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Effect of foliar application of zinc sulphate on grain yield, oil and protein content
in four rapeseed (Brassica napus L.) cultivars

"ol 0 otn 5 (6 b oy ¢ Donb dlalla o ¢ Oyl ST

ol

P’—l‘4—’200.lj'_l{v_‘;))\_é};ﬁ‘}yjﬂ}yj)Q‘ﬂtéﬁmﬂﬁsjj Sl g L shes S1ATAY L6040 .0 9 (S pob .y DBk . E . ol (Olwe!
SYA (N Ol (215

JUw 59 (lo3T 3l (a1 P (AL Slogas 1 (89) SWg—w (—Sb Jgtomo 151 (2Ll sg—tain 4
Olido oSl 58 5l ;=50 4w 38 Solai ol Slaes oby & b B 10 5556 O y9—0 4 \FAY-AA <155
595 D g iy Jgdino sliosd ol (miilo3T (Sl 5L .0y d 5 121 J310 12 (319 s 33 @Bl P Oyl (53 59k
5393 (Rl 9 P33 oA Ystls ) Yoala) 315" o8 slaz 9 (A 3 POy dl 0 55 5 Jalbme (3l Jgkone pxc)
38 4518 B AT gy 38 o 39 SN ASD 8 Khos y S Joko Olo 457 318 S Bodld (il 519 4 3% I ol s
RISkl i 5 4 BT § BB 0 35 (B Sglows 092 NS e 413 53 5 9 5£9) A1 S 039 295
218 w0 (il Jomdie o) (S Lol 33 35 HISCpT9 3 9 (3£ O 3w b ABLE Hlowd 4y Comd 4518 3 ;Ko S35 1Y 9 1)
4 Cad (S gl (A0 33 YYIY) 41D 59 3 9 (M08 ¥0/Y) (5895 Ol a0 (AT A 50 33 (b Jolomo 5818 G5 al381 g g
(393 O > 393 b 8 Jhos (8151 8 Jhos o5 31 (510 iwe BT 35 alo3T 390 pB,I cy 398 1518 WLy slos
YAAY) o pinS” 9 (HLESD 30 £ T gl £7+ 1) 9 sy ol 5 49 S0l § P13 PB 5 b o lie 453 S5 31 9 (g 3 O3l a0
Coand P33 08 .03 SIS e 9 Dglake 1357 P11 1035 41D 459 9 § (389 O 3wo 5399 1518 1) 410 & Khos (HUKA o p 5 gl
I g il Jgdomo § pLE)) 8y 45 318 DL o lo3T zmli .09 510585 ¢ (S FVL (Mo 33 FE/) 895 Ofam 3 pBYI plu &
8931518 ol 3T (Sl ol dilain onlBl Lyl 3 15 4518 & ;Choss (9 Y ¢ AN dl> 50 33 (59

wb gl § BAWE (37 (595 S g 1S (19 1Sl S0l

WAV S gl WAL/A/F 18l s o,

(oS 43180) Ol LS el s oty ke el g 855 ol oDl 15T oty i) il Gl (g iils )
(omodian_3705@yahoo.com:¢sG s 231 &)

wl,d:beu,@),usa@b skl Y

£ oty ) ol IS il (5 seils Y

U333 domly ool 15T ol&tils iyl panlid )8 ol (g smmiils —F

1


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.1.2.3
https://agrobreedjournal.ir/article-1-96-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1391.14.1.2.3 ]

WY Sl o) osle ceasler Al 01l (1) p ke dlona”

23 S50 e O e i by Olides S
Cl o313 DLt by oL S iy Cadbes | e
)H&\)J@)Cﬂ\))\)&Td)}élﬁ J}butc\f
:;JwQTJJSw:ML_aQJo;\:)lJ_SoLf
S @l ole il slows (Jamsom ef al.,2009)
Sl :J_{L:.s« S e Sl sl Sl 8
ou&y%)JV'?%ﬁ&kﬂQ)JQ&
5 eSas byle el 5, Shas ljal sl g
c)}&_ﬁ 4_30.1\_3'3_}?61:_» .L>-‘_9 BE) J)_ilai« 6‘J_>-‘
Vf};&jwdﬁwéjjduw
(Khalily Mahaleh and Rashidi, 453 e op 5 5l
L 3w «(Lewis and McFarlane, 1986) &5 Jlf RNy
Ols 3T (Heitholt et al,  2002)
Js ,—= s(Mirzapour and Khoshgoftar, 2006)
el ol 5] Jf (Chatterjee and Khurana, 2007)
s#lie s 5 (Riley ef al., 2000) O SSer s oy
S 5 08 wls 550 5 555 Ol (I3l (e
x.lfﬁ Aisls ui)\)f Iy 9y O g 3l eslazal J1 s
b gl &8 sl 03 5 5,158 (Berglund, 2002)
el el gy aby el e 3 Lo st (5
éjﬁb)é:)ﬁl_: .::wabd.w asls :J_Q.‘..c—
4S WUsls 9L -5 (Bybordi and Malakouti, 2007)
=l e S s 6y eie L s e
S 35 (LS s ijl:f\’%?/\‘) 6l > Shese
LS 5 (Ao ys F¥IY) peg;y Ol e (pf F/¥) «ls
a1

b d s Ol 51 gy 2 o5kt 4 Ry 0
Ol 35, Shae il 53, Shee 5,0 4
d}\éﬁd\)ﬁd@)b‘)ﬂﬁ)}%db&j)
s 2BlE |l 4 3

b 5959 dgo

\V

4oNao

by medle (s, ol (SO e
Ld 51 ol Lwg Lol wis o) 054
OIS 95 ool 3 Sl 45 Sl 5 (g5l
e o (B o 15l 5 KoL sl
5L S 5k 53 L olS b g5 (555 pate Ol
Gk S1OT I b i 3,8 0 D) s Jb 2
S oyl 65 a0 s (Sl S od
S5 A o 3,8 o Do 4ty glad b
T Y Vs I L JUER W
oS el (555 b Sl LIS 55l &S s o kS
a5 L sl olS zlal s, e () otes i
i) b g alia ole plu s 6, pais A4S Ol
Sl 53 algn Glaplil G b 1 pobie pl Sl g
(Siavashi ef al., 2004) & 4 o315 ,1 3 olS

Ol (Gl 2 s o5 (55,8 pie &G (S35
oS o 5T lasiloba 1 (6ol 53 5 ol LS 5 0l
Aol Slaestlo by oS b (6,508 28
Sy oS (a5 ol ge i 51 OWLE (555 35S
53 OLLE g5 oo I s ST 050 58 Ao
0T 505,85 A5 )05 s 520 (S35 3 5105 bl 5o
=B o) e 5 Al e p83 ) Gy b
rl S o s e BB e L e
S35 332aS Ll 5 55 OLaLS iyls SIS sl
S e eslanal 5 Ode BB e gy 5l ST s
s s 1 Gk pla)l 55 5 Gl olals
L Sglite )y pdem st b 5 Olje s M 8
S 25 (S (Savaghebi Firouzabadi et al., 2003)
S5 Gl GBSodes s 5T Sl 55 g
03 5 pes Sl LS slaons r"l“’ 3sRNA
NPT G WU S S 03,8 cladails
B dffLSLJI dfjj) sldel jy by layl g
Sl e ) 35S ol 1oL (K5 S
(Khalily Mahaleh and Rashidi, 2008)


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.1.2.3
https://agrobreedjournal.ir/article-1-96-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1391.14.1.2.3 ]

Mend e 65y M g 2T sloe ST

oS ool &G CBs Ly 585 (6515 5 sl L
Ol s as s plis| S5 ool s g S el
P Sla Sope s VOl ole Al
L) s 5, Shae pens &l o .C,J;Q)HQ;
2 53OS JalS Oy 51 g Aoy Ve b
;\ﬂvggjd,tidu;@);bbj\m(o;
S5 a5 eladl slaw g o S slgml 5
5 3y Ol e (6 =S o3ldsl s Cils
Ao o a0y Sl oslizal b s 5 4 413 555
{(Morshedi and Naghibi, 2004) L% (al_?gl Jlul=S"
5 als Ol 5l s 5 asls 5, Ol e
A3 et g g 0dh D13 05 0 Al
Al 9 O B P/YO Clbsde jo iy 59
o315 LT Judowi 5 4 25 (Ravi et al., 2008) Ls 8
S plol SAS 5 MSTAT-c (gla )31 o 51 oslizul L
el LSD 0 a 3T 51 el L 5 ba o Sols 4 i

s g

o g @b

Go gy
olejslas U Cov 6y gl T cpl 5o
Sty o 4 (Y s ) 0655 55 b sl
R oAl (A Sl ey pu des 5E
El el Bl 6 S S s el e Sl
Syl g 4 Sl 035 OLES 55 Calibes Lo e 3T
Sl 4Bl ST oL s gLyl 2l 650
sl 2sLa3T 55 Ao s (Hocking er al., 2003)
(Kalily Mahaleh and Rashidi, 2008) (g 5 5 dl>es
@Lﬁ bl &y Clju“)l 2 S gae Jl GaLd gl
e zs oo (8 5 pan oS 55 Ol Sl
o m a5 gL 03331 5K 5 (695 00T
S5 aﬂfb\cssfd&ﬁ o3l 3 Shes !53]
eS| sy ey S5 e ao

255 0T 3 ;S 5 455 gLl Lrals ol Wil 5 oo

YA

o L el Ol s bl o (6555188 Dl
Job s Jb @i PV 5 a0 7Y L sl a0
e AV plisl 5 (35 B Y 5 e ys ¥ LS e
JosS6 s po 4 p2leiT s S 12l Ly b
NS a3 (Balas ol (slaesS ol & b JB o
b shen sl Jols 2sle5T (gl 56 L ol
o ¢ (b d e pis) g5y D s
bl b (AUE 5 aseble al jo 53 (55, DUl g
1S o=, o\ 5 (Siavashi et al., 2007) Sl 55 =
YAV L a(yss s o) PV L a
Kot s (s s 5 052) s (a5 5 o5le)
Jlw 53 Sk Olime 5 (s law sie 5 oali)
a3l 3y 50 pny 5g i das YVO LislajT gl !
Sldes 550 AT Sy Jod ey o s
Il s s 5 plowl ol gn filsl ¢ i (5Lwesle
N3 013,85 58T 58 Sleslinal U 13 5550
e D)l A Co g 95 53 L ol 03] 03
.J_.:c_u_;,s}_s,-mu»_,\\_g,uuj&@ﬁ
DS o3l ki 516 s JU e cals” 51 S
23w by ()l S &)y 4 LT
Ao (5Ll sl b 8 plol ole g VO G b
23 b s Ole (5 8 Sy e SIS S e
2y oS5 s LS 53 p SASTV rags ol
b S 55 e e 43 6y P 55 e do
JolpUs e Jsba cils bt # fols & S
A 3 68 o st 4 3 8 Bl e 5L YO
ale b yody 55 ¢ amalS 5 2 O o 5 o
XL PNHE
A= ol leslinl Ly Bl Sl s s
Ll S ke S 5l 50 Y e & ol oS S
A @l Do i) gl Sl S
o3 T 4 Laas gad JLaS 31 w5 Sl & 7
23 13 5l 5 &5 55 oy g SRS B sled 4 pld)

oK Sl oslial U s s 15m 055 . d oy 55


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.1.2.3
https://agrobreedjournal.ir/article-1-96-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1391.14.1.2.3 ]

WY Sl o) osle ceasler Al 01l (1) p ke dlona”

A8 o Sl aails JolSS 5 iy 53 e ol
site3T L (Shirani-Rad et al, 2010)
(Morshedi and Naghibi, 2004) & 5§ G4 5
Cel 1S 53 65 (8l Jsdoms oS sls 0L
RIS U S IR SV RN T S
Cza 31 sla e T,s 55 (Yang ef al,. 2009)
03 4513 3ldaS (W g 33 e SN ) () e
NS IS s 5 Shae 5 55 Olpn (s s
Jlax| cl:_..- 03 15 e Soglas CG)‘ e o3 gad
odaline 45 g 53 Cpr ) o5t Sl 5 51 ds s SO
cuﬁﬁﬁ)}}ﬂu@%cﬁj\&)s..gaf
LS o 3 YF L OT e o 2087 5 0655 03 55
(FUsde) L sdalin S L o555

T B
)Jw)}}s\.wlid\ssﬂw‘xf:bomw)ﬁ
s (1=0.917) Sod e sl k;:..w..m Shyls 45 5
das oo Ol G5 e Stses opl 3525 (0 50x)
AS5) 93 i s o 4T g 53 ) 7 Bl S
S dele a5l Ogumes als 3 Shas ol 55
Cel Ll 5 o il 5an € 5 55 ) g S Al
g 5o als s Shes il 3l
395 30 41D dluw

4S 515 5Lz Waesls (bl 4 o 51 Jol- ok
s 9 a3 sy 3 sl Slasls
Sem g doys S5 J\A:a-‘cb): Sls gae 2D
03 s 5 adls sldws o i (Y Jgu) Sils
e a8 5 (S alom pn 3 (sl Sl
(I dse) AT oty (L3 sloee Ok 5las 3 OT
5 s Olse I L s a) paie S s 0 iy
5ol olE Jlidlos § sl alE o plie
50 b SRIB o 53 Al Sl 4 s
5 yuze &S L5515 OLii (Rehem ez al., 1998) ol ,(SKas
slad 4 Sl 1y 18 55 s 55 5 dils Sl (53,5
J_“J.a LanT .als Ol (=i d sdoes O 900) dals

4

o 33 S gLl IS 1 ele g5 o5 e
13 mn Ml o 55 & Sz pula 5 06
e e s 05 IS 45 5 ¢ Lyl i )
gLl 1S o)) 5l SO a 45 sl ol Laesls
Yala 50l rﬁ,@;{.c,,:u,i; ol slize
Mﬁﬁdﬁtw)\d}”}a%‘s‘)‘}%ﬁv'/\
oguly Jdo an ol o8, & e oo b 4 (FU )
BT T SR STER NS ER P NP
Bl A s 395 el L s lie )5 (g ity 4
S50 A Dliv o ol (Soar ol o
):k;,::,-)j_a'-ﬂJ_’Jb.UﬁCw)\S:waw)ﬁ
(1=0.55"") cpr s 55 53 a5y sl (1=0.48") 45 5
(1=0.59") 51> 5 Shee 5 (1=0.46"") Sl> I ;-2 0
s o) 0d ) 59 s ols sae ‘_;:,.M.a «shyls
FLi Sl 3l Eel a8 Jole a o das o 0L
Al Jaeods S5 Sliv Lhlpl s oS a
"’}’1
g3 90 (> 95 Sluw

(Ydgdzr) il am o dpobr 4 ar 5
Sl Sbd s SLala) o 4S5 Ad jedein
ez el 53 (6)la me OV &5 53 55 ey 55
L 6 0l g (o3l Jshomn (il 3 25 o5 oSG
s 8 s il s sl gl als sl 5l
B ST e N Y RN = PRI (P S - RS
ol el DL sdeT s 4 c\..; .J;r.hb_é
5 28l il o 53 g8 50 anilir S Sl g sb s
23 s RS 08 eslizal (53 i I s S
b or SRl 4

23 sl loe )3 G5 53 ey S o R
Ok o 53 o) 55 Sl o a8 s 25 S Al s
33 Gy 35 3w (VU i) T s (5L gl
oy St (gl ! ajwjiég\j@ By
Sl Lo oy 55 5 00,557 g 413 5 S

L;_ljlaj\U‘JQMﬁQ}l&‘f}b}}obﬁL&sﬁb


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.1.2.3
https://agrobreedjournal.ir/article-1-96-en.html

Meis Slas 69, g ELJ sl SI"

Fle3T Jome S gl 5 (b Sl goas -V il

Tablel. Physical and chemical properties of soil experimental site

S sl S Gas SesS S gl ) S S s Cf 2 i 0595
Soil texture  Soil depth (cm)  O.C (%) pH Zn(mgkg') E.C(AS.m")  Gypsum (%) Na(mgkg!) Pmgkg') N (%)
Silty loam 0-30 1.1 7.5 0.44 0.36 0.25 255 7.8 0.13
30-60 0.9 7.5 0.33 0.28 0.12 285 6.8 0.11

S35 DM (B Jglows (slasles 53 S 03,5 5ler (ALE Slio by 42 s Y s

Table 2. Analysis of variance for plant characteristics of four rapeseed cultivars in foliar application of zinc sulphate

MS) ol Sl
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©303T 4= s 45 glis) Gy 3 gy 5 ol s 3 dls sl e Jb 4l 138 05 Gl 5 Shes ) Ol RS sp Ol

S.0.V e polie d.f Plant height Silique.plant™! Grain.silique™ Silique length 1000 grain weight  Grain yield  Oil content  Protein content
Replication RS 2 113.5 0.03 0.35 0.2 0.01 164 0.01 0.0007
Foliar application (A) e slone 2 16.7™ 801.6” 142" 0.050™ 037" 6788™ 6.6" 0.002"
Cultivar (C) ey 3 533.2" 402.1” 102" 0.92" 0.19” 2831 3.8 0.0004™
(AXC) 03 X 3 o 6 10.04™ 7.5% 0.03™ 0.07™ 0.05" 133™ 0.1™ 0.00001™
Error LeioloiT gllas 22 15.2 60.06 0.17 0.09 1 390 0.13 0.00001
C.V (%) Sl s 7.5 8.5 9.1 10.6 6.1 12.5 7.5 4.1

ns: Not significant Sl s 8 WS

**: Significant at 1% probability level Lo y5 &S Jlal pelas 3 5l gma 7FH
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Table 3. Main comparison of plant characteristics of four rapeseed cultivars in foliar application of zinc sulphate

65 glis) o Jsb als 558 05 als 3 Shese B3 Ol e 5 Ol
Plant height G g 33 gy gl Cpem s 3 &3 sl Silique length 1000 grain weight Grain yield Oil content Protein content
Treatments bl glayles (cm) Silique.plant’ Grain.silique™ (cm) (g) (kg.ha") (%) (%)
Foliar application L s
Control Aals 95a 60.5¢ 15.8¢c 4.0a 3.5¢ 2764c 33.5¢ 24.6¢
Application at stem elongation 838l A o 55 5L s 95a 70.1b 17.1b 4.8a 3.7b 3125b 34.1b 26.5b
Application at flowering P g T - PG [N 96a 76.7a 18.1a 5.1a 3.9a 3352a 35.1a 27.3a

L)lxé)l:@»JMlM):@JW\&): LSDQJA)‘TJLIJ;_‘M&]:LAJ}P&UbJ&La;nij\:»;)};.wﬁ):
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 4. Main comparison of plant characteristics traits of four rapeseed cultivars in foliar application of zinc sulphate

G plisl G5 o old e 0 4l sl e Jb 4l 138 05 gl s Shee S Ol S8 Ol e
Treatments LT ck,ls  Plant height (cm) Silique.plant™ Grain.silique™ Silique length (cm) 1000 grain weight (g)  Grain yield (kg.ha)  Oil content (%)  Protein content (%)
Cultivar o5
Hyola401 FY,le 100.1b 73.6b 16.9b 4.8a 3.8a 3953b 34.3b 26.6b
Hyola308 FAY 5l 87.7d 68.6¢ 15.8d 4.4b 3.5¢ 3261c 33.3¢ 26.1c
Sarigol Kok 90.0c 59.5d 16.6¢ 4.2¢ 3.6b 2981d 34.5b 25.6d
Zarfam by 103.6a 78.5a 18.4a 4.8a 3.8a 4201a 34.9a 27.1a

xJ‘xé)\:wJM&lM)ABJLJ}lCE“): LSDoijwblﬁ‘MdffiaJ}fgb\:J&La&;?l:.ao}:.»,a):

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test

S35 M B shomn slasles 53 1S 055 Slgr (AL Sliv Soren 50050

Table 5. Correlation coefficients between plant characteristics of four rapeseed cultivars in foliar application of zinc sulphate

<5 gl @ g )3 oy g Sl o5 3 dls slaw e Jsb &l 058 4l 5 Slas &ls 29y Ol &l 555, Ol
Plant characteristics A Sliv Plant height Silique.plant-1 Graim.silique™ Silique length 1000 grain weight ~ Grain yield  Oil content  Protein content
Plant height &g gl
Silique.plant™ G )5 g Sl 0.48"™ 1
Grain.silique™ s o Al slaw 0.55" 0.54™ 1
Silique length s dsb 0.57" 0.45" 0.29" 1
1000 grain weight s 55 03 0.46" 0.60" 0.55" 0.47" 1
Grain yield s 5 Slas 0.59™ 0.91™ 0.80™ 0.48"™ 1
Oil content s gy Olsee 0.44" 0.45" 0.87" 0.15™ 0.43" 0.68" 1
Protein content 3 s Ol 0.57" 0.77" 0.87" 031" 0.61" 0.89" -0.79" 1
ns: Not significant S5 gne b NS
**: Significant at 1% probability level Ao y3 S5 Jlez b 3l me 1*F
AR
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Effect of foliar application of zinc sulphate on grain yield, oil and protein

content in four rapeseed (Brassica napus L.) cultivars
Omidian Al., S. A. Siadatz, R. Naseri® and M. Moradi*

ABSTRACT

Omidian A., S. A. Siadat, R. Naseri and M. Moradi. 2012. Effect of foliar application of zinc sulphate on grain yield, oil
and protein content in four rapeseed (Brassica napus L.) cultivars. Iranian Journal of Crop Sciences. 14(1):16-28.
(In Persian).

To evaluate the effect of foliar application of zinc sulphate on plant characteristics of rapeseed cultivars a
field experiment was carried out during 2008-2009 growing season in Shirvan-Chardavol Field Station of Ilam,
Iran. The experiment was performed using factorial arrangement in randomized complete blocks design with
three replications. The experimental factors included zinc sulphate foliar application (control, foliar application
at stem elongation, and flowering stages) and four rapeseed cultivars (Hyola401, Hyola308, Zarfam and Sarigol).
Results showed that foliar application significantly affected grain yield, silique.plant™”, grain.silique™, 1000 grain
weight, oil and protein content. Foliar application of zinc sulphate at stem elongation and flowering stages
increased grain yield (by 11% and 17%, respectively). Also, oil and protein contents were increased by
application of zinc sulphate. The highest oil (35.1%) and protein (27.3%) contents obtained from application of
zinc sulphate at flowering stage when compared to control treatment. Cultivars were significantly different for
grain yield, yield components, silique length, oil content, protein content and plant height. The highest (4201
kg.ha™') and lowest (2981 kg.ha™) grain yield obtained from Zarfam and Sarigol cultivars, respectively. Oil and
protein contents were also significantly different in rapeseed cultivars. Zarfam had the highest oil content
(34.9%) in comparison to the other cultivars. It is concluded that that zinc sulphate foliar application on Zarfam

cultivar at flowering stage resulted in higher seed yield under the climatic conditions of the experimental site.

Keywords: Flowering stage, Foliar application, Oil content, Rapeseed and Zinc sulphate.
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