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

o sles S0k
SNl Mean of air temperature ST Sl g pazme
Precipitation (mm) (°C) Total sunny hours
1¥40 48 1¥45 -4y 1¥40 48 ¥4 Ay ¥4 -4 ¥4 -4y
Month sl 2016-2017 2017-2018 2016-2017 2017-2018  2016-2017 2017-2018

October e 0 0 19.8 20.4 277.1 302.4
November ouT 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 o 101 68.7 4.2 8.3 184 154.5
March il 44.3 62.7 9.4 11.7 226.2 207.3
April 33 80.8 103.7 14.0 15.2 198.3 222.7
May St syl 328 151 20.1 17.2 274.9 194
June sls & 0 12 24.5 24.6 382.9 318.6
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Table 2. Physical and chemical properties of the soil at experiment site (0-30 cm)

ST oS A el AT Rl gy e
Year Ju ocC ™ P K Fe. Mn  Zn Cu  waud Sy
mg.kg*! pH EC (dS.m)
2016-2017 ras-a% 0.67 75 258 5 38 044 085 1.7 0.64
2017-2018 1yap -ay 0.78 74 262 4.8 38 048 081 7.6 0.64
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Soil texture: clay loam (Clay 35%, Silt 36%, Sand39%), Bulk density: 1.57 g.kg™* and Fc: 23.70

IS oS (gl &S olde olie gl gme Sl 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
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Table 4. Amount of water used and number of irrigations

2016-2017 ran-4#

2017-2018 yras-av

YOS SR S RN
Amount of LT sluws Amount of ol slass
water used Number of  water used Number of
Irrigation treatments olT sl les (mé.hat) irrigations (m3.hat) irrigations
80% FC (Normal) w50 b bt ys Ar 3674 5 3716 3
30% FC (Stress) a5 b b Aoyt 3302 2 3499 1

Amount of water used= Irrigation water + Effective rainfall
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Table 5. Mean comparison of plant traits of canola in irrigation and foliar application of micronutrients and

salicylic acid treatments

Jos N5 ks 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 yas -av 1.84a 0.41a 2.98b 3704a 22a
Jos XS
ST lales Chlorophyll ST,
Irrigation treatments (mg.gt FW) Peroxidase (umol.mg™* FW)
80% FC (Normal) 4,50 o b dwsys A 1.93a 2.70b
30% FC (Stress) s, 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 S e ps 1.69b 0.38b
Foliar application (2%o)  bJ sl 1.94a 0.42a
ol 55,15 ahs e,
Sl el Carotenoids 4l s Slas Seed oil content Cras 3wl 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 B 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
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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 S ) 1S,
(sl e+ 2T sk (65l S 7 53 il
ol NV e e S bl + gl re ) olis
ie p S 5 (AB1Cs) ¢Sl
S 5 3 (5 055 05 (ko 53 I gmes S Y/FO)
obe (il gl pe + 2 O g 5L
Sl il Y 5 a o 10 Sl g ae

oT i

RS f r)b J_w BE u\_AT e (A1B1Cs)
23 s Sa ¥/ STy o 55T b Ol
St ) led oS5 0 (5 005 05 ke

AR

a1 48 515 0L S e il s 4 s
Sl el 55 L 2Ses 1 o)l T Wl
Jlw 5 Sl dal 53 (LT )3 Jlo 2Kes
SSen 5 Sl dal 53 ke pole s
Sl dsl 53 (g draj 5 polis 55 LT s Jlo
L3 e SIS o 5T I
5T Sdled a8 505 LS b o S0be e s
J)\JL_W)_sdi SRt
Sbas 4 Lo (A3 WA s Jle 53 5 (Aep 55 10)

S5 S )'\J_ <\J.’.

2T Sl O g s 3 gy i 25 Ok


https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.3.6.1
https://agrobreedjournal.ir/article-1-1250-en.html

[ Downloaded from agrobreedjournal.ir on 2025-12-18 ]

[ DOR: 20.1001.1.15625540.1401.24.3.6.1 ]

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

G LT Cdlab 50595 T (ol 45 ol Ol
»> (Marschner, 2012) 5,5 s )1 5 ;8T 358" 50
Sy 5T S B el (a2 L]
5l B Il 0508 Sl £ 03 e Sl S
Cmilos g3 d sl uST| i o 3 Ol 51 )
A Olsely Glad 58U se Clo ]l €055
Sl i any ol S (sla 2S5 68 )5 55 ags
O U Y Y B S i P o
AU Sl dal 05 Olasply slad 5505
bl dal g 2 a LS oot 55 3 (63L
Al Hlas S ol 0l 3,158 (Siiibi et al., 2014)

a0 Chle +gdie gy jolie EL o
OT Sl oy 28 5 (AoBoCa) ¢Sl Al
#}JJ(HOJJCJJ/L}:‘JJJ}J)&Y/V\C)
5 8dsa gy ol (AL gloes + S O ol
Sy (A1B2C1) Sl il (5L oms pte
b oSl el oL ghoe 5 St 25 1T
OLaSS alasT Jlu 53 58 55 Ve (s oS5 il
Ly gylite ;5 ke, —wolie Jg s
A4S 313 0L 55 e le3T S mls (7 Jpu)
Lo =T Cdlab Jls ine il 35l Eely S
A SIS 55 a8 1 jlauST 5 YU

53 My o 55T Sla g SRl 31 sy Sl 5SS ST, -1 (Hatamvand et al., 2014)

.(Ghassemi-Golezani et al., 2019) . | 8" 6L 33 05950 AuST | odS s Lgl.asﬁ;T DA
kg pols (Blhd sl 5 ST Slsles iSen 2 03 VI S Dliv 58l lin 7 ot
Sl Al
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 dt - Peroxidase (umol.mgt FW) Seed yield (kg.ha't)
Irrigation ke ol Salicylic acid \ran 4% \rag —qv \Yan 49 \ra5 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 Ao s Al 1.5 Vo 2.45h 2.81fgh 3497cd 4121bcd
80% FC (Normal) 0 o 2.68gh 2.34j 3430cd 3841cdef
b gloes 0.5 /0 2.87fg 2.51hij 3760bc 4212hc
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
RSPRGS-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%o0) 1 S 3.70ab 3.69a 2645fg 3729cdef
15 3.45bcd 3.41abc 2895ef 4082bcd
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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 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 dle 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) 456 <o b dsy3 A 1 <, 1022 4.04bc
15 w 103a 3.86¢
0 s 76d 3.35f
30% FC (SUESS) 4o 30 o s s T 05 7cd 3078
- 1 e 80c 3.82d
15 e 80c 3.76d
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level,

using Tukey’s test

BT Slel 03 i e er 5 0T e 2S5
Sl s )3 VY 5 Sl Oljee des )5 07 (55 )
ol ity ol e 53 (Ul Jlo & s BT Sl
SalS 5 S La iyl 800 Jgds) Codls Las e
é.i&-uiujjlja\}lfal:?ﬁjfjsﬁba\w
—bd sl (Ezzati et al, 2019) ol
Sls sl Sl e il 3l el Sl dul
Ve oo VO 58S sl lale j3 s ey 5 5o

S, S0 TN e U | E\ ¥ WP L.

Y4y

Lo 314 313 Bl oS e bl 4 2 ks

23 6T s dle 2Ken 5 Shdlo dal 5 JLa
P R W I
53 s sl Aoy ey Jleil o 55 (gdaa
Qwu&épwuﬁ@u.,\ssﬁ,b@ﬁﬁjf
O3 3 adla sl (YY/F) e s Jlw 4S5l
A LI g (Y /A) Jol Jlw as S (6 iy
13 3l 03 s e 4 Uiy o e

S AL Ol e 03 ki 33 53 oy 5 )


https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.3.6.1
https://agrobreedjournal.ir/article-1-1250-en.html

[ Downloaded from agrobreedjournal.ir on 2025-12-18 ]

[ DOR: 20.1001.1.15625540.1401.24.3.6.1 ]

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

olis = 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 pn o 2 /0 Cbale 5 gk
33 sl eSO mls (A dsis) Sus Lol
23 (p 87312) wls 38 035 op i 4 sls OLES 1S
T oy oaT 5 655 U bl L
J=1,e 53 > i (Khodabin et al., 2019)
35 R g 53 IS Gy b 5l s 5 5 a5 S
RS 5SS Esbenys g sl i ialS
.(Pashan Eslam, 2015) 5 s-& o 1S 55 &ils 4158 05
e Sl S1 Jdsas Ol s 1y wls 158 05y Ll
e pole Olda il s el oSl Al
0095 dsb 5o badls agen,s ol e i Uil
J(Ashraf et al., 2002) 515 s by &l s
bl assls OLad oS e bl 4 i ol
5ol s dlw iKen 5 Shd b sl 5 L
Febe 53 dbw S 0 1 igde iy ole s L
23 dlw STem g Sl dal s sdie )
Sl il 3 lre ) olie 5o LT
Lo 0 Sile gl gl S ls s @l 5 Shes
FEYE) by 5 Shas o 5w Jsl b 53 S 515 Ol
R O Slass an by e QLSS s p 8,8

5 e 45 305 0L Liole3T ¢S5 k] VJ94>)
s me 5 Cte Gl 51 el Sl 4l
i 158 5 ey 5 s 4l sliw (U5 4)
olind 3 5g Sl 4§ g5 opl (Ezzati et al., 2019)
035 T L0 sy g Lo Lol pad Sl
.(Keshavarz and Modares Sanavi, 2014) "ol o lis
du;\d;\sowqfwg,\jqﬁ@u
colal s dlw iSlen 5 Sl sl (JL
Al 53 T cgdia ) —olie )3 (LT
Jlaz! oo 3 Sl sl 53 Jlo 5 &Sl
@ljzéﬁﬁ)ﬁuuiﬁmﬁ)u).s&_i
2 055 A3 iy ez mla 5 Sl
48 513 0L ba e Al gl i3 51 13 e 413
Cls Hla 059 ey VP u;.aslfg;&bu_(.b- >
ISl gdre sy olie (AL s 5ol
oS O sl 53 o alls e 055 Hls gma
S A s ) ws (s V) 5 5 (A0
23 (oS FIY9) il S5 O3 on ey 45 5ls DL
Yo hen /0 il glowe 5 ST Osds Hlas
b glalble 55 5 ds ol oSl Al
Cte 1 AT Hled 5o bl o2l JhalS &l 158 0
S Sl L g5 50 spie Sl
AV gl ) Sl il 58l asls Sl 05 )Y e e
el el Sl (5 ume 457 Sl 0l iyl 5

23 8 1S LS 5 asls dewo O Lls me il 5

Gire gy olie BLdsloes 5 6HLT slajles (2SKan 53 V5 als 158 055 5 S0ke des i —A s

Table 8. Means comparison of 1000 seed weight of canola in interaction effect of irrigation and foliar

application of micronutrients treatments

Sl pole wls 5158 050
Irrigation treatments o ,LT s, lus Micronutrients 1000 Seed weight (g)
No application b sl pte 4.03b
80% FC (Normal o S b A+ . L. ;
bFC( ) o b Foliar application (2%o) 4 skes 4.17a
No application b sl pte 3.47d
30% FC (Stress PRGN S¥ . L :
bFC( ) wop e Foliar application (2%0) 2L s~ 3.83c
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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 s, ok Salicylic acid (mM) 1000 Seed weight (g)

0 4 3.62¢
No application o s 05 3.75b
) 1 3.81b
15 w 3.82b
0 e 3.85b
Foliar application (2%o) _2LJ s 05 . 4.09a
) 1 4.05a
15 w 4.01a
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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 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 S a) 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 te 1687bc 1.04cd
a0 b b Ao 3 A 15 e 1557cd 0.99cde
80% FC (Normal) 0 e 1575¢cd 0.97def
b gl 05 1726bc 1.06bc
Foliar application (2%o) 1 tY 1908ab 1.13b
15 w 2095a 1.26a
0 o 803i 0.64k
sl e 05 o 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
Ll 0.5 /0 1224efg 0.91fg
Foliar application (2%o) 1 tY 1265ef 0.93fg
15 w 1449de 1.01cd
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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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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. Iranian 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:1B2Cs). 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.
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