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Article Info ABSTRACT
Article type: Background and objectives: High temperature stress is a major
Research Full Paper environmental stress that limits crop growth, metabolism, and

productivity worldwide. Humid tropical areas are thought to threaten
primarily by high temperature stress during reproductive phase which
causes a drastic change in physiological and biochemical behavior of
the major crops under future climates. Canola (Brassica napus L.) is
an oilseed crop cultivated for purposes relating to household
consumption and industry. Delay in sowing date are known to
accelerate the crop development and shorten the growing period and
distance of the plant from suitable growing conditions. Salicylic acid
(SA), as a plant growth regulator, plays a major role in plant growth
and development and promote photosynthesis under heat stress by
Article history: influencing various biochemical reactions and physiological
Received: 2025-04-11 processes. SA is known to alleviate adverse effects of heat stress on
Accepted: 2025-07-18 crop production through changes in photosynthesis traits and
enzymatic antioxidant activities. The aim of this study was to evaluate
the effect of SA foliar on the yield, photosynthetic characteristics, and
enzymatic antioxidant activities of canola cultivars under terminal heat
stress caused by late autumn winter sowing dates in Ahvaz conditions.

Materials and Methods: In order to investigate the effect of SA foliar
application on the yield, photosynthetic characteristics, and enzymatic
antioxidant activities of canola cultivars in two sowing dates, a field
experiment carried out in a split plot factorial in randomized complete
block design with three replicates per treatment at the research farm of
Shahid Chamran University of Ahvaz in 2023-2024 growing season.
Main plots consisted of two sowing dates; November 11, and

Keywords: . .

Catalase December 11 (Normal and late sowing dates, respectively), and sub

Chlorophyll index plot consisted of factorial arrangement of different concentrations of

Elgh Fzmpera‘ure SA (0, and 200 um 1!, SA), and canola cultivars (Hyola4815, Agamax,
c€roxidase

Hyola50, and Trapper). SA treatments were implemented at stem
elongation (32 BBCH stage) and inflorescence emergence (53 BBCH
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stage). Data related to stomatal conductance, chlorophyll index,
catalase, peroxidase, ascorbate peroxidase, superoxide dismutase,
glutathione reductase, hydrogen peroxide and malondialdehyde
concentrations, and seed and oil yield were also recorded.

Results: Results showed that the interaction between sowing date,
hormone foliar application, and cultivars significantly affected most of
the traits. Heat stress in late sowing date led to a significant reduction
in seed (28%) and oil yield (35%), chlorophyll index (11%), stomatal
conductance (36%), but increased catalase (26%), peroxidase (32%,),
ascorbate peroxidase (76%), superoxide dismutase (79%), glutathione
reductase (80%) enzyme activities and hydrogen peroxide (335%) and
malondialdehyde (MDA) concentration (33%) compared to normal
sowing date. A significant difference was found among cultivars in
terms of all traits. The concentration of 200 um I SA improved the
studied traits in both sowing dates. In late sowing date, foliar
application of salicylic acid enhanced stomatal conductance (15%),
chlorophyll index (2%), seed (23%) and oil yield (31%), catalase
(16%), peroxidase (11%), ascorbate peroxidase (8%), superoxide
dismutase (10%), glutathione reductase (12%) enzyme activities, but
decreased hydrogen peroxide (5%) and MDA (21%), when compared
to salicylic acid -deficient plants, According to these results, Agamex
and Trapper cultivars perform better than other cultivars and largely
maintain their high yield through improvement of the mentioned traits
under heat stress conditions caused by late sowing time.

Conclusion: The adverse effects of heat stress were mitigated by the
application of SA as a foliar spray. SA treatment played a crucial role
in maintaining gas exchange, promoting the production of enzymatic
antioxidants and reducing hydrogen peroxide and MDA
concentrations. These findings provide evidence that exogenous SA
(200 pum I'") can be an effective strategy in improvement of seed and
oil yield of canola cultivars under late autumn sowing date conditions
in tropical regions such as Khuzestan.

Cite this article: Dinarvandi, M., Rahnama, A., Meskarbashee, M., Zoufan, P. 2025. Foliar application
of salycilic acid effect on photosynthetic properties, enzymatic antioxidant activities, and yield
of canola (Brassica napus L.) cultivars under terminal heat stress. Crop Production Journal,
18 (2), 87-112.

© The Author(s). DOI: 10.22069/ejcp.2025.23526.2674
BY Publisher: Gorgan University of Agricultural Sciences and Natural Resources

A


https://doi.org/10.22069/ejcp.2025.23526.2674

\@\\ =135 Ol b S g
Yrax :le LS

o
s
{ §&§ Yook
=* Voo A-YE ¥ 1 i I LS

Olozt SIS pékal 3 sl pyle pandl

,M/‘_';.‘ ye b
"@Q&v‘;’,, Ll

02 T SIS | ST Cadlad (g jhins 90 ST 39 2 St by daul S S gloo 1
Juad BT slo 3 g Yl g 38 (Brassica napus L.) 1305 pB )1 & Shos g

Eebed S5 F b S e ¢ Tlataly Ol Bl g,k JIk

dinarvandimaral @gmail.com :asCL1, (ol Glsal Glaal O ez dgd oKy ((g5,5LaS 0S8 ( alS o) 5 W55 wdige 055 (6555 (gl

a.rahnama@scu.ac.ir :asbL1, Ol ol Gl Glaal Ol e dugd o815 (655518 808Kl (Al K5 5 A 55 wdige 03,8 il oJ s ooy 55

M

mmeskarbashee@scu.ac.ir :asbbl; ) Glsal Glaal Ol e dugd o isls (g5,5LES 800 ( ALS Ko) 5 W5 wdige 03,5 sleul 7

p-zoufan@scu.ac.ir :asbLl; 0l lsal Glaal Ol e Agd ol (o le 0Ll ¢ lidiins 305 S SLtils *

eJu:S.T Jle oleldb!
L OblE W5 5 e plie ) o ol Lol Jame 25 SO UL (glos 25 a5 abslw i g g

55 bbe el alpn 5 Ol Ll 5 55 &8 sy o i a4 S o 35udome Ol il s 3
05 i el 8 (i3 s Jgb 53 UL ey 5 e oS il _dble sl ogb e
0 s oS SIS 0,8 o )13 Al o B b B 5 S5 el 3
$BS hiy el Sl 23S s B s g e 08 a5 St Cilan (sl S
S Ol 4 Sl dal 358 g0 e Ly Il 13 51 olS (050, pde 5 A3, 855 OIS
ciloza sla Sy L 5 S e Wl QLS sad 5 Ay 3 lodes A8 @lS LS, S
Sl el 353 Lo S 5 o 385 5 e S5 Sl B 5 bt s
5 s 3 o 5T (S0l SI BT Sl 5 (g sl S 03 e Gk S
el (Sl e s anlllan (5 Bk s e SRS J e M5 gl S
5 Jal 3 1S B ST T b 5 gy Gla Shrs 0 Shas Sl

s ol (s s iS5 36 b 2Tl S

el b W e s Jad T S s b e g g o s
Sogon slassze iasn IS e 3T Lol ST ST el 5 s gla S
5 Jlw 52 LSS 5o Bolas Ll sl sh L - b I s )58 el
) pKa s 5 plne cils F2ob 53 A 1 laal Ol e Agd o ils Hs VEYNENY
Al O3 slacdale iU gk 5 (ol Gla S 53 QST 0L Y (o s
500 Uple (W SLBT EAYE Upls) S 06,1 5 Gad s JUsas Koo Yoo 5 dald) Sl
U oo Sl sl Jles s 51 3 SRS s St O s (ol 5
A Jlesl BBCH ulie _olul 5 OF 5¥Y U o 3 5 &) asamié 5 asailw
SMaaS1y GUBLS o 5T b (b IS el glaisos Culdn an by e slasesls

b — e oS Jlie

VECEIOVNY sl

VECE/EITA 1 by

(SIS slaely
ST,
Olaoded dnSl
UL sbes

BHy

Sl Colda

A


mailto:a.rahnama@scu.ac.ir

5 O3550n domS|y Ble GUSIL 8568 G pes A gor S Dl Sl

S 58 ey 5wl 5 Slas LJ.:A.)JTLQQJJLA

i 2 1S Bl 5 Ogasn (3L e (IS b S en sl 0L ol laaly
RIS o A S S - sla s Bl e [ R s B g Sl e Slis
Slaies Colia (Ao 3V Y) s IS (astls ((Ae ;3 T0) (e, 5 (Lo s YA) wls 5 Shes
Sl Sl (A3 Y1) 51Ty (o3 Y SUBE o 3T e (21530 (Ao s ¥
5 (o3 A SIS, 0556518 5 (o3 VA) 50 ey AT goe (Ao ys V) SlST
Pl o (Ao ;3 YY) el g0l 5 (ol ¥/F0) 05,0 ST, Clale pioes
Yoo chle L Sl sl 3 )8 s sdaline (6505 pme sl Oliw oled L 5l 50
@)UJJ.J_::C,_:JLSG)U)}IQJJNUQ&))f@l.&-élﬁkf-:—sﬂﬁj)))u‘,ﬁ)‘}&ﬂ
(st e e L aglie 53 Sl el 3l sloe pB 51 dan 5l o3 2lS
YY) wils 5 Shes (A3 ¥) by IS Lt ld (A3 10) gl ss, culds il 5l sl
W) ST (A3 VD) U o 5T cdlad (Ao p3 YY) 855 3 Shes 5 (o
0558 5 (o s3) +) 3 ez denS1 e (U 3 A) ST Sl Sl (s
Ll (63 0l 5 (A3 0) O sdkd AenST o Sl &S Jl 3 (Ao 3V Y) ST,
Lal 5 o ot S5 lis g b 3l a5 s ST ol sls el 1 (Ao ys YY)

35 L 1y g UL 3 e o 3 S 51 50 gl S i

S bl b8 i e Sl Gl Sehdla el Sl asdlls ol 3 1 S 4
2nr AT (53 0l 5 055508 STy CBlE SRalS 5 ST 5 (6 5 g8 ks
Sl Al 3 258 iz 355 555 5 ails 5 Shas 35 e 55 001 51 5 i
S B, o) 5 &ls 5 Shas 55 03 50 2, SO 15 o () 03 U 505,80 Yor)

Al Ol s il e S Gbbe 3 05l co3lS 53 b Ll s

5l 5 53 (Brassica napus L) 1515 06,1 s Slas oo OISt ol b (g s gla S
A=Y (DA ol OalS a5 als . Joab T gl S

DOI: 10.22069/ejcp.2025.23526.2674
BY QKM};© Q@;Ncbjéjjjmr}lﬁombf}b

q.


https://doi.org/10.22069/ejcp.2025.23526.2674

O 5 5,3 Il | llad 35ty Sa S 2 Skl sl (oSl glone 1

8 S BT oy oy 0 LS
OF 0550 Jbed Olsme 5 Llos S sl au 3l 5 gau ]
(V) ol By S Jood 3500 b
Aol A5l ALS A (glaoisS pilass Sl esliz
S 4 QLS Jaxd 55 Sl Sl
Sl G Ol w5 a5 e s B )
a0 Gl Sl e JUT SIS s sl
S Ol Sl el A 555 0 Sl
05 A8 30508 Slwsely JsSdse 5 b oS 5
XS o J S 2y g deles ladase 5515 0lS
B pl b RSea 5 ped d) J xS gl
e ST & (RSl 5 alS LS slaes
Sl daad &8 Sl 51000 Q) ol (5,0
Lot Gl i ol 3 olS ooy lagtanw 5o
dlie 53 QLS @ ol (Sas a1y JED s b
asia (WY A1) S (KaS 55 UL slabes L
ke ol 5 b Sl Sl el &S il e
e e g e Sl G558 el
(P IS e (s 5 O3
WS Of can sy 5 Slnst s sla S50
Cliblos gy b gl 25 2l s 1) OLS
© Sl 5 Sl sl 28 Siba S
S L oagrlge O3 e 31 o 8 s
Slales 5 (5558 (Si (i Slosle dndl (S
N Sl ol Bl 4 55 5550 Sl by 5 UL
S0s 2 3,08 5550 55 by 1S a8 Olaeen L(V0
Loy 5SS ol o5 s e 0L Sl
S5 a5 s il aLS
3 O iy 5o UL Glos 4 oo 350 ade
$130553 s U 58 o 56 OV) alkes
iy 5 g, A L OLLS s Sl
S 3OA) il Lol e oyl SlacS s L
Sillanl Wl 55 n Skl el Sles Jleel Ko

49

Aodlo

oS & (Brassica napus L.) _ls ol LIS

Ll g 5 Sy Glas gl s, 4l
W5 2 Sl Ll L o ol
b s b S wls s 5 s Shee
iy aay Lol b ods oKes sl O g
393 Olpl 53 IS iS5 e S 3 ptes ol
ol 5 Ny OT W s SLs Lle 44
Sl YA Sl ot Olnl 53 ClS 5 mhas e
Sl S0 il 5 i oF ol W s e
S es i 8 b il bl Sler
G S 3 (o3l Sledd o e 55 S dal
CokS 5 CaaS U sl 5 s S alldl
Sl Gl g g (giusliS Sl ams
wle S 5 (FY) 55 8 o s Ol ol
A RS sade e fslpe S Olges
S Dl e s DU
5 s apd e QLS 55 slecdsn 5 Sa gt
JB Sl e 5 38 o e T LT s
LS 55 0 e sl > Sl 4
iy e il Cilte glacoJUa
5 3 dmspl3 b o 1 el s
5olS IS ) e s MBS e e il
LS 55 e D) s 5di e 5, Shas reas
o3linal L Lo S &y Jamto OLALS a5 L Ol o I,
Dl als (S35 5 S sLSSSS ¢l
LS Joms byl 53 oS elal ol
5 b bl & BLLS SCdn e slaiSTs
0> e Sose e oI P Gl o5l slas S,
L OLLS el (1 00) sl o sl i3 Lol 12
GlaS W s sl St i el UL slabes
sk 4 QLS (V) sy S RS1s OS]
o5 Lol s sl St A5l s bl



AEXT AN b)l.o.n.:} A 0,93 “:ﬁ‘))’ ul.hlﬁf .\,\‘J,}

33 1;531@1@1Cugwjdwp e
38 5l b Jad 2T UL glales Ll

.)ﬁ a}:ikg: r&hﬁz

W g, 9 dlge

NEYNEY el Jw 53 faasss ol

SlasS sl b B s st ol o) on
Mils isel de,5e 53 ST 4w b Lbslas lS
s VY ablaer 50 b Slsal Ol e Ag 3
Lo adds N0 5 az o A oLl e b adds T
s b3l At 1l Lo e S plinl e VY
St St 5 Si (805 8 53 (b3 gl
VK;MJ 5 fti;M, Sl b s S el
(ol Sl S5 G Y 5 Ol Y s )
Shdlw Al 5058 glacble 5L sl
Upsle) o6l 5 Gl s JUpns Koo Yoo 5 aal2)
Copots 5 ()5 5 00 Unle (SWLST EAY0
T T P ST
53 b3l ol 53 s 35 sm B Gla S5

(\‘Y) Sl 0 aJJJT \ J}J}

Lo il i Jelss 00 L el sy
PR oS Dl 5 e e S g 5 (i
ai oS milesT o e gl (Ye Q) s
Slm Al eSS o UL sles Jlas
i S I 55 s UGBS 5 56 a3 ST s
ORI Pl s ol s Sehdladul 5l
bl slp sodae gla 5158 as ST UYY) sl
St slaShs 2 LS S ol
UL les 2551 (30 5950 5 b
e bl i ot plol il o155 OaLS
S Sy n Shdladal 36 Ly s S
o5 Bl 53 IS oS i 5 S5 550
S odd yasede L3 Oldllas 53 syl s s b S
LUL lales 25 a0 foos Sl duil 5 5518
sy i b ol 5 (W ) das e il olS s
O s e alS EJ\.';SV.:E;J&HS;)\;
3Ry Sla S5 o ek b sl LS
UL slabes dal 3 3 jlous] =T ALy
Sl 3 Bda s b ea bl oy das Aol

(\'\') j{hji BL) salaiw! )40 6‘}15 ruﬂ ‘;3} -\ d;.\’
Table 1. Characters canola cultivars (22)
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Table 2. The mean monthly temperature and precipitation in 2022-23
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Table 4. Growth degree days (GDD) of developmental stages in canola cultivars under different sowing dates
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Table 6- Mean comparison for some traits of
application of salycilic acid hormone
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Means followed by the same letters for each trait in each column using LSD test at 5% probability level did not

differ significantly.
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Figure 2. Interaction of sowing date x cultivar on hydrogen peroxide concentration.
Means followed by the same letters using LSD test at 5% probability level did not differ significantly.
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Figure 3. Interaction of sowing date x hormone on malondialdehyde concentration . Means followed by
the same letters using LSD test at 5% probability level did not differ significantly.
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Figure 4. Interaction of sowing date x cultivar on malondialdehyde concentration .
Means followed by the same letters using LSD test at 5% probability level did not differ significantly.
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Figure 5. Interaction of sowing date x cultivar on catalase activity. Means followed by the same letters
using LSD test at 5% probability level did not differ significantly
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Table 7. Mean comparison for some traits of canola cultivars under different sowing dates and foliar

applications of salycilic acid hormone
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Means followed by the same letters for each trait in each column and each experimental factor using LSD test at 5%

probability level did not differ significantly.
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