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Effect of plant density and foliar application of salicylic acid on agronomic traits
and seed yield of rapeseed (Brassica napus L.) genotypes

P yilan dea 57 S 5l "5l Gl e el O (3LT 8 5L 8

ol

- k4

S sl 55 adls 5, Slae 5 oolyj Dl o Sl dsl 3L gons 5 65 oS5 511 E WS ik . 9 U D By Gl S D (ST =F
M-AT(0) YOl (8155 pols 4 45 . (Brassica napus L.)

5904 (AploT b3 SIS S 953 (810 Slho 2 bl ol (D Sono 3 G2 o515 ST g2 398500 &
(1720-171 9 1¥A£-20) (&15) Jlw 90 Do 49 51 5T dw b  Bolai ol Slaes ol 7 b LJB 58 b ygasl ouds 0 5 Sl
459N 90° b foxtaw dw 30 Fg9 o515 Jobis (il 3T (S slowi S [l 7 33 3k § JU6 4 § ke DA dumwgo 33
Ao 093 35 3 39 g Cbalé Ly 3 Jglus 9 (Bl Jglono ot 93 38 bl dpul (B Jglos e 0 0 3
L14 HL3721 WPN6 HW118 Jolls 1345 sy uisi) 9 (Lol Jolge Olgie 41 J 59556 D004 ( DOBL § (5™ 9 gl
o955 90 Sl ! 58 AT gy o515 bl des iSod p 457 18 UL S . Wdg (£ 8 ole Olgis 4 ( JBE 9 gl
8 yShos 13 3130 039 (B9 9 (ol S s 195 30 418 3IUE (£ 5 SBaSLY 9 Lol dlu 35 (> 395 SIS &gy S
Ao 38 g Eelaw 30 A1 4295 Ol g 9 Mo & Jloio | mhaw 30 I L8957 (Slgie § (s ) & ylos (pE9) & yhos (il
9 LIS 4T gy adiso Sl 1 50 eIl Sl sl (SO Jodome 4 Sute Gl (3T (S gi) Al .09 sI0 Sxe
90N i idsy) 41 3 ;Ko (9 FY1 culmaIls hansl (5l Jolmo § g0 yi0 38 Fgute o515 30 J669L14 Sl wig)
0/1 §0/Y i Fd) 4510 5130 39 9 (LUK 30 p T ols” YYOY g VEEE Cud ) 418 (429, & Shos ((HUKD y3 p 5 ols” 0£EA
Al il b (250 o0 30 Gg9 ) ol SRS 30 0594 37 Ctly) 30 Slo3T cpl gl wlol » .18 1 (p 5
!l i 4518 3 ;hos 1391 Cager SalmuI L

1D 5138 939 9 418 529 O a0 ( Judg 57 (Slgrizmo of U5 (il & Khos 1 suls” (svolg

il r I3 o6 )85 (55875 e ) o sl ! WAV IV L5 Gl VFRA PV B s 6
Ol O ¢ b s donly okl 313T ol (55875 (6 gomtisls

Olpl g S «83asWS sy 5 risel elisions Olajl oy 5 Il a5 5 Dol liions ds 3o 2l =Y

(Bhz.sani@gmail.com :e5Cs s sS31 ) (0aS” a5158) 0 p1 Ol g5 ¢ g dom g goDhnl 15T o2l 5 sl ¥

Ol O ¢ oetd g domly okl 3137 o&ils sl —F

AN


http://dorl.net/dor/20.1001.1.15625540.1400.23.1.6.0
http://agrobreedjournal.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=Bhz.sani-ATSIGN--GMMAAIL-.com&a_ordnum=1122
https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.1.6.0
http://agrobreedjournal.ir/article-1-1122-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1400.23.1.6.0 ]

Ve Sl o ;,L.,_:gr,.ﬂjg:,...,.,u?J';)\ﬂ\g\,)'pl.oq,z"

g 3> s sl g oo b slaasla slaas YU
3, Shes 2ol OT a5 3L 2l Sous 4 59
< slke o715 (Angadi et al., 2003) 55 45 5 » 4l
oo 9,2 93 ALE iy Sl (S5 6
w5 3l sl 15 &8 e ST
slaarlis Cowal | s o (Larry et al., 2002) Lab
Ot e (San 3525 5 1S 5, Shas 55 o
Cole C,J-J Wls s g s Sldad g 4Ll sluws
(Gusta etal., 2004) Cul ()9 0 & 3 o sllae vSljs

eyl LS 5 S Sl
05 b 5 0u5) sla i 4o OLalE fess 58l
¢So Sl Al (Alivand et al., 2012) 5 4 s
Gl b o by paSTeul Jo bS5
3y (A IE LAl sle oL S oS5 5
(B ladlfg) O a3 (S o (g
F s 3 Cmsilon (5 5 JBs ST
e B34l SoaS 5 ails e 05 Rl s
53 eSSl . Qing et al., 2007) .
b e sl T g glac
JEEIN -~ JORP PRI NI ACU- S =
AT )3 03 g oo OB e led )9 3l gs
s3biee O ity s Slae 5 oAby o g
3 & »l=>= .(Modarres Sanavy and Keshavarz 2014)
5 e S| oy » U (aberi etal,, 2015) ol LSen
ST 5, Sas (sl 55, Mes 1 Sl
035 Sl Lol Sl il o 535 21
Sl 55 (f s 2, Nes 5 4ls 5 Slas cails )0
..,\iajf lj'Lf

Sl s ol (oS5 uley 5 e Sy e
Slaesly 5 ame Jolgo 51 olS O pllan (sukio g
Wl § 55 3, Shee ol 8l gl 53 (o))
b lacs 5 pluld ) pbte 0 Sl Gios
demol (Sl lne 5 40 5 oS 5 gl e 5o S
.Mlﬁ-lj?‘ylféb;ﬂw@jg\ﬁé_&wb

AY

400

LSS cul _aLE (Brassica napus L.) 1518
o Olgr (s, adls OLALS (o S age 31 (S 48
Ol 43 oL ! (Fathi et al,, 2011) 55, o Jlass
221 Sl A5 Ol o i 855 slaadls
b 31 ot Uy g plin o550 5 axils st (glaans
3,05 SLs s slomessT 5 55 ey, 5 5
033 35, L3,y 4 4> ¢ (Daneshmand et al., 2013)
595 5oL s ey VL O e 5 Comer iy
F 50 Al 35S (B gy Gl e B jeme i Bl
ol 30 o b 31 OT O e 48T Sl o Ol ) s
2 sy 0alE s Shee 253l 5 iS5 g

(Khajehpour, 2012) !, d OISl pedaws U5
bl o 55 3K i 4 1S 5 S
g;_o\),'g.{,i.x_”efl_;@_;cd_\j_n,gT
oS s o) s oS Jolse 5 sl Ko
A ails 3 Shas 4t )3 5oL 4d 5 Ad,
5 sL.1 (Koocheki and Khaje Hossini, 2008)
oS15 51 2lssl b (Angadi etal., 2003) Ol )
WS s >l )34 W S IS S 55 6
SIS Gy S 6ol fI s Ll 2
4 g Aoy 55 215 0lS Collae (ST 55 ls 4
A gm0 Sl e (2105 Jole &S5 Ol e
Pl ol b (b 3 ame 1) mlie Sl 0WLE
gl Gl Gos 8 el Sl 0052 Cenl
Ll 5 e 45 555 o0 bty OLE 5 Shae S0
Eom e 3 S ailate oy glailats )
.(Zabarjadi and Ghobadi, 2009) il & glite 5 535
5,135 (Laansite et al., 2008) O,LKas 5 sy
‘5,\;&,}_»4_{\}1544\;;,&&;4_(4_53;
Y gU{Ju PUE PPCYJUE JUCY PRI B JOW
A &g ag o515 85 Cloals 0L b gy S
wm;_.xfu;,u,xnriwﬁﬁj;&u
Sl L;Uarﬂj: > 9 (Zabarjadi and Ghobadi, 2009)


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.1.6.0
http://agrobreedjournal.ir/article-1-1122-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1400.23.1.6.0 ]

"M-AF AF O, L;:L:Tc'f Sl ol (3L ghoen 5 65 g oS5 31

(TS il Al o laesls Sole ol
5055 e YFY aibite sULe S5 ks
G0l =l s =l sl s bues L S50
93 b SbesT gl o Joes oolislpa 5T das e
Jeoee &S Sl 5 ) S0 s iala T L

C_,.w‘ ol 45‘)‘ \ d)u\:- 2 &LA)T

B Rjinfall ). ==C==Average monthly temperature <ul sl S

90 )
%0 4 2015-16 L33
R 70 4+ 1TF-40 130
LB %7 125
>° 01 a
WE e I
LR
O - 10
10+ r3
0 4 -0

v o3R8 oty % ow A
g 3 z 3 2 2 2 ¥ 2
w0 z 0 E 2 g B
=g ‘5 5

Month ol

Temperature (C)

b 599 3Mg0
ol 3,3 gla S ) son i lasT ol
an ly oolas JolS glacS ol - b B s )5S
(1190-4% 5 \FAF-40) ol)) Jlo 33 Soe 0 1SS
et 5 ol Sl s go (5L Fr v a5 5
P oamn0) oldlir dsb L s S 5 5d s g

4235F4 gas oY0 Lol 6,0 5 3,0 aads

B Rainfall F.up =0=Average monthly temperature  wisbi gl S
90 40
80 T 2016-17 133
70 + ra8-47 ~
z )
.8 97 T35 B
=
\._i\ = 50 + 1y 3 Jg
hE w7 115 B
S 307 g
20t T =
101 T3
0 4 + 0
P2 ' D
o 3 E‘\ _)) T) 3 3 :
23 2 & 5 5 5 1 z
Month L.

1¥40-47 5 \VAF-20 ol sladle s u:.iLaJ'T Sl Joe uf,u)p) Les ‘-ﬂfsl:ﬁ—\ Ji.»
(C; stu‘}é a@;‘.wi‘)
Fig. 1. Mean of of temperature and rainfall in experiment site during 2015-2017 (Karaj meteorology station)
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Table 1. Physicochemical properties of the soil of experiment site

ST Gas o e o A =k
J Depth &S sl Sand  Silt Clay Ses P K wdal SO SNCls
year (cm) Texture %) (%) (%) OC (%) (mgkgh) (mgkgh) pH EC (dSm?)
0-30 ot g 45 29 0.96 14.1 189 72 1.49
Loam-Clay
2015-16
30-60 oty 47 26 0.99 14.8 169 7.1 1.25
Loam-Clay
0-30 S 28 0.85 136 214 75 152
Loam-Clay
2016-17
30-60 ety 46 27 091 13.9 196 7.7 121

Loam-Clay
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Table 2. Mean comparisons of agronomic traits of rapeseed genotypes in interaction effects of plant densityxSalicylic acidxgenotype treatments

A:M.SEJ: qu| IS s 55 i) ol Bl 5o o) P A s ey el s 2 4l
Plant density.m? Salicylic acid Rapeseed genotypes Plant hlgt;ht (cm) No. Silique.main stem®  No. Silique.branches®  No. Seed.main silique!
HW118 148.3a 85.0a 107.4a 27.1a
WPN6 142.4h 71.2b 90.8b 24.4b
O s e HL3721 141.0b 67.8b 87.2b 23.9b
Zero L14 151.3a 90.5a 114.9a 28.4a
Tassilo 139.9b 66.8b 85.6b 23.6b
40 Natali 149.8a 87.8a 110.5a 27.7a
HW118 148.9a 86.4abc 107.8abc 27.4abc

WPN6 146.0ab 79.9bcd 98.9bc 26.1bc
BTt HL3721 144.5b 76.6cd 96.5¢ 25.5¢
1%o L14 152.7a 92.5a 117.3a 28.7a
Tassilo 143.9b 74.8d 94.6¢ 25.1c

Natali 150.7a 89.3ab 113.1ab 28.0ab
HW118 138.4a 63.6a 81.8a 22.9a
WPN6 129.4b 41.9d 60.8b 17.0c
O s e HL3721 130.1b 43.4cd 61.9b 17.4c
Zero L14 137.0a 60.5ab 79.3a 22.3a
Tassilo 128.9b 40.6d 59.2b 16.5¢c
50 Natali 133.5ab 52.9bc 70.6ab 19.9b
HW118 139.3a 65.3a 83.9a 23.3a

WPN6 131.8b 47.9¢c 66.5¢ 18.8bc

BTt HL3721 132.2b 49.2¢ 67.7bc 19.2bc
1%o L14 137.7a 61.7ab 80.4ab 22.7a
Tassilo 131.3b 46.3c 65.1c 18.2¢
Natali 134.2ab 54.7bc 72.3abc 20.3b
HW118 128.0a 38.3a 57.2a 15.8a

WPN6 124.9ab 32.1bc 48.6b 13.6bc
O e HL3721 123.1b 28.4d 44.0bc 12.1d
Zero L14 121.2b 24.7e 38.2¢ 10.7e

Tassilo 123.9b 30.2cd 46.2bc 13.0cd
60 Natali 125.9ab 33.9b 51.7ab 14.4b
HW118 128.4a 39.4a 58.5a 16.0a
WPN6 125.3ab 32.9b 50.3ab 14.0b
BTt HL3721 123.5b 29.2¢ 44.8bc 12.5¢
1%o L14 121.8b 25.4d 39.8¢ 11.0d

Tassilo 124.4ab 31.6bc 47.2bc 13.2bc
Natali 126.4a 35.1b 53.0ab 14.6b

L, 613 gme Sl s> gy Jlez] 53 (LSD) s gns oslis Jolaom 39057 ol citeas 65 2hin g o (6413 457 ol 5 S0Ls O gt s o

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 3. Mean comparisons of agronomic traits of rapeseed genotypes in interaction effects of plant densityxSalicylic acidxgenotype treatments

dﬁ(,.flj &L...JL»J.,\..»I ‘JJ\{‘_;LA\_»:;}JJ J.>)}>)me als i 058 AJ\AJJ.{LQS« als o
Plant density.m?  Salicyiic acid Rapeseed genotypes No. Seed siligue’t in branch 1000 seed weight (g)  Seed vyield (kg.ha!)  Oil content (%)
HW118 21.5a 4.9a 5204a 43.0a
WPN6 19.3b 4.3b 4475b 42.4b
3 e ple HL3721 18.6b 4.2b 4238b 42.2b
Zero L14 22.4a 5.2a 5526a 43.3a
Tassilo 18.4b 4.1b 4098b 42.2b
40 Natali 22.0a 5.0a 5370a 43.2a
HW118 21.8ab 5.0abc 5242ab 43.0a
WPN6 20.6ab 4.7bcd 4912bc 42.7ab
BTt HL3721 20.1b 4.5cd 4753bc 42.5b
1%o L14 22.6a 5.3a 5629a 43.5a
Tassilo 19.9b 4.4d 4649c 42.5b
Natali 22.3a 5.1ab 5448a 43.2a
HW118 17.7a 4.0a 3931a 42.0a
WPN6 12.5¢ 3.2b 2804c 41.2b
3 e ple HL3721 12.8¢c 3.2b 2837¢c 41.3b
Zero L14 17.1a 3.9a 3785a 41.9a
Tassilo 12.2¢c 3.1b 2723c 41.1b
50 Natali 15.4b 3.5ab 3191b 41.6ab
HW118 18.1a 4.1a 3986a 42.1a
WPN6 14.0c 3.3c 3025¢ 41.4b
S s eSS HL3721 14.5bc 3.4bc 3055¢ 41.5b
1%o L14 17.4a 3.9ab 3860a 42.0a
Tassilo 13.6¢ 3.3c 2984c¢ 41.4b
Natali 15.8b 3.6abc 3346b 41.6ab
HW118 11.5a 3.1a 2594a 41.0a
WPN6 9.8bc 2.8ab 2211b 40.7a
O3 e ple HL3721 8.6d 2.7ab 1822c 40.5ab
Zero L14 7.4e 2.5b 1515d 40.2b
Tassilo 9.2cd 2.8ab 2006¢ 40.6a
60 Natali 10.4b 2.9a 2338b 40.8a
HW118 11.8a 3.1a 2690a 41.1a
WPN6 10.1bc 2.9ab 2297bc 40.8a
S s eSS HL3721 8.9d 2.7ab 1925d 40.5ab
1%o L14 7.7¢ 2.5b 1630e 40.3b
Tassilo 9.5cd 2.8ab 2135cd 40.6ab
Natali 10.7b 2.9ab 2435h 40.9a

L, 1> gme D& A 5> Ju,lé_éa,,: (LSD) ,ls gmn o5l Joluom O 5037 bl ekitn Otk o - ()l S 2, Sle O gw s 53
Means in each column followed by similar letter(s) are not signl?cantly ifferent at 5% probability level, using LSD test
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Table 4. Mean comparisons of agronomic traits of rapeseed genotypes in interaction effects of plant

densityxSalicylic acidxgenotype treatments

wls 3y 5 Slas s 2 Shes 5 s

Gy aS15 Sl Al S sles s Oil yield Biological yield  Total chlorophyll
Plant density.m?  Salicylic acid Rapeseed genotypes (kg.ha'h (kg.ha't) (mg.g-1 FW)
HW118 2234a 20670b 1.98a
WPN6 1895h 18511c 1.80b
O pde HL3721 1788b 17839cd 1.76b
Zero L14 2392a 21705a 2.04a
Tassilo 1727b 17600d 1.74b
40 Natali 2329%a 21116ab 2.0l1a
HW118 2268ab 20876ab 2.00ab
WPN6 2107hc 19682bc 1.92bc
S ses  HL3721 2020c 19245hc 1.87c
1%o L14 2444a 22064a 2.07a
Tassilo 1971c 18983c 1.85¢
Natali 2352a 21420a 2.03a
HW118 1656a 17014a 1.68a
WPN6 1159c¢ 12313c 1.25¢
O e pde HL3721 1171bc 12573c 1.27bc
Zero L14 1588a 16308a 1.63a
Tassilo 1118c 12041c 1.22c
Natali 1329b 14264b 1.40b
50 HW118 1681a 17280a 1.71a
WPN6 1255h 13497c 1.34bc
NPyt Y HL3721 1265b 13753bc 1.36bc
1%o L14 1626a 16730a 1.66a
Tassilo 1238b 13117c 1.32c
Natali 1390b 14850b 1.45b
HW118 1064a 11509a 1.18a
WPN6 901bc 9709 ¢ 1.06abc
s ple HL3721 739d 8475 ¢ 0.97cd
Zero L14 609e 7316 0.88d
Tassilo 814cd 9039 d 1.02bc
60 Natali 956ab 10338 b 1.10ab
HW118 1103a 11831 1.20a
WPN6 935hc 9974 1.08ab
B PrYcY HL3721 779d 8771cd 0.99bc
1%o L14 656e 7610d 0.91c
Tassilo 868cd 9392bc 1.04b
Natali 994b 10531b 1.12ab

L1 (6 la e sl wﬁ@du,\ch”;(LSD))u@n gl Bl 39057 ol cltteas 657 2hin g (5413 457 ol 5 S0ls O gt s o
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Effect of plant density and foliar application of salicylic acid on agronomic traits
and seed yield of rapeseed (Brassica napus L.) genotypes

Ganj Abadi, F.}, A. H. Shirani Rad?, B. Sani®*and H. Mozafari*

ABSTRACT

Ganj Abadi, F., A. H. Shirani Rad, B. Sani and H. Mozafari. 2021. Effect of plant density and foliar application of
salicylic acid on agronomic traits and seed yield of rapeseed (Brassica napus L.) genotypes. Iranian Journal of
Crop Sciences. 23(1): 81-96. (In Persian).

To investigate the effect of plant density on agronomic traits of winter rapeseed (Brassica napus L.) cultivars
under foliar application of salicylic acid a factorial split-plot arrangement in randomozide complet block design
with three replications was carried out in Karaj, Iran, in two cropping seasons (2015-2017). Plant density at three
levels of 40, 50 and 60 plants.m™ and salicylic acid at two levels of 0 (non-application) and application with a
concentration of 1y, in two stages of 6 leaf and stem elongation were assigned in main plots and rapeseed
genotypes; HW118, WPN6, HL3721, L14, Tassilo and Natali were randomized in sub-plots. The Plant density x
salicylic acid x genotype interaction effect was significant (P<0.01) on plant hight, number of silique on the
main stem and branches, seed number of silique on the main and branches, 1000-seed weight, seed vyield, oil
yield, biological yield and total chlorophyll content. This interaction effect was also significant (P<0.05) on seed
oil content. All rapeseed genotypes showed positive responses to foliar application of salicylic acid at different
plant densities, and L14 and Natali genotypes in 40 plants.m* and application of salicylic acid had the highest
seed yield (5629 and 5448 kg.ha!), oil yield (2444 and 2352 kg.ha*) and 1000 seed weight (5.3 and 5.1 g),
respectively. Therefore, for rapeseed production, especially in low densities (40 plants.m), foliar application of

salicylic acid is suitable for increasing seed yield.

Key words: Chlorophyll content, Rapeseed, Seed yield, Seed oil Content and 1000 seed weight
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