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Effect of foliar application of micronutrients and salicylic acid on seed and oil yield
of canola (Brassica napus L. cv. Neptune) under drought stress conditions

Fhelonl daml 575 siils dllile 7 (g5 s ol ¢ e s

ol

.o
(Brassica napus L.) Ysis aihs ;855 55, Shas 1 Shdlo dal 5 (gdie sy ol bdgboee 51 F Y . uslowl 1 § 59510 .0 (59 yud & (S ¢ 0
FAB- 1 (1) YE Ol (2l0) pole 458 . Sis 5 Ll 5 55 05 o35

(S i Ll 53 YIS 415 (£9) 9 8 ot 3 Sl vl § (S35 pobis (B Jabre ST (1 spbites
=133 Jhw 90 50 5 =T 4w b Solai ol Slaes gl 7 b cdB 50 g5 b ond 0 5 SO 7 O yg04 iwbo3T
A 33 Gkl g 99 38 Gkl Jold 83bo3T (Sl slowd kb 15! Ol OIREHNS (5339LE5” ouEiNS 15 1FAF-AY 9 45-1740
b Jakxe 9 ol G 7 53 (Az) ((Kis i) 4o 30 Cud b w38 Te 53 Gl § (A1) (U O3u) 4830 Cud )b W03
10 (C1) shoo gt slazr 33 Skl ! (S5 Jalmo 9 (B2) S50 55 93 cald 9 (B1) jho 15K 9 895 (BT yole cus 5
Slgom pal™ cal SKis b5 457 310 Olis gu b .wud 4 F i jo £ 9 Sl 5 50 Va0 L (Ca) 1/0 9 (C3) < (Ca)
olie Sl Jakomo .l (Ao 30 TY) oSy a3 3T Cudlad 1381 9 (o3 ¥+ /F) digy 10 w355 Soai (Ao 33 1Y) udg 4ls”
L bl sl (06 S gk slowd 53 .0 F (o3 1) Ladgii gl 9 (e sd 1Y) Jdg 57 (Slgizme (il 91 Sl (Shho 5
(o gin g5 oks™ VIVF) OT (65390 5@ o oy Vb 0T s (o33 Fo/R) 418 15895 O 3m0 039 shibad sY g0 o + /0 ctalé
V8 el ol (S2b Jghomo § B panns” polis 5130 33 33 (b Jolowo 4o 30 S B Ao 3 Ar 38 ST Solosd a5 90
38 ST Golowd sy 31 (HUSD 50 o T ols” FFYY) Jof Jlo 50 418 3 Shos 510 oy yuid .ol Sty (A1B2C4) 5¥ g0 o
29 9 (A1B2C4) 3¥ g0 o /0 el sl il Johono 9 (SARo 3y polic 3138 50 98 b Jolono ds 30 Cud b o33 A
Sho 32 polis 310 53 95 LAk Jakre o) io Cud B e s Ar 53 ol (Salowd oy 51 (HUSD )3 7 aks” FAOD) P9 L
Olo 30 B pmctn ( K b T3y 38 45 315 LS gl .o T sty (A1B2C3) 5¥ g0 o &5 bt s puil S S gxo 9
20 P 5 ol 1FFR) (295 & Khos 10 Jxo gl I Eaal 9 0 d 5 4510 & Whos gl I Easly bl il § (SAR0 3y polic
(593 0T Sajps yoie 5 B Jslome Siale3T ol S ool (S 53 579" A-T) MBS sl & o (S50
By o0 (Ki i Tl yh 50 Yol di10 3 ;Chos 8 gugr Etl abumdls ol Y g0 ao /0 e b of o 50 9

Yoill™ 9 B panns” yolia (( Kis i Glowd 1y T (5390 3@ 1Sl o3y

Wb gn I3l o555 (657 3l o ntn lie ! VMY S dy gl VF VYV il 5 a6
(Younesmir80@yah00.Com s s s3I Cmy) (ukS” 431850) 051 el T o el 3 o8l (55,558 oSl (5 5875 st gal 2513 )

Ol ealTp 5 0l S o315 (6555158 0aSCils (67 (6 smelils =¥

O el ealTp 5 0l S o315 (635528 oSkl by sbool ¥

Ol e3bTp 5 Ol 3 oils (6558 0l slowl F

YAQ


mailto:Younesmir80@yahoo.com

\F"J.:'ili‘V")L“‘:“f)l'é’;}‘:"“‘:’.‘u?‘"O‘jl‘gsc‘))'f}i;4‘,)‘:‘3"

& s e 5 b oyl s ST L 5
SLasT &S5 s (Marschner, 2012) 5)ls id
3 8es 5 ddy Sl el GT0ST 5 o sl Ol
5635 AT S o555 Sleslial Sy s 155 4l
OT 3 Shee 2alS 51t 3 Y0 0l o Eoly 5K
S Cowlods 3,058 (Payendeh et al., 2020) L&
el 58 5 55) din s olie (b sl
ST e 2T 5 S5 IS sl 1
.(Khodabin et al., 2019) A& |S" olS >

0345 Sl iy oSt S Sl
Sl sl cagr 2 ol (K558 slaan T3
w55 53 S0 A A e 5 Ay o a3 S
ol o Gloa 5 Sl i 5 laas Sy, 0D
.(Akbari and Maleki, 2018) A el ¢SChula
el IS 5 Sl el 3] e
ol T e slaslas o Jods 157 e 2ol 531
I S S e s
o Ll 24 55 9 (Kalantar Ahamadi et al., 2017)
S a0l 5, Shas glo )5 ¥V il 3l sl St
.(Mohammadi et al., 2019) &

a iy sy el 53 1S olS Cmal 4 e 1L
5 okl s gdoe Jolo o e TS A5 S
25 Olidos 4 5L 095 00 slad 4 01l 53 1IST U 5
5 5035 TS 5 i S S
sdhen) polie O pan Cote la e g Lk o0
L bl hags ccalbee OLE s eSChudle d
L (St 5 e il Al Ol 51 e
03 Shdle dul 5 (g5 olie (3L shone
Al | Y g

by 5959 3Mg0
03 WYY el 5 dlw g5 55 Jragss ol
QL’;_«AJJ cmb &j)ﬁ‘.ﬁf a“‘b L;)'”Lif 4 ) ;e

YA?

4ok

OLals 5| S (Brassica napus L) |IS

b Sl g a8, sl L g 289y 45l
QeSS e gy 413 oLS e g3 (Glycine max L.)
PP =TS 5 (Sis (FAO, 2018) ol Olgr
ah Jled o 1S W5 5 el ediS s o Jule
e 555 S S e 1 (S 55 S
@l ST Ll b (s S b 5 s
(Majidi et al., 2015) u_sb s olLE A iy >l 0
oS 115 55 S s
WES Epl g0 e il Oud 1y JS S
(Keerthi et al., 2017) 3 55 0 oLS 5, Shes 2alS
(Sis i5 aST Ceal esls QLS Sliie gl
ST 5 VL o 5T el 580 sl
J=2545 Ol e ,2alS” 5 (Hatamvand et al., 2014)
2019)

sl sl S «(Mohammadi et al.,

053 8 o= 03 4l sldsi s g 55 () 55
sl 5, Shes 5 (aberi et al., 2015) asls ,l;a
355 00 15157 olS s (Payendeh et al., 2020)
oslizul o gdle S ol osly Olis Sladss @L:Z
Sesleal ) pis Gladaows a4 Jozis Slads o
bomlin (23555 dle oy a0 mee Sl S,
sﬁ,sjﬂﬂu)u,&umﬁmgw
35y Sl 15 g ¢ ame Sla 25 4 oS Jass
Lo b 158 Cely) o O ag o e 5 L
FKe 5 Sy el e 4w (Assefa et al., 2017)
Aol i 4 ds el gy gdke iy jele sle I i
S ATl b 5T 51 ok S35 52 AT
Sl 52 50351 £35S g 5 oS 393 Joo ba J3U )
15 e gy Sy IS Ll 05t
Slr 5T b > (g B 55y e
oS a5 s RNA S5 Gl s 5 ses
333035 i STYD , S LSS 5 & s yls sy

e s 53 o 5 Lol 5 O ponlionSTT (Lo s



TYABY N VBN DL 5 e e sdie s oo SLd e I

S g Slw ¥ U jas Ges )l SisbesT 6l o)
B SLa S s 5 4t oS e aS el s e
el glae = (Y Jsdm) d s OT ol
Sl 3 s alls 5, Shes 5 (Y Jgdsr) STl 0 5037
Ot 30 (6355 ao 5 Ll caibote 55 YIS
At LS 53 0 S ASV (F Usi) 5588 ST
Oend d LTSS (g 5 Dlaed g 3 S e 5D

359 oj;,_::sp?j_gfw Sl e A 6303

Lo Jld adds YA 5 ax 3 YY 5,0 5 (3,4 4ids
S Ak oSl 5 L gl 5 e VY0 el
a3 WY L gie glos 5 e Lo FAY/V aUL
Jlu 51w 0F et HLeT bl ) o1 & sl
2l bl ) S aes o Bl 5 (VAP G AYF
OalaT () Jsds) ds Lo (0 e 5L
grb s JosSbekd s 5 s ST sen
S s sl 1SS aw b dolas el slaeS 4l

(1¥0-1¥4Y sbTe 2) GiolesT ol o Joms (il ga SledbI =Y

Table 1. Meteorological information of the experiment site (Khorramabad, 2016-2018)

9 sles S0k
SNl Mean of air temperature ST Sl g pazme
Precipitation (mm) (°C) Total sunny hours
Fa0 -7 a5 -y Fa0 47 a5 -y a0 -7 a5 —ay
Month oL 2016-2017 2017-2018 2016-2017 2017-2018  2016-2017 2017-2018
October 4 0 0 19.8 20.4 277.1 302.4
November oLt 8.6 2.8 155 15.7 220 219.9
December 55T 66.2 36.6 7.3 7.5 204 194.1
January ©s3 82.6 50.1 6.9 7.6 157.6 205.2
February s 101 68.7 4.2 8.3 184 154.5
March Akl 443 62.7 9.4 11.7 226.2 207.3
April psp 80.8 103.7 14.0 15.2 198.3 222.7
May Syl 32.8 151 20.1 17.2 274.9 194
June sls & 0 12 24.5 24.6 382.9 318.6
ST gl ol s oSl sloasd 5 (SO Sluabein =Y Jod
Table 2. Physical and chemical properties of the soil at experiment site (0-30 cm)
Sos A ey T e G e
Year Ju oc ™ P K FE Mn Zn Cu  wu S SUeylas
mg.kg? pH EC (dS.m)
2016-2017 ras-a% 0.67 75 258 5 38 044 085 1.7 0.64
2017-2018 yrag-av 0.78 74 262 4.8 38 048 081 7.6 0.64

J...;JJYY‘/V' Zgbjg’,.;‘;]é;r;;l;,:r;\/?\/Zd{u&,auf}@uoj}c(%»M_;:"f’}"}iv\..p)brqcuu).\,aj:rb)w)@jjiéfgu\{

Soil texture: clay loam (Clay 35%, Silt 36%, Sand39%), Bulk density: 1.57 g.kg™* and Fc: 23.70

IS olE (gl &S olde olie gl gme Sl o A ¥ J g
Table 3. Threshold of soil nutrients content for rapeseed (Khademi et al., 2001).

A el AT S s e
P K Fe Mn Zn Cu

Nutrients Lole mg.kg?!
Concentration -k 15 200 5 5 1 038

YAY
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Table 4. Amount of water used and number of irrigations

2016-2017 ran-4#

2017-2018 yras-av

S SR ran o Sl
Amount of ol sl Amount of ST slass
water used Number of  water used Number of
Irrigation treatments olT sl ls (mé.hat) irrigations (m3.hat) irrigations
80% FC (Normal) w50 b bt ys Ar 3674 5 3716 3
30% FC (Stress) a5 b Ao st 3302 2 3499 1

Amount of water used= Irrigation water + Effective rainfall

dﬁL—nﬂ‘ﬁ.)}—fJ‘QG—;&‘ L;Lﬁj)‘b)}_o Qud—:lg
=) sdle ;3 Sa5,b Ol V e Sledb
FAV/Z 5 FASIT o s \FA5-AY 5451740
N r2eS e e OY SVIIF i s &S 55 ek

YAQ

S ST Ol =0 pae O lutie

DS 5 Syl 0505 plasil 31 day aesls 4 s
ALy il T sl il ol 035 - Ses
s o el dala e Ol g Jl o8 5
L i e (b el olnly Lmesls Lol
3 oS o ) g0ty SAS Ver9.1,1 55l 5 Sl eslizl
e 53 S 55 05T Sl esbinal b a0k aglie
A (slaril A 7y Jlea>|



\F"J.:'ili‘V")L“‘:“f)l'é’;}‘:"“‘:’.‘u?‘"O‘jl‘gsc‘))'f}i;4‘,)‘:‘3"

(O Jsiz) ol oss £

Lo il S 513 0Las S e il ls 4 0 s
S 5 Sadlodnl 5 Gdie ) pole (Jle
& s el 555, Gl 5ol T s i
L3 gyl Sme

£33 Jlw 53 48 503 Ol La p ke aglie s
Sl g e Jol Jle 4 Cd a3 555,187 (g1 g
s ime il 3l el gdie iy olie il o
Ol e cp AN 5 ol i Ll 5,555,157 (g 5
s (5 035 0,5 2 05 hon 1 /FY) o 555,18
Sl el (5L o o7 313 Ol s T
&l s Sl o 215511 S ) 5k
e 5 4Bl Gl LS ey s 55,8
2 (G 05308 28 ke /59 las 555,08 O e
oS s ol SUlodinl HY g0 L V/0 Hles
;EMMJJYAQTJMCUQW
gr‘:‘b-d}‘\"" S Cwl sl d:'J‘Jj (0 J).«\_v-)
el Sis i ol i s eSladle d
PRS- S S PNU R I P g U PO |
51 Sl Al (Kalantar Ahmadi et al., 2017)
S b bas e GLa0S (e sis) v 22 b
55 o g 55,8 Ol il 31 Eel SAGL02 sle
E28 b & s &5 55 T .(Morris et al., 2000)
(b3 JS i 53 5 Lol OLALS ps 5 s (o
3yl Sl w5 IS sl 5 s SO LSS
SialS ens olE 53 T 358" (Marschner, 2012)
s 45 9,8 o gmma 2alS L ey IS 5a
.(Fathi Amirkhiz et al, 2015) c—ulol —on
3508 03,5 Ok p b gdia sy polis (AL s
a3 sl el 5518 e 1 L oSl

4.

(1) dlw 33 555 (me e FAY/V) 2o La 3T
gl e S lad
(Wl S48 515 0Las S il 4 S
Sl dl 5 iy 5 ol (( Sis i
@ gmme — Sl sl 53 Jlw 1Sl
Lo rSile tmlie gl i s 3 gime &5 L3 IS
oS e VAY) 85 IS Ol m o 2 S 5l LS
s Jol i O sl 53 (505 {’J—f
o S35 S st pa 1Y il el (S i
b 2531 Jds s Sl g n 5 go o) A
Al (St S bl s Yy ST 0 5T
ey ole il J sl (Yang et al., 2016)
U9 IS (gl s (Ao 33 10) s ime ol 31 Esly
L5 (0 Jsds) db O e pide Lo & o 5
IS 5568 1 Jos IS Ol se ot Jlu 3 & 515 Ol
Sl e o YL St slacble
aM,vygf\/a)eiidugm(,pJuP
s 0 Jsim) sl 15,68 1 by IS Ol
dl e 53 (Sist 2S4S Sl 0nls Olas Slisdoss
Ol LS Ll [5IST g rs 55 5 (235
Skl sl (B gl el 2D 5 Juds IS
2 8 b IS Ol (g3 VY il il el
Sl dwl e 31 .(Mohammadi et al., 2019)
33 Ll o (6w 5 SaaloS ) (gl gen i3l
25 A5 s 5 Lol 055 25 e plie L L
9 s &S Sl 0k 3,05 .(Shi et al., 2006) sl
Sl g=mea Hls e il 8l Eel gdre iy —ole
4y (Khodabin et al., 2019) 4.3 1387 55 Lsy IS
Gl 3l g ) ole (Sl gloe S ) s
Sl Eel aT o g molis 35S O
3 s Sl el (B slons 2 5y J35 1
Cblim Eoeol SiSTly o 3T b 41530 G b
sl ST gla 2 STy Sladw Jolie 45 oLS



TYABY N VBN DL 5 e e sdie s oo SLd e I

Sl ol 5 a5 jolis 34 sloen 5 LT Sl 53 VI Al Sliv Sl auglie — 0 st

Table 5. Mean comparison of plant traits of canola in irrigation and foliar application of micronutrients and

salicylic acid treatments

Jos N5 s 55,15 ST, als > Slos
Ju Chlorophyll Carotenoids Peroxidase Seed yield s 3 Al sl
Year (mg.gt FW) (mg.g™ FW) (umol.mg! FW) (kg.ha't) No. Seed.silque*
2016-2017 \vas -5 1.78b 0.39b 3.13a 3004b 20b
2017-2018 ya5 -av 1.84a 0.41a 2.98b 3704a 22a
Jos XS
ST slales Chlorophyll ST,
Irrigation treatments (mg.gt FW) Peroxidase (umol.mg™* FW)
80% FC (Normal) 4,50 cd b dwsys A 1.93a 2.70b
30% FC (Stress) s i o b awys ¥ 1.70b 3.43a
Jos A5
iy polie Chlorophyll s 45 5,18
Micronutrient (mg.g* FW) Carotenoids (mg.g* FW)
No application 4 e ps 1.69b 0.38b
Foliar application (2%o)  bJ sl 1.94a 0.42a
ol 55,5 abs e,
Sl el Carotenoids 4l s Slas Seed oil content s 3 Al slaw
Salicylic acid (mM) (mg.g™ FW) Seed yield (kg.ha™) (%) No. Seed.silque™
0 (Control) v 0.36¢ 2961c 39.8b 20c
0.5 /0 0.38b 3283b 40.9a 21bc
1 g 0.42a 3518a 41.7a 22ab
1.5 \/0 0.43a 3653a 41.5a 22a
Jos X8
Sl Ll Chlorophyll (mg.g* FW)
Salicylic acid 2016-2017 \ras-4¢ 2017-2018 1ras-av
0 (Control) v 1.54b 1.65¢
0.5 /0 1.87a 1.80b
1 kY 1.90a 1.94a
1.5 \/0 1.82a 1.98a

x)\xé)l;&*po;w“p@_]m,-lchﬁ):;j Oijwb‘ﬂ&ng;ﬂdj‘f-d‘)lJS&“ﬁ\:ﬁo‘,&jﬂ)l
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using

Tukey’s test

Il 53 (5 033 08 ko 53 g3 o ) 1S,
(sl e+ 2T sk (65l S 7 53 il
ol N o e S bl + gl rep ) olis
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Sl il Yy a o 10 Sl g ae

o7 i
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Table 6. Mean comparison of plant traits of canola in interaction effect of irrigation and foliar application

of micronutrients and salicylic acid treatments

ST $ls > Shes
LT sla,les ¢Sdodle at Peroxidase (umol.mg? FW) Seed yield (kg.ha't)
Irrigation ke ol Salicylic acid \ran 49 \rag -qv Y40 49 \¥a5 Qv
treatments Micronutrients (mM) 2016-2017 2017-2018  2016-2017  2017-2018
0 o 2.70gh 2.46ij 3143de 3520efg
gl pte 0.5 . /0 2.97efg 2.74fghi 3414cd 3824cdef
No application 1 e 2.81g 2.87efg 3679bc 3917cde
4850 b b A3 Al 1.5 Vo 2.45h 2.81fgh 3497cd 4121bcd
80% FC (Normal) 0 o 2.68gh 2.34j 3430cd 3841cdef
b gl 0.5 /0 2.87fg 2.51hij 3760bc 4212bc
Foliar application (2%0) 1 te 2.90fg 2.69fghi 4003ab 4956a
15 \/0 2.64gh 2.60ghij 4425a 4483ab
0 o 3.18def 3.00def 1830i 2580i
sl e 0.5 /0 3.58hc 3.15cde 1990hi 2806hi
No application 1 & 4.00a 3.37abc 2163hi 3050ghi
ESSTRGN S-S 15  w 3.37bcd 3.61ab 2376gh 3350fg
30% FC (Stress) 0 e 3.28cde 3.21cd 2217ghi 3126gh
Hhd sl 05 3.53bc 3.32bcd 2598fg 3663def
Foliar application (2%0) 1 S 3.70ab 3.69a 2645fg 3729cdef
15 3.45bcd 3.41abc 2895ef 4082bcd

L5 (5513 e D3 A3 ey Szl o )3 (S5 050 T bl s &S 20 o (115 6 (gl o S0Le O gt 2 3
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using Tukey’s test
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o el GAJJ_f a0 53 OT Cosgd s
Sy 3 s S 2alS 5 s 8 Liw s S
Aol 5L sle .(Jaberi at al., 2015) 555 o
Sl (Ao 53 VP Sls me ol 53l Easl oSl
i (Ezzati et al., 2019) 4 i 45 5 55 o)y o
396 Sl sl oL glons b oS iy o
Lyl b gl 50l E 53 OT sl Lo
ansys g odd ol b (6 it sLa S il 6l
Aol oo Sl bl oS s il sl sl

.(Cheraghi et al., 2015)

5 &Shedle dnl 53 (LT 2K 5 5LT Jl
g 3 Sl il 5 (LT s Jl S
)‘)ﬁﬁﬁ)bﬁ)}é)‘.@'ﬂ“)b@d%\
S 1 4S5l DL b e g lie gl s
LS el oSl d il s S i
P L PN W Ve Y \N WS y-RUV- ST KA ¢
Al (o Bhd e 5 s RS O Ll 5 s
O 55 A Sl e ol 58 el oSl
Ll 5 s Sl dwl g lile STAS w6 )
e oo /0 s gl 53 5 6 25 O

Sl e 03 g 55 ey 7 A (Y J i) 5

Sl el 3L sl 5 LT slasles 2ilan 5 53 Y5 s Shae gl Kb daslan -V J g

Table 7. Means comparison of yield components of canola in interaction effect of irrigation and foliar

application of salicylic acid treatments

Gkl leoles Sl ! G503 o Sl als 558 85
Irrigation treatments Salicylic acid (mM)  No. silque.plant? 1000 Seed weight (g)
0 i 92b 4.13b
05 95h 4.26a
80% FC (Normal o b b SA
bFC( ) oS 1 102a 4.04bc
15 w 103a 3.86¢
0 s 76d 3.35f
0.5 ./ 79cd 3.57e
30% FC (Stress o o s
OFC (Stress) sy e 1 % 80c 3.82d
15 e 80c 3.76d

LI (613 sme gl Aoy gy Jlozml o 53 (S5 D nST bl ks &S 2t o (511 4T la (ple D5 52 55
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level,

using Tukey’s test

BT Sleba 03 i e er 5 0T e 2S5 5
Sl o )3 VY 5 Syl Oljee des )5 07 (55 )
ol ity ol 53 (Jsh Jlo & s BT Sl
SalS 5 S L )l 800 Jgds) Codls bas e
é.i&-uiujjlja\}lfal:?ﬁjfjsﬁba\w
—=>LJ sloee (Ezzati 2019) <!
1o sl Sl e il 3l el Sl dul
Y ge oo V0 58S sl lale 53 s ey 5 s
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olis o L .(Keshavarz and Modares Sanavi. 2014)
CJ._F)l_A.::)J als a0 O._:_J_:Jc\_{:b
Sl sl 5 iy i i e
=ele Ol jan Hlad )5 alls 5l 059 op ien
Sl Al Y s o 2 /0 Cbale 5 gk
33 sl oS mls (A dsis) Sus Lol
23 (p 87312) wls 38 035 op i oS sls OLES 1S
T oy oaT 5 655 b b sl SLes
J=1,e 53 > i (Khodabin et al., 2019)
3 R g 53 IS Gy b Sl s 5 5 a5 S
RS 5 ST Esbenys g sl e ialS
.(Pashan Eslam, 2015) 5 s-% o 1S 55 &ils 4158 05
e Sl S1 Jdsas Ol e 1y @by 158 05y Ll
e pole Olda il s el oSl Al
0095 dsb 5o badls auen,s ol e i JLasl
(Ashraf et al., 2002) 515 s by &l OAS
Lol assls OLad S e bl 4 i ol
5ol s dlw (iKen 5 Shd b sl 5 L
Febe 53 dbw S e 1 igde iy ole s L
23 dlw ST g Sl dal s gdie )
Sl il 3 lre ) olie 5o LT
La 0 Sile gl gl sl e @l 5 Shes
FEYE) by 5 Shas o 5w Jsl Jlo 53 S 515 Ol
RS O Slass an by e QLSS s p 8,8

5 e 45 305 0L iale3T ¢S5 k] VJ94>)
s me 5 Cte Gl 51 el Sl !
i 158 5 ey 5 s 4l sliw (U5 4)
olind 3 5g Sl 4§ g5 opl (Ezzati et al., 2019)
035 o a0 sy 5 plw Lol pad Sl
.(Keshavarz and Modares Sanavi, 2014) "ol o lis
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colal s dlw iiSlen 5 Sl sl JL
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Jlaz! oo 3 Sl il 53 Jlo 5 <SSl
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2 055 A3 iy e mla 5 Sl
48 513 0L b e Al gl i3 51 13 e 413
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Table 8. Means comparison of 1000 seed weight of canola in interaction effect of irrigation and foliar

application of micronutrients treatments

Slragy, ol wls 518 055
Irrigation treatments o LT s, lus Micronutrients 1000 Seed weight (g)
No application b sl pte 4.03b
80% FC (Normal o b b A+ . L. ;
bFC( ) op o Foliar application (2%o) 4 skes 4.17a
No application b sl pte 3.47d
30% FC (Stress PRGN S¥ . .. :
bFC( ) wop e Foliar application (2%0) 2L s~ 3.83c

Ly ol e Dol M)A@Ju:a\cbdjsé}ioijwu\j;Maf,zﬁ«;'}jféblsgdhﬁpgﬁwﬁ);
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using Tukey’s test
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Table 9. Means comparison of 1000 seed weight of canola in interaction effect of foliar application of

micronutrients and salicylic acid treatments

Sl 4l 558 0j
Micronutrients  sise, ok Salicylic acid (mM) 1000 Seed weight (g)

0 i 3.62c
No application S o s 05 3.75b
) 1 K 3.81b
15 w 3.82b
0 3.85b
Foliar application (2%o) _2LJ s 05 b 4.09a
) Y 4.05a
15 e 4.01a

,\S)l.,ungbs'..uQ;Uﬁv\..a).sGgJlablc!a.apL;}:Q}aijL»lﬁcmész_‘u;}}fébbS@Ln_-nfj\:»o):_a,aﬁ
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using Tukey’s test

el gos 50 by gl Uiy i e &l I
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A ST s e e e s (S
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oslizal Js codd 1S 41> 3 Shee 5olS i,y zalS”
LS o, ¥ b 5Kk 5 6y T S e 558
k54 .(Payendeh et al., 2020) 5 S Ol 1y 5 Shas
I b S s s 5K i oy 0
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Table 10. Means comparison of oil yield and water productivity of canola in interaction effect of irrigation and

foliar application of micronutrients and salicylic acid treatments

Sl S35 3 Sas T Sos0
ol slasles ey pole Salicylic acid Oil yield Water productivity
Irrigation treatments Micronutrients (mM) (kg.ha't) (kg.m?)
0 e 1377de 0.89gh
sl e 05 o 1560cd 0.97def
No application 1 & 1687bc 1.04cd
a0 b b Ao 3 A 15 e 1557cd 0.99cde
80% FC (Normal) 0 o 1575¢cd 0.97def
b sl 05 1726bc 1.06bc
Foliar application (2%o) 1 tY 1908ab 1.13b
15 1w 2095a 1.26a
0 o 803i 0.64k
S slos pte 05 924hi 0.70jk
No application 1 tY 1023ghi 0.76ij
4 y5m b b oy ¥ 15 w 1089fgh 0.83hi
30% FC (Stress) 0 o 1019ghi 0.78i
b s 0.5 /0 1224efg 0.91fg
Foliar application (2%o) 1 tY 1265ef 0.93fg
15 w 1449de 1.01cd

.LEJIH\S&)\:&MQ}UJMJ:@JW‘CE.»):;_,:Q_,anwLﬂlj«Mifjmdjfsb\:S&uﬁpbyﬁ):
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using Tukey’s test
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s gesls 5 SU s syl 8 510T i ol (A2BICh) Sl Al 5 (cie 3 5
A o ol 8 LSS s 1y OT (690 g dmess c_epé_:,;uwga\ao\_uu:iuﬂ&@u
ol —5LJ s .(Ritchie and Basso, 2007) s SIS (55 4w 55 OT (5550 0 s imn 22l
23T Gose e ol ol Cel T 5 g5y gdie iy —ole 5L sle (Sadeghinejad et al., 2014)
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.(Abhari and Gholinezhad, 2019)
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Effect of foliar application of micronutrients and salicylic acid on seed and oil
yield of canola (Brassica napus L. cv. Neptune) under drought stress conditions

Mir, Y.1, H. Khosravi?, M. Daneshvar® and A. Ismaili*

ABSTRACT

Mir, Y., H. Khosravi, M. Daneshvar and A. Ismaili. 2021. Effect of foliar application of micronutrients and salicylic acid on
seed and oil yield of canola (Brassica napus L. cv. Neptune) under drought stress conditions. lranian Journal of Crop
Sciences. 24(3): 285-301. (In Persian).

To investigate the effect of foliar application of micronutrients and salicylic acid on seed and oil yield of
canola under drought stress conditions, a field experiment was carried out as spilt factorial plots arrangemnts in
randomized complet block design in 2016-17 and 2017-18 cropping seasons in Lorestan University,
Khorramabad, Iran. Experimental treatments included; irrigation at two levels: (A1) irrigation at 80% of field
capacity (non- stress) and (A) irrigation at 30% of field capacity (drought stress) assigned to main plots and
foliar application of combination of iron, zinc and manganese elements at two levels: (B1) zero, and (B>)
concentration of 2%, and salicylic acid foliar application at four levels: (Cy) zero, (Cy) 0.5, one (Cs) and (C4) 1.5
mM were randomized in sub-plots. The results showed that water deficit stress decreased total chlorophyll
content (12%), Silque number per plant (20.4 silique.plant?) and increased peroxidase enzyme activity (22%).
Application of micronutrients increased chlorophyll content (13%) and carotenoids (10%). Salicylic acid foliar
application with concentration of 0.5 mM had the highest seed oil content (40.9%). The highest water
productivity (1.26 kg.m3) was obtained in irrigation at 80% of the field capacity, foliar application of two per
thousand concentration of iron, zinc and manganeze, and foliar application of 1.5 mM salicylic acid (A1B2Ca). In
2016-17, the highest seed yield (4427 kg.ha*) was obtained from the application of irrigation at 80% of the field
capacity, foliar application of 2%. micronutrients and foliar application of 1.5 mM salicylic acid (A:1B2Ca). In
2017-18, the highest seed yield (4955 kg.ha') was obtained irrigation at 80% of the field capacity, foliar
application of 2%. micronutrients and foliar application of one mM salicylic acid (A1B2Cs). The results showed
that under drought stress conditions, simultaneous application of micronutrients and salicylic acid increased seed
yield and significantly increased oil yield (1449 kg.ha'!) as compared with control treatment (803 kg.ha'). Based
on the results of this experiment, foliar application of iron, zinc, and manganese micronutrients together with 1.5
mM salicylic acid improved seed and oild yield of canola under drought stress conditions.

Key words: Canola, Drought stress, Micronutrients, Peroxidase and Water productivity
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