a 3133a 17745¢ 27.5¢
F4 21.8b 74.0a 46.2bc 2719¢ 19349b 29.4d
\ Jde dals!
Table 1: Continued
P S o R e A Sy Sad
Year Irrigation Fe 0Oil yield (kg.ha™) Qil content (%) Palmitic acid (%) Stearic acid (%) Oleic acid (%) Linoleic acid (%)
I S1 428e 24.8f 7.3a 2.1ab 13.1¢ 76.2¢
S2 572d 24.4g 6.7b 2.0ab 13.2¢ 78.1a
S3 892b 28.6d 6.6b 2.0ab 13.6b 77.3b
\¥. S4 929a 26.2e 6.7b 2.0ab 13.6b 77.2¢
2011 Fl1 242f 24.1g 7.3a 2.2a 12.6d 75.9¢
F2 434e 31.5¢ 7.3a 1.9b 13.7b 77.2b
F3 742¢ 41.1b 6.8b 1.9b 13.8b 77.5b
F4 583d 43.1a 6.7b 1.6¢ 13.3a 77.0b
2 S1 206h 25.2¢ 12.0a 3.4a 12.3e 61.1d
S2 645¢ 26.0d 7.0cd 2.0¢c 23.2a 71.8¢
S3 457e 28.5b 6.76ed 1.8¢ 16.9b 77.6b
S4 397f 43.0a 6.4e 1.8¢ 14.0¢c 77.0b
Fl 302¢g 25.4e 8.3b 2.5b 13.0d 71.8¢c
F2 1042a 25.4¢ 6.7ed 2.0c 13.1d 77.5b
F3 877b 25.9d 6.3¢ 1.9¢ 13.3d 77.3b
F4 619d 27.0c 6.5¢ 1.9¢ 13.5d 79.3a
11 S1 788e 25.1d 7.2a 2.0a 13.1b 76.6¢
S2 980¢ 29.0¢ 6.7cd 2.0a 13.1b 78.4a
S3 1427b 28.9¢ 6.6d 2.0a 13.1b 77.6b
gt S4 1699a 41.8b 6.7bed 2.0a 14.0a 77.3b
2012 Fl1 762¢ 23.6¢ 7.1a 2.1a 12.4¢ 76.1d
F2 890d 43.0b 7.1a 2.0a 14.1a 76.8¢
F3 970c 453a 7.0ab 2.0a 14.2a 77.4b
F4 829ed 46.0a 7.0abc 1.8b 14.2a 76.3cd
2 S1 551f 25.3f 13.0a 3.4a 13.1f 56.4d
S2 1133¢ 26.7¢ 7.1b 2.1be 26.2a 76.6b
S3 1130¢ 45.1b 7.0b 2.0¢c 14.5b 76.5b
S4 829d 45.8a 7.0b 1.9¢ 14.3bc 76.4b
Fl1 786d 25.8¢ 7.1b 2.3b 13.4¢ 75.9¢
F2 1440a 26.7¢ 7.0b 2.1b 13.7ed 77.3a
F3 1310b 26.8¢ 6.0d 2.1b 14.0cd 77.4a
F4 613¢ 26.2d 6.5¢ 2.0c 14.5b 77.5a

L1 (65l gme Ve Ao y5 gy ezl prla 3 lize ST (a3 b 0503T el kit &S 2he o o slls ST oS (T les gl A5 O 2 2
Means in each column and irrigation treatment, followed by similar letter(s) are not significantly different at 5% probability levels, using
LSMEANS Test
11 and 12 irrigation to reach 50% and 75% soil moisture depletion of field capacity sl,; b b Cusb, doya V0 50 adss ol s)bLT i w2 H11
S$1,52,S3 and S4: Soil application of Fe (0, 50, 100,150 Kg. ha) ) s ”f,l; V0 Ve ot 4 ST b bl oaT oS :S4 583 . S2 S1
F1, F2, F3 and F4: foliar application of Fe (0, 1,2,3 g.I") S 5Y O Ghotod S 4 oal O abd e F4 S F3 F2 F1

Yay



Meis Ses p 2T NS 5 ez gla Ss, 1"

Jolize Ol 3 s s g aT OS5 glasles
Dlas 53 adls 158 855 Ol o 2S4S 5l DL
b s 5155 Sale3T dlugs ja 55 [i5 Ogk
Sl s S ol (aT O e pite) OT
5 dsl b 53 LS p3 0 S S Vs b 2T O pan
039 &3 8IY 3 FIN il 8 Co 50 (oSS e
o) 4 O (24 glome s & S sl 5o
St i g o 3 als im0y Sl
0385 Sl e 4 Ll a 8T 358 om0
p313 5 J30 M Olime R G b 5 4l Ol
S 387 3l eslizal dny oo i 4y 3L 5 ela
sl gs sdzme 5 (gl Il o ol 5 e 5 oaT
Sge Colg 3 5 bl e S baw gy g s
O 3 ol Gl P Laasls a ol f e a3y
Al adys 8 Laasls 035 tal 3l Sl ¢ 4 e
5 (Ziaeian and Malakoti, 1998) 53k 5 olsls
8 5 T egs5 S pan 15 S L S IS
Sl 8! (,,\_;?u?-);ug slas 5 adls 5 03
el azlls (g 15 gan
b Cew il arla nbsT Jle 5o s s
O Jst) <35 515 ol 5 LT slasles blizs
o2l 5 eoleT oles BlaeaS 5 Kk auslie
o ST e 53 &8sl Bl Sy e ls
WSl ol od b oby ds )3 b0 ks
a5 b 33 8 53 Sl e le o Kike o oS
Sl o e 535 2T (AL o e 4 Glaze
ol ooy 2T 15 53 65 (BLd s Sles L OT
L dayl - ol 5o 0T (3 flome sk 2131 L
b 03 3ol e SO il el ralS
VO d b T Oljee 2alS 5 S 25 Jlasl oy 93
A S 53 AT s e ()5 Lo b Ao
o e il g ls Cils p asls 1 LSt
033 5 sl Juﬁ,uﬁ);rfﬂ;m. N
S s AF 5 Y0/ aslisl Cel s 5w ol T

AR

o pds 5 DT (il d s glajles 5 G0
Jle 5383 5 515 sde YY/F s ¥/ 5l meonl
O e 3l 308 VRIA 5 83a b Ol e o s 35 05
las L alio 53 8 LT oy 2T 0 85870
Lol eals OLis Aol dew y3 4V/A c;.;T u_&bJ}l’u
R P e
L b a5 ST Ol 2l S 5 (5
S ome il s iulasT Jle 95 8 53 sl
Jj‘JLMJAA_{L;))_bd_fc.Li:JfL;_.Ja):4.3‘::\.\.:6
A VF Aals 5ls & G FA Jles 3 il O pee
;lurjadu);@l,&ow@asgb-ﬁuﬁ
Uil s Y/ ST e U auslie s 3 s 4l
s =il ade e sk s (Y Jgis) sls LS
il Gl g a8 Sl ] Sl
o 55 g odd S Laads ) Cleb Sl claay )
o o ol 93 ol (o RALST (S sl g Ol
Ans n L2l 1, by ol glie ole 5L slous
L oS dw) o Lk 4 .(Malakouti and Tehrani, 2005)
s ) e 0T O e (LT Ol e RalS
W5 Sl 5 5 e Bl e o S
S o Condy (l 3 b e 0355 1 3 s
Gl A5l 8 ames 55 5 Ll Slapldil anu g3
ST o5 Ll 55 4l 5 4 50 GG 5o i
35
N5a 055 2 AT NS 5 LT s folins I
£33 Jw 53 Ty s e & Jgl Jw j5 adls
Jelize S 51 50 53 () Jgd) 3 g ls ine
o 2T O e o)1 o5 mlaw 53 45 8 ot
053 oI e g p s b s (L s )
30V L S ol ldie o 2t 5 13 S als e
b e Lol o oz i 5 4 0 8 FAD
o psn dlw 53 aT ONST l5a 55 55 565
Sy s do T OS5I 6T Sl pa ails L8 0
2l 3l e e § eslimal a5 65 a0 lows



AT Ol oF o )led (s 5ls Alr 0151 (1) p e alns”

53 52T 8 SN0 o e slajlas 0 o 5
Cils olamtl ol 558 Sl eslinul pde 5 LS
AV b O 55 ;s Soke 4.0 Ja)
3 g al g it oS 3, Shas Ol T
(Alloush and Sanders, 1990) o il 5 5437
o3le Ol e dmlfg&b OATJ”.{S.UA;UZ)\;,?
(e glde L ole 5 h a5 oS s oSis
:\}_Akg.\_gwaj:)k}tg_‘d):ui_&a.\_g-ébb
e oM ole 55aST ol ply s (65 53
S e 5 0L SCa 03le 5 0 il 5 4
Marschner ef ) lay o T ol Sleplbl ol
(Linsay and Norvel, 1978) J 3, 5 9 o .(al, 1996
S Sis e sbeST ol oal e cblile
B0 U YOy cdian ST 510 sl Hldis (glyls
oSl DTPA b5, L oSLs o S5 LS 550, 8 L
b T Ol aS ol a5 Ll pls s S
3 (ajfu_l,:a\‘//\ eyl 5,50 L 53 sl ul
St o3le Oljon il 3l (el 03 ST 0 8 S
g JB S o T 558 O e 150 L
Sl
(J8 ool Sles 53 e phlasT Jla 5 12 s
13 3, ks S5y 995 5 pan otk
Lol s s al O peme Jaal 530 LL(Y Jads) il
05 SN0 O Ll 5, Slhae (205 05
IS (.Jf}_l,;\%v o (1184) HLSa s T oS
3, Shee 5 Klbe 7 o 5 ey Jgl Sl > 1S
)HTQJ_.MCA_;J_?1JJCE_,~A_>-\)J:4_3|>
05 SV 5100 Sl 5 a0l (il sl
AT O e e 53 Jlu )38 515 LS o
Sie g ey 5 A 8 als s Shes (il o e
o a5l 55 LS 53 0 8 S YVFO L Lo
Hs s 8 Jol JLSa s paT e £ s V0
() Jgds) 555 Hls —ae S4, 83 Hlas 95 o Sl
ST s (Balali ef al., 2000) O, LSs 5 I

Yye

T o e s Hlad g Cod Bl s LS
OLHLSan 5 6585 Gdm 50 () Jgir) 4 8
AL ils HLghl 55 (Movahedy Dehnavy et al., 2007)
5,8 eL) = 23 5 5 655 S
ot gy A 8 sy e ls G el
ol 5 ) ls il sl le 4 ¢S o3l
Sop Lol Ll g 0 a5 Conl Slaw abe I (il
Sis Lyl sy Sl esle s &l s Sles
L 03,8 51 oy o o3lizal OT o b L
Gl iy SBls 5 s li (il i 4 8 oS Sl
ey o B4 i cpl oL (Richards et al., 2002)
(St 2 Ll e aT 58 O e a8
Ot 6 o 53 S Lm03 )3T 15 o 1552 3oy Ll
Cils p asli a5 5 (adils) (galasl e
sl
o Lyl i s als Olis Julime Ol 51 oL 55l
Sbes cptala3T dle 53 pa 55 (1) (o gby Cud e
Eel S 3 8T SIS 0 kS 00 5 ,20) S2
SLasbes ol L alio 53 oSist o3le u g a3
S o3l S i S (g e 4 ki T OIS
035 5 dol dlo 53 (OT (aLdslee) FI Hles 4 o
SSa s Df,_x,; VPFOV/Y 5 \WEYAA s 5 4
S4 el U paT O e (5131 L Lol (2l ) 51
o3le S Ol e USG5 8T oS 0 8k 10
OLis S Sl ialS g s b us U oSt
SSa 53 LS00 1 YL el O e s 0
S pde Ll b 53 &G IS oS esle 1l el
Csby ki Ol (Rl 31L Lol a3 5 ol (ST
O e ()5 Ld B Ao 3 VB Ol s g S
Sl el S s aT EST 2ty sl
5 op g gl 3 8 ST 03le Ol jn s gmna
I U 53 0T oy s 3 Sl e o a5
2T Sl s 3 (sby 15 led 3 ps3 s
S 5, s (.Jf,_t;w%\/o}w\/\wv



Meis Ses p 2T NS 5 ez gla Ss, 1"

b 53 53 45 51 L iz 31 a3
Cobe AU (S 2 e 1L el
Sty S il gy 5 Slae 8T (34 glows
AT s o o o S o5k 4o
ey 3, Shee il el el oJ gl o s (F2,L)
e 4 o 5w FL 58T glajles b anglas 55 4l
o e dlw s 5 a8 3 p SASTVF SAYS
alio 53 F2 jlas b ails 2oy 5 Shee il 31 Ol s
,gtjf,g{?av,AAA%ﬁF1,S1 clasles U
aS sl ol SialeT cpl s () ) 5 S
cmaby S Ll 5 S 4 aT 03500 SLS
= T B o s b i > Sl 36
LI &l ey s Shes

ol s S s ol Sl by e el
oL&s 53 b man o T o o YL oS 5l LS
A oy b s (1284) gL T oS Ll s Jles
LU Sl e 55 6 5 51 GaalesT b 53 o s
S5 Lol ple Lawlis )5 dils o) Ol 5
SLSa s pal fjfjl’;s VO O e Jgl b 53 55
e 1 T 258 Sleslinal ot Lyl 5 4 S
I ity b gy Ol e (sdoys WA ol 30
A3 Ol carlin sl 5 55 55 psn Jlw 53 3 8
Yo/0 (S1) dals Hlas U awslae ys ails 29, Ao s
s o JolS LT Lol 55 () dsa) 55 o
Sls e 55 Ol 21 ST o i aT (84 glons
ol 93 48 305 Ol e ke g lin 3 115 &5 I8
Ol = 0T (ol sdomn sk (21530 Loyl
Ll 9y sldie Jgl Jl js i ong 8l als 89,
il 31 (aT OMS l5m 53 ¥ 5LJ Joue) F4 las
(OT i d sdee) F1 lass 4 G Lo 5314 sl
Jlw y3 als 589, Ol il pl a8 = 55 sl Ol
D k33 YY/F F1 i b awslas 5 5

olesT dlu 53 8 53 315 QLS G op) =k
e U ol O s ol 530 oS (LT Hlas 5o

AR

L aS L) 4t (l 4 5555 Ol Ve 5 5
53 8 SV Ols i o T o S O e
il Ao 3 Y a3 Shee LS
3350680 a3 s 3 Shee Sl ok gy b o0
T o i (T oS Ll 5o ilejT J
Jlw 53 31 655 0 55 48 (6) b 4 550 wlis T
3l eslizal pte 51 I8 wls 5 Shas e o a8
L ool (ibd e Lol e s (S1) 2T 558
J}L,sdmdu:.lrt_iuﬁ,\)_h,m&g_w
15 5 Shas ldie & As o g0 (12F2) 2l o055
J=B Ol o S Le3T Jlw 55 2 53 mhaw s s
S8 53 p S S 1P STy 515 g 8
\OVAJSG)JHT.’_}S&_.}J—@‘cUQM
3 (DT (b s slag 4 S SIS 3 p S AS
>, 8as I3 Olse Lol 8 e 53 55 093 Jle 5o
G F1 58T Glaslog U anglin 55 o dly 55 4l
o 5335 LS 53 0 8 LS VYO GAFE s
Lty sy asils s, Sl Ol iol530 j2olasT
> Sas gl 51 fle 015 ) sy S sitons
Gb s 4l e (g 5 b 31w sl (5,8 eI
5ol slasles flime J1.cdls (&l 558 055
Gl Jlw 53 ,a js als ey 5, Shae o opal
O dsd) 55 5l gme sleT
ST las 53 s o5 5 Shas 5 Kle Sl
ool o) S b de s B0 adss I ey
YEY L AYA o ails gy 3 Shee o Sle S, b
%4l t_:m«,d,\du,;,\_&ﬁrf,_g
3 oS 535 e 093 Jle s S 3 0 S LS
SFLsla)les 4 o 5w als 25,5 Shes o 2y
Sl s Sas ol 31 48 dy o b 4. Coils Glas S4
S b ostbe 5T Ll 5 55 S5 8 25 5
Prao o alin > o aT oy S (SLs O,
@l ds Ll -5 O ol 8 s (il d e
Al il 0593 b 53 oLS (sl Sl



AT Ol oF o )led (s 5ls Alr 0151 (1) p e alns”

YI¥ 5 Y/Y Sl e e 5 a  hlaiT o9
ST sl 5l 4 o S ol (5 )
Sl o e w55 4 5100 dadr) s 8
o ladesl CoST5 5 ) lyee S ol
Glsmee 75 Sis dle el se Lol S o s
8 S o 1wl o Al SlaS 5 5 8,
Bybordi ) (o gdsls 5 (63, 50 Ls (Li, 1993) das
S 5 S wmals Hlghl o (and Mamedov, 2010
Sl olalE [ Kos aslen 55158 O > gladl
5,8 N3 6555 AT O s b Lo (g
N Sl 93 2T 4S5 G AlS 2B 4 e 5 L ol L
s gl Shesls ol plar gy ladn T3
55 Os ol b 55 4T 38 e Bl p i ok
I 53 g e AT 3 5 e S 5
gLl o n alS 5 pLal s o sladen] O

sl asls 51K wls ey,

S5 Ao

Ols5 oo SslasT ol 53 edeT s =l

AT NS 558 5 meaS s, S o, Sans
S Gl 5 (S e s 4 (YA o S)
Cpllas Ao I S A Al e s STl b
e s 41 Shes [l 5 (gls gme il
2348ty o 4yl (CallS (3 K5
;;jﬁqjxg;”;mum‘@,b)dqu\;
)ubju_a.\')_uwf.w:(;_:b@cuh'r&%
e pl L cdas e 591 oLE s 1 o Jlis!
S o oS dis ) o b ) oaT e
Ll by Sy al OIS o ume fumen 5o
f}u“g?&;swug\ku:ﬁtpu@gg
S 5l el en 4 |y &ils 85, Ol e 5 Slils
AL Ll ph 3 5 e Ll g plal b o Sl
S35 SU Ces St s LT OT Ol

S Gaoian i 8 5 alse S (o,

Yyvv

N3 gnn 28l o g (1183) ,ESa 55 p S oS Y o
g e U Ll s 8 oS aally ol Ol
2> ESzally Al Ol e o aT NS 5L s
03 akede B ol (2sb)y 0 Ll 0
53 Bl b T i sl sk (5153 65k
odalie .l 2alS |y ¢S ol ol Ol 4130 o
Il 33 ;2 55 al 5 LT slasles o Jilize I
S o5 DL S ol Pl e Bl 51
SIS Sl 5 ¥ (iLd s dee) FA (6355 e g
O 3e 2 oor g o sllan (LT e 5 (2T
S Coby HMe SRl L Ll s O o sl
L S0l Al Ol 6 155 b Ao s VO U
PR3 Sl e sk ST 3 AT 5 e Sl
Jlo 5 alS ool &S b gals Jib;T Jle oo
P AT p S SN0 5V er 6358 sl o U
ST Jle 55 8 55 () dguds) 545 Hls gma 4S8
Ol 5T VST 5 65T slajles Jolize S
O o pan 3 3 sime pldl 8 Oy (slad
Jlw 55 usb) A5 o 53 518 s Q—“T(Jff‘:s
Al (5o 3 W 5 VA sl 5l oo 293 5 U
2Ll T O pame pie Hles 4 S S
(AT (Bl sloms o sla b S sl dl Ole 1T les
AU sl (2lesTJle 53 12 55 (6 2he Sl
Al Ol 1 ol (B glome CBLE 51530 e
035 ali>Me b sl LT oS Lol 5 55 oS
(F4) o (il d sdome = gha o VL ST 5k 4
5 e ot e b s ie )3 1y &S 5 sl O e
SIWY Olms a3 o 5 Jsl Jle 5o ST oAl
o sl i BTl Sl A5 VY
Bl 3 gy (S5l e D5l p s Jlw o eyl
el Ol e 13 T (357 ol ST s
v 53 (b o pllan LT Ll 5 55 oS
315 OLES Gaoss 31 Jol s 5 e 2Le5T
}J,ut_wy,\:ﬁ)g&ﬂpf,l;m 5 s &S



Meis Ses p 2T NS 5 ez gla Ss, 1"

@.t_lprdj_b,s&,@@ﬂafu,;gls
(ool o5 Lol 5o 558 e sl gy cpl 31 ABL
Llod 1 2T OIS 5587 b ghoee 59,y 5 eslizal
Ly Cadides ol 0 53 75 O e Olads 9 ylie
5 eals 515 a5 35 g0 JeaSS Dlalllan 5 oSS

References

5 &S i sl Ol Rl 31 sl o T (8L shons
g et d Szl el Ol e JRalS
Slie 015 oo JolS (@OT Ll s 5 Shee 2ol 31
SRS 53 0 F SN0 1y (2T 55 5 e
s o il g o ) 5 4l 3 Shee 23 a5l
Corsb) 3529 5 Fwle Gladss Lyl 5 OAs oal 3

oolilwl 390 Rbie

Alizadeh, A. 2008. Soil, Water and Plant relationship. Emam Reza University of Mashhad (In Persian). pp.484.

Alloush, G. A. and F. E. Sanders. 1990. Responses of chickpea to iron stress measured using a computer
controlled continuous-flow hydroponic system. pp. 197-206. In: M. L. van Beusichem (Ed.), Plant Nutrition-
Physiology and Application. Kluwer Academic Publisher, Dordrecht, The Netherlands.

Balali, M. R., M. J. Malakouti, H. H. Mashayekhi and Z. Khademi. 1999. The Effects of micronutrients on
the yield, and determination of critical levels in irrigated wheat in Iran. Soil Water Sci. 12 (4). Soil and Water
Research Institute, Tehran, Iran (In Persian with English abstract).

Balali, M. R., P. Mohajermilani, M. S. Doroudi, Z. Khademi, H. H. Mashayekhi and M. J. Malakouti.
2000. A comprehensive computer model for fertilizer recommendation towards sustainable agriculture
(Wheat). Soil and Water Research Institute, Soil Science Society of Iran, Tehran, Iran. (In Persian).

Bybordi, A. and G. Mamedov. 2010. Evaluation of application methods efficiency of zinc and iron for canola
(Brassica napus L.). Not. Sci. Biol. 2 (1): 94-103.

Dornbos, D. L. Jr. and R. E. Mullen. 1992. Soybean seed protein and oil contents and fatty acid composition
adjustments by drought and temperature. J. Am. Oil Chem. Soc. 69: 228-23.

Erdem, T., Y. Erdem, A. H. Orta and H. Okursoy. 2006. Use of a crop water stress index for scheduling the
irrigation of sunflower (Helianthus annuus L.).Turk. J. Agric. For. 30: 11-20.

Ghasemi-Fasaei, R., A. Ronaghi, M. Maftoun, N. A. Karimian and P. N. Soltanpour. 2005. Iron-manganese
interaction in chickpea as affected by foliar and soil application of iron in a calcareous soil. Commun. Soil
Sci. Plant Anal.. 36(13): 1717 -1725.

Havlin, J. L., J. D. Beaton, S. L. Tisdale and W. L. Nelson. 2005. Soil fertility and fertilizer: An Introduction
to Nutrient Management. Upper Saddle River, Newjersey, United States. pp.515.

Kafi, M. and M. Rostami . 2007. Yield characteristics and oil content of three safflower (Cathamus tinctorius)
cultivars under drought in reproductive stage and irrigation with saline water. Iran. J. Agric. Res. 5(6): 121-
130. (In Persian with English abstract).

Li, D. 1993. Progress of safflower (Carthamus tinctorius L.) research and production in china. In: Third

international safflower conference,14-18 June, Beijing China, pp 35-46.

YA



AT Ol oF o )led (s 5ls Alr 0151 (1) p e alns”

Li, D., and H. H. Miindel. 1996. Safflower. Carthamus tinctorius L. Promoting the conservation and use of
underutilized and neglected crops. Institute of Plant Genetics and Crop Plant Research,
Gatersleben/International Plant Genetic Resources Institute, Rome, Italy.

Linsay, W. L. and W. A. Norvel. 1978. Development of a DTPA soil test for Zinc, Iron, Manganese and
Copper. Soil Sci. Soc. Am. 42: 421-428.

Malakouti, M. J. and M. M. Tehrani. 2005. Effects of micronutrient on the yield and quality of agricultural
products: Micronutrient with macro-effects. Tarbiat Modares University Press. Tehran, Iran. p.445 (In
Persian).

Marita, T. and D. Muldoon. 1995. Effect of irrigation schedules and new spacing on the yield of safflower
(Carthamus tinctorius L.).J. Oilseed Res. 7: 307-308.

Marschner, H., E. A. Kirkby and I. Cakmak. 1996. Effect of mineral nutritional status on shoot-root
partitioning of photoassimilates and cycling of mineral nutrients. J. Exp. Bot. 47: 1255-63.

Metcalf, L. C., A. A. Schmitz and J. R. Pelka. 1966. Rapid preparation of fatty acid esters from lipids for gas
chromatographic analysis. Anal. Chem. 38: 514-515.

Mirzashahi, K., S. Salimpour, A. Daryashenas, M. J. Malakouti, H. Rezaie. 2000. Determination of the best
rate and application method of nitrogen in rapeseed in Safiabad. Iran J. Soil Water Sci. (Special Issues:
Canola). 12(12): 7-11. (In Persian with English abstract).

Movahedy Dehnavy, M., S. A. M. Modarres Sanavi and M. Barzegar. 2010. Effects of withholding irrigation
and foliar application of Z and Mn on fatty acid composition and seed oil content in winter safflower. Agron.
J. (Pajouhesh & Sazandegi) .86: 2-10 (In Persian with English abstract).

Movahedy Dehnavy, M. and S. A. M. Modarres Sanavy. 2007. Effect of Zn and Mn micronutrients of three
winter Safflower under drought stress in Isfahan. J. Agric. Sci. Nat. 13(2): 1-10. (In Persian with English
abstract).

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.

Nissanka, S. P., M. A. Dixon and M. Tollenaar. 1997. Canopy gas exchange response to moisture stress in old
and new maize hybrid. Crop Sci. 37: 172 - 181.

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.

Romheld, V. and H. Marschner. 1991. Function of micronutrients in plants. In Micronutrients in
Agriculture.(Zml Ed.). In: J. J. Mortvedt, F. R. Cox, L. M. Shuman and R. M. Welch (Eds.). pp. 297-328.
Madison, WI: SSSA.

Sanz, M., J. Cavero and J. Abadia. 1992. Iron chlorosis in the EBRO river basin. Spain. J. Plant Nutr. 15:
1971-1981.

Yia



Meis Ses p 2T NS 5 ez gla Ss, 1"

Scarisbrick, D. and R. W. Daniels. 1986. Oil seed rape. Collins Professional and Technical Books. London ,
England. pp. 256.

Slack, C. R.,, P. G. Roughan, J. A. Browse and S. E. Gardiner. 1985. Some propertics of
cholinephosphotransferase from developing safflower cotyledons. Biochim. Biophys. Acta. 833: 438-448.
Turk, K. J., A. E. Hall and G. W. Asbell. 1980. Drought adaptation of cowpea. 1. Influence of drought on seed

yield. Agron. J. 72(3): 413-42.
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).

YY.



AT Ol oF o )led (s 5ls Alr 0151 (1) p e alns”

Effect of iron application methods on grain yield, yield components, oil content
and fatty acids profile of spring safflower cv. Goldasht under deficit irrigation
conditions

K. Fathi Amirkhiz', M. Amini Dehaghi’” and S. Heshmati'

ABSTRACT
K. Fathi Amirkhiz, M. Amini Dehaghi and S. Heshmati. 2014. Effect of iron application methods on grain yield, yield
components, oil content and fatty acids profile of spring safflowercv. Goldasht under deficit irrigation conditions .Jranian

Journal of Crop Sciences. 16(4): 308-321.(In Persian).

To study the effect of iron application methods on the yield, yield components, oil seed and fatty acids
profile of a spring safflower cultivar Goldasht (IL-111) under deficit irrigation conditions, a field experiment
was conducted in 2011 and 2012 in research field of the Faculty of Agriculture of Shahed University, Tehran,
Iran. The experiment was set up as split-plot arrangement in randomized complete block design with four
replications. The main plots consisted of two levels of irrigation treatments: 1: full irrigation (I1: irrigation at
50% soil moisture depletion relative to field capacity) and 2: deficit irrigation at the flowering stage (I2:
irrigation at75% soil moisture depletion relative to field capacity). The subplots consisted of eight levels of Fe-
EDDHA, half of which were soil applications (S1:0, S2:50, S3: 100 and S4:150 kg.ha'l) and the remaining half
were foliar applications (F1:0, F2:1, F3:2 and F4:3 g.1"). In general, grain yield and the oil content were affected
by the interaction of irrigation xFe. Results showed that with full irrigation and an increase in application of Fe,
the grain yield and grain oil content increased significantly. With a decrease in soil moisture to 75% of the field
capacity, the highest grain yield and grain oil content were obtained with the F2 treatment, i.c., 1 g.1". Grain
yield and oil content were 2535and 1042 kg.ha'l, respectively, in 2011 and 3176 and 1440 kg.ha'l, respectively,
in 2012. Mean comparisons indicated that, in years, total biomass, harvest index and oil content were
significantly affected by the application of Fe to the soil under water stressed conditions. The foliar application
of Fe resulted in a significant increase in the amount of linoleic acid and decreased palmitic acid under a water
deficit, while the soil application of Fe had the greatest effect on oleic and stearic acids. Grain yield and oil
content in Fe at 1 g.l'1 treatment increased by 53.7% and 162.2%, in 2011 and 29.2% and 73.5%, in 2012,
respectively, in comparison with treatment S4 (150 kg.ha™). It can be concluded that the foliar application
method under deficit irrigation condition can increase grain yield and improve the oil quality of safflower cv.
Goldasht.

Key words:Foliar application, Harvest index, Head, Oleic acid and Safflower.
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