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Effect of Melatonin and Sodium Nitroprusside Foliar Application on
Improving High-Temperature Stress Tolerance of '"Kurdistan® Strawberry
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Fig. 1. Effect of melatonin (MT) and sodium nitroprusside (SNP) foliar application on morphological responses
of 'Kurdistan' strawberry plants at heat stress. (1) No visible symptoms, (2) slightly curled leaf margin (less
than 10%), (3) marginal necrosis (less than 25%) of whole-plant leaves, (4) moderate necrotic areas (less
than 50%) on leaves, (5) severe necrotic level (more than 50%) of the leaf area.
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Table 1. Effect of melatonin (Mel) and sodium nitroprusside (SNP) foliar application on some physiological
parameters of 'Kurdistan' strawberry plants at heat stress.
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Leo bt e85 sl oz o Slgime aSy (59,000 KWV ol
Temperature ¢C)  Chemical compounds Injury Sl H20; (umolg? MDA (umolg ™

(LM) symptom RWC (%) FW) FW)
0 le 81.12 a-d 2.24 g 1.82 cd
25 50 Mel le 83.67 a 2.38 e-g 1.89 cd
100 Mel le 82.79 ab 2.29 f-g 1.84cd

50 SNP le 82.19 a-c 2.48 d-g 1.77d

100 SNP le 80.41 a-e 2.31 fg 1.73d

0 216 b 76.15 fg 3.11bc 2.22¢c
35 50 Mel 1.83 bc 78.76 c-f 2.66 d-f 2.06 cd
100 Mel 1.25de 80.02 a-f 2.41 e-g 1.78d
50 SNP 1.66 cd 77.88 d-f 2.74 c-e 1.93 cd
100 NP 141 c-e 79.08 b-f 241e-g 1.85cd
0 3.53a 67.08 i 3.65a 3.17a
40 50 Mel 1.58 cd 71.65h 3.11bhc 2.78 ab
100 Mel 1.08 ¢ 79.74 b-f 2.61d-g 1.90 cd
50 SNP 1.33 de 73.95 gh 3.16b 2.69b
100 SNP 1.14e 77.15fg 2.81 b-d 2.16 cd

Los gl Sl
Means for temperature ("C)

25 1b 82.03a 234c¢ 1.81b
35 1.66a 78.37b 2.66 b 197b
40 1.73a 73.91c 3.07a 254 a

bt slacaS 5 6l (ke
Means for chemical compounds (uUM)

0 2.23a 74.78 C 3a 240a
50 Mel 147b 78.02b 2.72 bc 2.25ab
100 Mel 111c 80.84 a 244 d 1.84d
50 SNP 1.33bc 78.01b 2.79ab 2.13bc
100 SNP 1.18¢ 78.88 ab 2.51cd 191cd
6)|a 6""“
Significance
an **k*x *kk *kx *k%k
Temperature
Ls)w M.S)J *k*k *k%k *kk **k%k
Chemical compounds
olosds oS 5 x Lo Fxk il * *

Temperaturex Chemical compounds

Mean values (means + SE) followed by the same letter-case within each column are not significantly different in
5% level of probability using LSD test. ***, ** and * indicate significance at 0.001, 0.01, and 0.05 levels of
probability, respectively.

Sl gre caims Hlis o 5 a4y g e

s 05,105 LSD 5051 70 Jlotiorl rbans 10 (6l e Soglss S piiin slacd o b slopuSilos (g 50 50
izl oD gl ) o) il s o oo

YAQ


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.6.3
https://journal-irshs.ir/article-1-510-en.html

[ Downloaded from journal-irshs.ir on 2025-10-21 ]

[ DOR: 20.1001.1.16807154.1400.22.4.6.3 ]

ohes 5 Slio

LS Soaisly 20,5 oo Sy ulol (1alS rizman 5 (o Cushy GEalS Az p 5 §ym Gl o YL leo
30 S p ol s Glgime ali8laies oo cilil 0g5 g0 1) g il sl ge—wl (Ol 3gueS b alilie sl
Sorr 9 Odon cle (oSSl Gl o 4 Jlaiat 4 Vb (glos (55 50 9 ST 55 5 dgidle b oad jled (lalS
Ol g Jahan slaasl b baxs ol il o glaisl OF Jolos bads ames 10 g baslh bowg o Qi cud)b
Dyl (o guen ‘si.)so; ol o (\Y)

Srodon 26 Sl oedle 5 anST o 9 )5 g Les Waosls il g 4525 1 Jol> slaanss & 4y L
L ol s Lo pyuSilee damlie (Gl -Y JS8) 28,55 )13 laeasS 5l 0I5 5 Lad iiSiad s 3l ) 55518 ol Lol bl
VIOV Cedo sy Oliee (ogemdos a2, Fr (slos ;0 a8 (glaiss ay 28l (alidl o gime job a0 S e Gliee Loo ol
Orared ezl (A - JS2) 350 e 4250 VO sles p3 lalS 51 s 00,0 AY (036 (339 5 2 Jgeg,Se
SSRLP S el Ol s (Rl cum 9081 S s Cale 95 5o 5 igdle Ve e Ve 35 ls les
WVA) Geigidle Vgeg,Sn Ve e slajlosd s banye S el Oliee (n yiudin @geme )3 ol dald ladiged 4y S
Sl Dl (9 45 392 (236 (39 5 2 Jge9,See Vo TAT) a1 6 i V909 Sta V0 5 (036 (339 5 2 U095
(@-Y JS8) wads el lals @ cad S dep Gl a0 Yo g VY Liol8l o ol S0 K00S0 4 S

doietis g el Colled coti daasly (ol (el 1o oSt b s aloz 5l sho—ul glaoaisS oilis
Olyie 4 g S (oo Ll 25 2l )3 DAL 50 (oo S balind (S LS Lo g ST b ladisS (ol
gy o a1 e laieian il 5o )ls i Lulpd o laaxsl Lulo] Lis 1o ege ik o5 e | Libles S,
ST S 555 5 (PBCS) (g wdluscons s Jstme 05 ol GRal381 b 0dsiDle (VT) 93l oo ol waiien (55550 (5
g oaiiS w525 a4 5g sl mel Cudlad Sl 65T olx 5 (g ol Jgias slop T Cudlad (l8l L
& 5 RO g (KRS OlS )3 (den Jlade (OF) Wigd oo 1 A5 Ll pd )3 (g ST Gl con s
OBLS & Cons (458 JB Oliee @ ()98 5 Vb los (25 ) el lend e g9 i 5 Gedgidle b i Sy
OF OY) 2l sl sals
Sy S5 ilwyald

756 5 5B Cnl Ll eetls S 89 1T (il yold Gl 12 s)lo g S ST S 25 5 gidle 9 )18 g Leo
S 39S il 5l ol liss Lo Silee anlie (o =Y JS8) 28,55 513 plad lacaS 5 05 g Les (puiSon
S 5l ieS ao o FIAY a5 glasgS 4y ols lid o pme ialS jugadis a0 T glos (o L liws )5 03, S 80y
Voo adale o185 s ols lis 58 oleend lolond 31 ey (0 =V JSD) 091 (uge—ad o 42,0 YO glos o o
A S g I il jold Iy pre 2alS 5l (6 S ol s ST S g isile Y 505,50

0Ly opl Pl Sl I g2 0 Shoe Condg (o S 920 2 9 0e3 )08 ()Rl Judg IS el 5l anlllan
S SLaS 5 Shoe ;5 PS5 I ginsgid (2S5 55 50 4 008 3)lg ol oo )Lid (ol alejl jo oo 2al38l 51
O 5l 5 e adgi asall (o (yglle 5 9T (50 il (Rl s 4 Wil e oS Cel g eaiiS il
350l (65 glle 5 STy (339,000 y20lie b g IS uilosj5ld (s (shte (Ko 0l (ighy ) (TF) ail VL loo
Boled SaS s ,b cpl ol @ wlgs o oadl (pl 4T ol osalie (FP= +/AFP<e/ee) grP2= /e p<e/ee) S5 )

¥a.


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.6.3
https://journal-irshs.ir/article-1-510-en.html

[ Downloaded from journal-irshs.ir on 2025-10-21 ]

[ DOR: 20.1001.1.16807154.1400.22.4.6.3 ]

welng g i s g Gigio (0 3,15

all <
16 - 0.83 qa a
A a * b B
14 : . 082 {1 a . e
12 ab a be {
21 o] ewg il sl g AT
E 10 0.8 ~ b
(]
xE7, 8 c 4079 A
B ES 6 4 £ 078 1
EE >5 077 A
2 o
4 0.76 A
0 T T T T N T T 'é\ '@ 1 075 T T T T T T T T 1
-C -G O QIR C.C .0 >
& : o
U N %Qa“i@q DI S Q\‘%‘ﬁs‘;‘$
N TS
(2hosd lo wuS 5 5 o) la Lo (2boed sl oS 7 g o) bojlans
Treatments (Temperature and chemical Treatments (Temperature and chemical
compounds) compounds)

Fig. 2. Effect of melatonin (MT) and sodium nitroprusside (SNP) foliar application on leaf proline content (A)
and maximum quantum yield of photosystem Il (F./Fn) (B) in 'Kurdistan' strawberry plants at heat stress.
Mean values followed by the same letters are not significantly different (P < 0.05).
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Fig. 3. Effect of melatonin (MT) and sodium nitroprusside (SNP) foliar application on leaf reduced glutathione
(B) and ascorbic acid content (A) in 'Kurdistan' strawberry plants at heat stress. Mean values followed by
the same letters are not significantly different (P < 0.05).
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Fig. 4. Effect of melatonin (MT) and sodium nitroprusside (SNP) foliar application on superoxide dismutase (A),

catalase (B), ascorbate peroxidase (C), and guaiacol peroxidase (D) activities in the leaves of 'Kurdistan'

strawberry plants at heat stress. Mean values followed by the same letters are not significantly different (P

< 0.05).
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Fig. 5. Principal component analysis (PCA) of investigated parameters. IS: Injury symptoms, RWC: Relative leaf
water content, PC: Proline, F./Fm: Chlorophyll fluorescence, H,O,: Hydrogen peroxide, MDA:
Malondialdehyde, GSH: Glutathione, ASA: Ascorbic acid, SOD: Superoxide dismutase, CAT: Catalase,
APX: Ascorbate peroxidase and GPX: Guaiacol peroxidase of strawberry plants (cv. Kurdistan) treated
with melatonin (MT) and sodium nitroprusside (SNP) at heat stress. (N-T1: control plants at 35 °C, MT50-
T1: 50 uM melatonin at 35 °C, MT100-T1: 100 uM melatonin at 35 °C, SNP50-T1: 50 uM SNP at 35 °C,
SNP100-T1: 100 uM SNP at 35 °C, N-T2: control plants at 40 °C, MT50-T2: 50 uM melatonin at 40 °C,
MT100-T2: 100 uM melatonin at 40 °C, SNP50-T2: 50 uM SNP at 40 °C, SNP100-T2: 100 uM SNP at 40
°C.
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Effect of Melatonin and Sodium Nitroprusside Foliar Application on
Improving High-Temperature Stress Tolerance of "Kurdistan® Strawberry

H. Manafi, B. Baninasab*, M. Gholami and M. Talebi?

An experiment was conducted to examine whether the foliar application of melatonin (MA)
and nitric oxide (NO) would improve thermo-tolerance of strawberry plants subjected to high-
temperature stress. For this purpose, a factorial experiment in a completely randomized design
with three replications, in the college of Agriculture, Isfahan University of Technology was
performed. The strawberry plants cv. Kurdistan were exposed to various temperatures (25, 35,
and 40 °C) for 24 hours after pre-treatment with 0, 50, and 100 uM MA and NO. Heat stress
significantly induced hydrogen peroxide and malondialdehyde content and increased proline
accumulation, whereas reduced relative water content (RWC) and the maximal efficiency of
PSII photochemistry (Fv/Fm). In addition, heat stress increased glutathione and ascorbic acid
contents and enhanced superoxide dismutase and guaiacol peroxidase activities, and reduced
catalase and ascorbate peroxidase activities. Treatment with MA and NO decreased heat injury
symptoms and induced antioxidant enzyme systems and increased non-enzymatic antioxidant
contents. Melatonin and NO increased proline content, RWC, and improved Fv/Fm compared
with the non-treated plants. These results suggested that in strawberry, MA and NO alleviate
heat-induced oxidative damage by modulating antioxidant pathways, decreasing reactive
oxygen species, and inhibiting lipid peroxidation.

Keyword: Enzymatic and non-enzymatic antioxidants, Heat stress, Melatonin, Nitric oxide,
Oxidative stress, Strawberry.
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