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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.

o Lo b S5
Treatments Parameters
L ot oS 5 spb o ls e Slge STy gy allss opglle
Temperature ¢C)  Chemical compounds Injury S H20, (umolg™? MDA (umolg™

(uM) symptom RWC (%) FW) FW)
0 le 81.12 a-d 2249 1.82cd
25 50 Mel le 83.67 a 2.38 e-g 1.89 cd
100 Mel le 82.79 ab 2.29 f-g 1.84 cd
50 SNP le 82.19 a-c 2.48 d-g 1.77d
100 SNP le 80.41 a-e 2.31fg 1.73d
0 2.16b 76.15 fg 3.11bc 222¢
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 241e-g 1.78d
50 SNP 1.66 cd 77.88 d-f 2.74 c-e 1.93cd
100 NP 141c-e 79.08 b-f 241 e-g 1.85cd
0 3.53a 67.08 i 3.65a 317a
40 50 Mel 1.58 cd 71.65h 3.11bc 2.78 ab
100 Mel 1.08e 79.74 b-f 2.61d-g 1.90cd
50 SNP 1.33 de 73.95 gh 3.16b 2.69Db
100 SNP 114 e 77.15 fg 2.81 b-d 2.16 cd

Lo gl Sk
Means for temperature ("C)

25 1b 82.03a 234 ¢ 181b
35 1.66a 78.37h 2.66b 1.97 b
40 1.73a 73.91c 3.07a 254 a

ot sloeeS 5 lp (eSilee
Means for chemical compounds (M)

0 2.23a 74.78 ¢ 3a 240a

50 Mel 147hb 78.02b 2.72 bc 2.25ab

100 Mel 11llc 80.84 a 2.444d 1.84d

50 SNP 1.33bc 78.01b 2.79ab 2.13bc

100 SNP 1.18c 78.88 ab 2.51 cd 1.91 cd

SIS s
Significance
Lo *k*k *k%k *kk k)%
Temperature
gw WSJJ *k*x *kk **x *kk
Chemical compounds
*k*k ** * *

olbeosd oS 5 x Lo
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.
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Fig. 2. Effect of melatonin (MT) and sodium nitroprusside (SNP) foliar application on leaf proline content (A)
and maximum quantum yield of photosystem 1l (Fu/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./Fn: 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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