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Abstract

To study the effects of foliar application of salicylic acid on antioxidant enzyme activities
and hydrogen peroxide production in safflower, a field experiment was conducted in a
split-plot factorial randomized complete block design with three replications in 2019.
Main plots consisted of two sowing dates: 11 December and 21 January, and subplots
consisted of a factorial arrangement of different concentrations of salicylic acid (0 and
400 pm), and safflower cultivars (Parnian and Faraman). The results showed that heat
stress at late sowing dates significantly increased hydrogen peroxide concentration, with
higher values observed in the Parnian than the Faraman cultivar. Total antioxidant
capacity in Parnian and Faraman increased following foliar application of salicylic acid,
especially at 400 um (36.7% and 46.5%, respectively). The highest catalase, ascorbate-
peroxidase, and superoxide dismutase activity (346.5, 45.9, and 141.5 mg protein.min™,
respectively) was observed in Faraman at a 400 um salicylic acid level. In addition, heat
stress increased polyphenol oxidase activity in both foliar application treatments, and
Faraman showed higher activity than Parnian. The highest lipoxygenase activity was
observed under heat stress, without salicylic acid application, in Parnian (65.7 mg
protein.min™). The highest phenylalanine ammonia-lyase activity was observed in
Faraman under heat stress and at a 400 pum salicylic acid level (116.5 mg of protein.min”
1. Exogenous application of salicylic acid could modulate the adverse effects of heat
stress by improving biochemical properties and resulted in heat tolerance in both cultivars
when compared with the control.
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Introduction

Safflower is an oilseed crop mainly cultivated for purposes relating to household and industrial consumption.
Global warming and climate change pose serious threats to agriculture and food security. Extreme weather
events resulting from climate change have reduced crop production and productivity worldwide. High
temperatures are affecting crop productivity, potentially compromising food security. Plants possess various
defence mechanisms to cope with environmental challenges, and high temperatures pose a significant threat
due to global warming. Delays in sowing date are known to accelerate crop development and shorten the
growing season, increasing the distance the plant is from suitable growing conditions and exposing it to high
temperatures during reproductive growth. Salicylic acid is critical for controlling plant growth and
development, interactions with other plant hormones, and responses to environmental stress. Salicylic acid
plays a role in plant defence systems against various biotic and abiotic stresses and may also help plants cope
with high temperatures. Exogenous salicylic acid application alters hydrogen peroxide production and
increases antioxidant system activity under high temperatures. Hence, the current study aimed to evaluate the
effect of foliar salicylic acid application on antioxidant enzyme activities and hydrogen peroxide production
in safflower under terminal heat stress.

Materials and Methods

To evaluate the foliar application of salicylic acid on the antioxidant enzyme system and hydrogen peroxide
production in safflower, a field experiment was carried out in a split-plot factorial randomized complete
block design with three replications at Shahid Chamran University of Ahvaz in 2019, main plots consisted of
two sowing dates: 11th December and 21st January (Normal and late sowing dates, respectively), and the
plot consisted of a factorial arrangement of different concentrations of salicylic acid (0 and 400 pm), and
safflower cultivars (Parnian as a heat-sensitive and Faraman as a heat-tolerant cultivar). The soil texture in
the topsoil at the study site was sandy-loam. Electrical conductivity of the topsoil was 4.8 dS.m™" and pH
was 7.6. On 21 January, as a late sowing date, the flowering and grain-filling periods were exposed to severe
heat stress at the end of the growing season. Hormonal treatments were applied at the rosette and beginning
of flowering elongation (stage 30-31 and 60-61 of the BBCH scale, respectively). Plants were watered with
sufficient water (80% field capacity) until the end of the experiment. Weeds were removed by hand every
two weeks during the growing season. Data on hydrogen peroxide concentration, catalase activity, ascorbate
peroxidase, superoxide dismutase, glutathione reductase, guaiacol peroxidase, polyphenol oxidase,
lipoxygenases, phenylalanine ammonia lyase, and DPPH were recorded.

Results and Discussion

The results showed that terminal heat stress caused by late sowing dates significantly increased hydrogen
peroxide concentration. The higher values observed in the Parnian cultivar (0.0200 um.gfw™) than in the
Faraman cultivar (0.0095 pm.gfw™). Total antioxidant capacity in Parnian and Faraman increased following
foliar application of salicylic acid, especially at 400 um (36.7% and 46.5%, respectively), compared with the
control. The highest catalase, ascorbate-peroxidase, and superoxide dismutase activity (346.5, 45.9, and
141.5 mg protein.min™', respectively) was observed in Faraman at a 400 um salicylic acid level. In addition,
heat stress increased polyphenol oxidase activity in both foliar application treatments (69.2% and 24.2%,
respectively) compared with the control, and Faraman showed higher enzyme activity than Parnian. The
highest lipoxygenase activity was observed under heat stress, without salicylic acid application, in Parnian
(65.7 mg protein.min™). The highest phenylalanine ammonia-lyase activity was observed in Faraman under
heat stress and at a 400 pum salicylic acid level (116.5 mg of protein.min™).

Conclusion

In this study, safflower cultivars showed changes in antioxidant enzyme activities and hydrogen peroxide
production under high-temperature conditions. Hence, we focused on the foliar application of salicylic acid
and its effects on the antioxidant activity of safflower cultivars under heat stress to highlight the role of
salicylic acid in heat stress response and its potential to increase heat stress tolerance in safflower. We found
that safflower cultivars vary widely in hydrogen peroxide production and antioxidant enzyme activities. The
results of this experiment showed that heat stress increased hydrogen peroxide accumulation. To overcome
these conditions, exogenous application of salicylic acid could modulate the adverse effects of heat stress by
improving antioxidant capacity and resulting in high-temperature tolerance in both safflower cultivars in
tropical regions such as Khuzestan.



VA0 donis (VPP 5 S gl 5yl coatin Sl (S (o p e
VBN e 3l b
VEF/ P adonn )y p G b
VEFIVIYA L ol oy 6

B9 Jlas

LY\ [SVWK g ] (-] PPt (R AORRgTI VW] JEL o FU | VRl g PN T T gy
by i Tyt 55 &5, oS O39S 3 W

"l W95 I (2o 3L ¢ bl Ko (o ity Sl B ¢ 68 033355 0
Ol Glal Glaal O oo g o8l ¢(55 5558 Sl ¢ ALS ¢S5 5 Al g5 wdigo o3 S
Olat gl Ol g5 sl wlis 5 St dnn 55 ) g0l 5 Dolidons A 3o
LS 1550 ¢ S e ol (55518 5 ame psle 3815 ( ALS ol 05 S

o
2 BT 53 055 0An 1Sy A5 5 ST (T (slag 5T Cled ol Sl 3L Jglonn 31 g g
ol oS sl L b 6 s s 56 ool oo YWAV-AA o5 b s slas 50 GialejT LS 55 Jal 3
5 ) deal Sl Bl slous 5 Jool Gl ST 55 (g3 ¥r 5 )3TV S8 Gl 53l plnil 1SS an s ol
o LS s S8 e b a8 53 b sSh O e (0Ll 5 0L K8 135 55 5 (Y gy S B
b b il sl YU gl e 3 50 0Ll 3 51 5YL 0L ‘..a)ﬁoT)l.u:” Ad O sdkadlS, chle
(o3 B9/ 5 ¥FIV i 5 a0) ol Sl 3 ¥ 505 S Fov Ll 2 550550 Ol 3 5 0L o5 03 JS7 Sl 5T
2 S 0 S e VO 5 PO OFFI 55 4) 5 gy 3o | g 5 ok ) ST GBS b o e
e e Le 8 2 sdalie OlLal b 08 3 el Sl 3V 50y S Frv 3 1S L5 )3 (adids
=50 3 ald Hled S L8 Ll )3 565 S ed e o VL bl (5 5V Sl Dbl b (0 5 A ST 58
Lol 5o 0Ll 3 05 40 by o SIS seT VT b Sl (o s 5 (4235 8 05 e 2 e Sl POIV) O
Lol o sazme )3 b outalin (4233 0555 05 o VIP/0) ol Sl 3 505 Ko Fre b slons 5 L S 25
Jrooss e 5 b o gl s Slio 3 ooy ) L8 25 Csllanl I el Sl 15 0L

o dals Loyl 5 b anlie 53 0Ll sl S 4 Jasta o35 13055 4 03555 2 3 LS

*Corresponding Author: a.rahnama@scu.ac.ir

3041-9603 © University of Isfahan ®' ET HE HD

This is an open access article under the CC BY-NC-ND/4.0/ License (https://creativecommons.org/licenses/by-nc-nd/4.0/).
doi: 10.22108/1JPB.2025.144801.1404



file:///C:/Users/res/Downloads/a.rahnama@scu.ac.ir
https://portal.issn.org/resource/ISSN/2322-2204
https://creativecommons.org/licenses/by-nc-nd/4.0/
file:///C:/Users/res/Downloads/10.22108/IJPB.2025.144801.1404
https://orcid.org/0000-0002-7483-7263

VEF G 5 Cad gl )l adin JLo (LS 2§ p ke A
e O llaals Lol 5 53 85 8 aden I ik, dodo

.J}«:&g’)w

oo a3 8 55 oS ol osls Ol Wt s
SIplos sloan T3 jlcde ¢ ol S5 i 2
Wang et al., 2018; ) 545 :JSL.& SalS
Odd aSlydas o o sdle (Attar Roshan et al., 2024
oA sl e el 5 Ses Lo S 25 lS 3L
Slas S 2S Ty 5 S5 e Ol 5o 553 451S]
S ol sk Slodo 51 plalis 5 28Ty 05
~45,8 (Zhou et al., 2019) Cwl YU glacs ) > 4> 5
SIBE 04 48y e B 215 0581 o
ol et 9358 0 LIS ) 5 clie gladd (63 3us
La0T Clad ks g clid cnd (6 p A3 5t 2l Cor g0
A ool 01> BT 18 25 31 oy 2 03 25
(63 Olle (g somn s ine Sl o Lo S 25 S
Sheikh ) i aals Hlaw o o S s Soid 5 ST
Lo S 25 s 5,18 hagss .(Mamo et al., 2023
Sl P ol 3 5 05 s S T (g e Rl 31
JM:,»(B)U:&F}»@\SMLQ@} O gl ST
$lap 5T Edl o153 dauly 40 S5 K e S
.(Salehi et al., 2023) Cils (g zeS ol QL,\:M{\GST
Sla STy G5 oS o 5T Sl Rl
Singleton & ) 48" s U 1) bl J O genldnST)
S il ol et 505 S s 5l (ROSSI, 2015
b oo SR A 4 gl 53 565 S g o 5T b
Fas o g S s 6K Ol g0 4 el Sl
o o2 5T SB35 oS e b 51 olS o gl 5T
Liu et al,, ) 558 o (&S gammlordnsl (6 5 g s
.(2013

Sl ol o ia LS aS7 5515 5 g 5 (sdal sd ioman
LS o b Blsply IS5 Ol 4 St
3 ghs ) rgr@ﬂotf.wdwu\ o35 K Olge a g

aA

S et S ST o e oS el 5 s
jéﬁcogl_ili‘)ﬂg&b;.uu&?u&n\}p.sﬁf@
S Ly OLLE 3 4510nSTT 55 sloul caw 5 58
S S5 051 a6 S A5 L 55 5w
SO $ ol )\Jfﬁ\: OLlE suaze s slas Shee
s Aol Lol 5 a0 Jamze 0LalE I8 5 oiS
3 S (s ot SL S 1SS Wil
Ol s T él; 3.3 slal g (oolaml Ll b
«;)\;Wld&&ﬁw%@\ﬂoug
Liu et al,, ) ol s Ll -5 L La0T 5,8 500
«Carthamus tinctorius L. s bt K8 .(2005
Lagees LYL Bl LAl ey, 4l olS K
ﬁjf&bﬁ@@aﬁa\.@\gkﬂé)ﬁ;
yﬂjﬁy;)‘}Q)}&JQG‘CDJ\J&PM
Sl o Sl K o il 51 5V0 sla 2
9 g_)T L;b‘b élaL.a B .(Salehi et al., 2023) Lo g_‘:..wT
e S 5 Ol ot g A5l glal mde (gl sa
éi.iulsuu\_&ﬁ)@ul_lf Z))JJ#}JMJ}T
M}‘M&MJQYWGJﬁe]@ LS‘;!(PG-‘C-'-’,,-UA’“
Salehi et al., 2019; Salehi et al., ) C—u! é_i_ulf
o po 5 0, 4 &S5 55 LS 5l 4 Jos (2023
Z)jbjﬁwwcw\f)bﬁét .JJ‘JL;I“»{‘SMJ
595 sl Joab OLL sl 8 ST el o8 aulE
355 Gt 055 0L sle & 5 (Kot b aals gad 5 ok
}j@)j@ﬁﬁ)‘}a&éo&ou;%}ﬁf\d\)
.(Goodarzian et al., 2020; Rahnama et al., 2024)
SOl a4 b § e 1 e sla 25 5T ey
Glaasls W5 iS5 CaS alS g fsl e
w‘w)uTau&M‘suuy)ﬁﬂj&})
S5 Jmamn CoiS 5 S 3 55 5 A5 65

Sls QLS a5 5 55y g 53 (6550 06 Lo



44 OSen 5 (5 g8 0455358 o /o oS 055508 0enS y A5 5 O | 5T (U o 5T ot ool STl 3L gl S

Colas alS Ol Ly Ooda b ol iass
Sl (BT glos b Juab 5T sl 8 25 51 AL
53 WAV-AA els Jle s el K8 s
Sl Olenr dgd oiils agn - ijsel deje
J laeS b - b LB s L) pSTB Sl O pons
Yo s mb gl el IS 4wy Solws
—a S )b Ol 4 i a) ole (6o Y 5 ole )3T
Sl 5 Jol Gl S (K s 5 pKs
38 P g i) SChdladnl Dgey 0 glacbile
v-;) Olge 4 0L ) 2h) ui)f ;»5) 35 5 (Y3
opot (W5 4 Jamie o3, Olye 4 0Ll S 5 b
s S s e gl ele Olge 4 oy sST
aiate onlie SIS ) Ol e o Biney LB
o e Jlesl S (,K;A PRI
Gls 0dd 5 W Al e 3 LS b gL LS
dewgo 5l o 3ae pByl ad s 8 8 i 5o
S o g =S 0h 5 i a5 el Dlidey
S Yo Gas Sl okl O pen (leiT g 0
Lps 5 S wsed (hlT o (0 Sl B
S (0 dsde) s el 0T gled 5 (S5
Sl 95 55 sy Gl Jow sl s ST Sl
o313 0L (V) U 53 S5 g 5b Sy U

355 on WS S 5 et ol 2l 55 olS

32 03 Olesply IS0 ool (Memelink, 2009)

Pl slap 3T suS Wl oS ey JUis! sla s

S 5 S Gl (6 g g G a1y sS IGS
Glass o b s JISIT s b L 2o 65 gla

Sl 4y e 5 S o LIS Aza 05 5L 4 bsy e

s (§3dxie slaasl Wb e sl sl STl
bt 5 ol S s, Sy Sl e 56
Kaur) O 5 aie Jalsy 3 500 5 (S50 58 ol b
Liu et ) oSl 5T (slags 5T Jlab (et al,, 2019
Hossini et ) ol wliscsu; sl S5y 5 (al, 2013
(S o 55 So 150, I3l .l sk 451, (al., 2024
0L lis g O sanldenSTT  2alS g baas (o
ESledlodanl (28 5 o510 ST Ol 2alS olias
Mohamed et al., ) Coul 5 ol 55 Joss 21580 s
ol Sl 2L s ST g3, p) 55 (2020
e gla 25 HLOL 5 Ol 31 saals fele Ol g 4
s Gl S (B 35 il 8 AT der |
grlse bl 5o OlST1 5T Glag 5T ot dozr
W8 s b S LK oS

el ol
&
b 595 9 Sl
S & pad ol 5 (S - sl
Table 1- The results of physical and chemical analysis of soil
Soil depth Soil EC (dSm") - Wilting point Field Organic
o1l texture m p -1 -1
(cm) (%) capacity (%) L (meke)  K(mgke) m(f,‘/t:)er
0-20 4.8 7.6 7.6 22.1 83 169.1 0.65
— Silty loam . ' :
20-40 5 8.6 8.1 20.1 10.5 164.2 0.41
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Table 2- The mean monthly temperature and precipitation during growing season in 2018-19
Month December January February March April May June
Maximum Temperature (°C) 253 18.5 17.8 24.4 313 33.1 45.2
Minimum temperature (°C) 13.2 5.8 7.1 11.2 15.1 21.1 29.4
Rainfall (mm) 35 68 23 12 8 9 0
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Table 3- Mean squares of effects of salicylic acid on antioxidant enzyme activity and hydrogen peroxide concentration in safflower cultivars under heat stress
Means of squares (MS)

Polyphenol ) Phenylalanine )
Hydroen Catalase Guaiacol Ascorbat Superoxide . Lipoxygenases ) Glutathione
S.O.V. Df yarog - . peroxidase  dismutase ~ OXidase .. ammonia lyase  reductase DPPH
peroxide activity peroxidase .. .. activity ..
activity activity activity activity activity
Block 2 0.0000024™ 2,941 0.53™ 0.28™ 27.8m  0.00125™ 2.12% 35.13™ 2.55m 4.46™
Sowingdate (A) 1 0.000792™ 8123" 77201 402™ 251" 0.3012™ 3737 6644™ 4517 5345°
Ea 2 0.0000007 3109 279.4 223 19.8 0.00165 1.84 35.6 2.15 99.1
Hormone (B) 1 0.0000057™ 13323 7916 ™ 1431™ 4892™ 0.00022" 1002 116.1™ 134.9" 99.1m
Cultivar (C) 1 0.000165™ 81679" 1122° 10.4" 10243 0.002813" 539 829" 370" 2.66™
AxB 1 0.000002™ 15177 411 2453 389.1°  0.00470™ 196.5™ 938" 220 833"
AxC 1 0.000166™ 9305™ 1394° 6.03" 86327  0.000009™ 623" 928" 814" 531m
BxC 1 0.0000058"™ 46717 305" 323" 989™  0.00007™ 209.9" 1344 5.76™ 338"
A xBxC 1 0.0000016™ 6889 3150 3324" 261.5°  0.000027™ 188.3" 239.8" 38.4° 204.4°
Eb 12 0.0000029 294.4 196.3 5.25 432 0.00043 10.5 45.7 5.57 40.4
C.V (%) - 18.84 8.69 6.99 9.24 8.52 10.62 11.47 8.08 11.97 11.65

.w,;\,acbﬁ)u@”%;g***}*g,u@”@mo,wg&:“s

ns: not significant; *and ** significant at 5% and 1% probability levels, respectively
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Figure 2- Mean comparison for catalase activity of safflower under different sowing date and foliar applications of salicylic acid.
Values are the mean of three replicates. Different letters represent significant difference using LSD test at 5% probability level.
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Figure 3- Mean comparison for guaiacol peroxidase activity of safflower under different sowing date and foliar applications of
salicylic acid. Values are the mean of three replicates. Different letters represent significant difference using LSD test at 5%

probability level.
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Figure 4- Mean comparison for ascorbat peroxidase activity of safflower under different sowing date and foliar applications of
salicylic acid. Values are the mean of three replicates. Different letters represent significant difference using LSD test at 5%

probability level.
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Figure 5- Mean comparison for superoxide dismutase activity of safflower under different sowing date and foliar applications of
salicylic acid. Values are the mean of three replicates. Different letters represent significant difference using LSD test at 5%

probability level.
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Figure 6- Mean comparison for polyphenol oxidase activity activity of safflower under different sowing date and foliar applications
of salicylic acid. Values are the mean of three replicates. Different letters represent significant difference using LSD test at 5%

probability level.
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Figure 7- Mean comparison for lipoxygenase activity activity of safflower under different sowing date and foliar applications of
salicylic acid. Values are the mean of three replicates. Different letters represent significant difference using LSD test at 5%

probability level.
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Figure 8- Mean comparison for phenylalanine ammonia-lyase activity activity of safflower under different sowing date and foliar
applications of salicylic acid. Values are the mean of three replicates. Different letters represent significant difference using LSD test

at 5% probability level.
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Figure 9- Mean comparison for glutathione reductase activity activity of safflower under different sowing date and foliar applications
of salicylic acid. Values are the mean of three replicates. Different letters represent significant difference using LSD test at 5%

probability level.
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Figure 10- Mean comparison for DPPH of safflower under different sowing date and foliar applications of salicylic acid. Values are
the mean of three replicates. Different letters represent significant difference using LSD test at 5% probability level.
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