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Fig. 3. The interaction effect of plant species, growth stage and temperature in the recovery time on proline (a) and 

phenol (b). In each column means followed with similar letters are not significantly different at 5% level 

of probability based on LSD test.  (C1: hot pepper, C2: sweet pepper, S1: vegetative growth stages, S2: 

reproductive growth stages, T1: 25C, T2: 40C 
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Fig. 4. The interaction effect of plant species, growth stage and temperature in the recovery time  on antioxidant 

activity (a) and ion leakage (b). In each column means followed with similar letters are not significantly 

different at 5% level of probability based on LSD test.  C1: hot pepper, C2: sweet pepper, S1: vegetative 

growth stages, S2: reproductive growth stages, T1: 25C, T2: 40C 
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Fig. 5. The interaction effect of plant species, growth stage, and temperature in the recovery time on chlorophyll 

fluorescence (a) and spad value. In each column means followed with similar letters are not significantly 

different at 5% level of probability based on LSD test.  C1: hot pepper, C2: sweet pepper, S1: vegetative 

growth stage, S2: reproductive growth stage, T1: 25C, T2: 40C 
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Fig. 6. The interaction effect of growth stage, and temperature in the recovery time on proline (a) and MDA (b). 

In each column means followed with similar letters are not significantly different at 5% level of probability 

based on LSD test. T1: 25C, T2: 40C S1: vegetative growth stages,S2: reproductive growth stages 
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Fig. 7. The interaction effect of growth stage and temperature in the recovery time the on phenol (a) and antioxidant 

activity(b). In each column means followed with similar letters are not significantly different at 5% level 

of probability based on LSD test.  T1: 25C, T2: 40C S1: vegetative growth stages, S2: reproductive 

growth stages 
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Fig. 8. The interaction effect of growth stage and temperature in the recovery time on the  ion leakage (a) and H2O2 

(b). In each column means followed with similar letters are not significantly different at 5% level of 

probability based on LSD test.  T1: 25C, T2: 40C S1: vegetative growth stages, S2: reproductive growth 

stages 
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Fig. 8. The interaction effect of growth stage and temperature in the recovery time on chlorophyll fluorescence (a) 

and SPAD value (b). In each column means followed with similar letters are not significantly different at 5% level 

of probability based on LSD test. T1: 25C, T2: 40C, S1: vegetative growth stage, S2: reproductive growth stage. 
<N�9- 1�N�#�� � "��� <M��� ��0 	���.�� ���. 	H �0 ���F ��2�) >
�5���� <a� (  <2����F <2����F rX��)b(.  �# �0

� ��952e
�26	��#  �F<J��M �_ �]� 8�� & �
��0 z�9+� q�M	0��  S��9M� yf5 �05% �� ���.E 4�5�LSD 

.�
���
  T1 :25  ���04�2R�5 PT2 :40  ���04�2R�5 PS1 P	+��� ��� ��M�� :S2	+��. ��� ��M�� :.  

  

-.�  
 	+#�,- �0Lu ����N�# � )7( �)E "0 ��)�� ��O2� �
0�0 ��+
#��)0 < �� WJ� �0 62)��- � �2 "� <��9� L���� �0 ���3 ��

 1�&	�]� ��H �� B�� "��0�9�F "��0  �� �F 75���29
"�#  �
�3 �0 �0�� 6�� ��O2� �0�� �9�F �� 	��� �m�M 1#�,- <��9�

��)0 < �� ��& < �� �� 7�R
 "��� ��9���#" -21 .75� �R�# 

1#�,-�# 	� ��+ 
 P1�& �/� �0 �Q���2#�2RF��- yf5  1��O�� �F �#07���
�  .� �� 62)��- ����� �25 � _�O2R �E ��25 �

	� _���& >2R-��2���E �0 �E �Q ��2���FP  �F 	�]� 6�����2- 	#0 �0 �Q���2#�2RF��-7R�.7X�5  .75� <2X0 62)��-

W2c�& W�O
E 72)�]� =��AA5 1��O�� Z��� �Q���2#�2AARF��- �� ���2& "�2�F ����FP5CS  �GDH 8���&��3 �2AAR� �0  W2c�& �

 �Q ��2� �0 "��0��]� 7�T�P5CS �� )20(. 

��0 1��O�� �� IAA5��9�P < �� � ��& < �� �0 O2
 S��� ���*� ��)0	�]� 1��O�� 	AA+��. � 	AA+��� �AA�� ��M�� �0 "� "��0

 .7����0 ��29
"�#  �� �m �M 1#�,-��9���#" -21  �R �# 75 � � Rivero ����N�# � )13( ���3 �0 �� �
0�F \��O3 	e
��

 ��O2� ��0 1��O��I2F�&"�# 	�]� 1��O�� O2
 	)��� .��9��� "��0  

 "0 ��)��  ��O2� �� 0 1��O�� �� �2 #�) E < �� �
 �3 �0 �# �0)�� )0 < �� � �� & < ��"�( 	�]� 1��O��0�F ��2 - "��0. 

W#62�^  "0 ��)�� ��O2� �2#�)E��)0 < �� �
�3 �0 �0 "��9��� .0�� ��& < �� �
�3 .� �9�F 1�& L���AAA���)0 < �� �0 �#"� 

)6( P 8�s )20( � 6�^ )5(  "0 ��)�� ��O2� ��0 1��O�� �� �F �
0�0 ��+
 �2#�)E	� ��2- 1��O�� O2
.����  

8��/�� �Q���2#�2AARF��-<NAA� 6��& .� �
�3 "�AA+
 .� ���� 	��
��& �F 7AA5� �,2AARF� S�]� "�#�9X��"� .� �� � 0��0 �� 

W# "�����- 69�� 7AA50 .� � 	N2)���9� :��{� 	e9;2AAR3�9X��"� �0 �2&��2AARF� 1�& .�
E Z��� �9X��	� 	3�� "�#0�AA� 

)14.( 6�������P  � 	AA+��� �AA�� ��M�� �0 �Q���2#�2AARF��- ��O2� 1��O�� Z��� ��0 1��O�� �F �AA� ��#�AA+� 1#�,- 6�� �0

 � 1�& ���. �0 �# �0 � 	+��.	���.�� ��)0 < �� � ��& < �� �
�3 �0 �R�# .�� "�� 6�� ���29
�#  ���3 1�& �F �� ��#�+�

�0 �Q���2#�2RF��- ��O2� 1��O�� Z��� ��)0 < ��"�  ��0�3)2.(  

  "�+
 0�N��� � "�����-�9X�� ��	� 4�RM ��0 �� 4�R�� ��H�0 �22|& �� B�� "��0 .�� �� 62k&��- ��9X�5 U�+ 
 "�#

 U�+
 72)��9N)� 7+
 1��O�� ��29
�0 � U�+
 72)�25 1��O�� Z����9X�� 	�0�� )8 .(1�N�#��  1���.E 6�� �0 �
�3 � ��0

a
a

b
b

34

36

38

40

42

44

46

48

50

S1 S2

<
2�

��
�F

 r
X�

�

C
h
lo

ro
p

h
y
ll

 I
n
d
ex

 (
S

p
ad

)

��� ��M��

Growth stage

T1

T2

b
a

a

b
b

0.78
0.785
0.79

0.795
0.8

0.805
0.81

0.815
0.82

0.825

S1 S2

5�
��

�
�

>



<
2�

��
�F

C
h
lo

ro
p

h
y
ll

 f
lu

o
re

sc
en

ce
 

(F
v
/F

m
)

��� ��M��

Growth stage

T1

T2

a

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
3.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

7-
12

 ]
 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.3.1
https://journal-irshs.ir/article-1-327-en.html


	*2*M � "��9]� 

296 

 �F 0�� �E .� 	F�M	�]� 1��O�� Z��� ��0 1��O����)0 � ��& < �� ��23 [�� �0 	
�� 7AA+
 �AA!�0 ��0 62�# �0 �F �AA� "�

 �95�����e+#�,- 8�& ��23 [�� �0 	
�� 7+
 ��O2� P��0 1��O�� �� �F �
0�0 ��+
7��� 1��O�� 8�s �+�� � 	e
�� )13(.  

	�]� 1#�F Z��� B�� "��0<2����F ��O2� �0 "��0 �� ���  ��2��5 ��25 �SPAD  �0��)0 < �� "� �� �F ����29
"�# 

 �m�M 1���.E 	
��;�#0��0 )10(1#�F . <2����F ��O2� �0 �/� 1�& }���� �� �2)�& S�N�0��"�# 0�.E �,2RF� �0 �9X�� 75� 

�F Z��� � ��25��2RF��- ��O�& <2����F 	�) 0��18 P17 (  

	� <2����F >
�AAA5���� ��O2�1�& �� <��& �0 ��23 	��
��& �
��& 0��� ��23 �� 1�& �F 	&��AAARX ��O2� � 	f2�� "�#

	��� �� ��F�#0 ��AA+
 	��X.  6�� �0 6�������1#�,-  1#�F Z��� ��0 1��O�� �F �AA� ��#�AA+���2AA+2�  	��9
E�F 0�N���

W9R 25 �9� II 	� 	N���& �� ���  ��3.�5  L����  �0 .0��W#62�^P 1�N�#�� �0 <2����F >
�5 ���� "�� �
�3 � ��0 �0 �# 

 ���. �0 	+ ��. � 	+ ��� �� � ��M��	���.��  "��0 0�0 ��+ 
40  ���04�2R �5  �
�3 �0 �# �0)��)0 < �� � ��& < �� ("�

 �2�Y& �0 .�AA� <2����F >
�AA5���� ��O2� 1#�F Z��� 6����29
�#P �9��� "�#Tan ����N�# � )16(  0�0 ��AA+
 ���3 1�& �0

 ��O2� 1#�F Z��� B�� "��0Fv/Fm  �0 ��&�&�AA�. 1�F�� �0 6��F WAAAR2)���9� � �2n�F~2& "�#~�B �0 	��2�2AA��9� "�#

�� 75~-���F "�#����95�<�� �����	��]� B�� "��0 �0 I��;& 	�!� "�#���W9R25�9� .�
� II �� �����-�
 B�� "��0 �0 8��

� � 75��� �E 72)�]	� 1#�F 8������P .0�� :J�9� �E 72)�]� 75� 6N�� B�� "��0 �0 �F "�M �& 

�/ ,��0 �  

 rX�AA� 4�AA5� ���.��
� "�#��)0 < �� �
�3 ��AA� "�23��&�F ���. �0 7AAR
��& �9?� ��& < �� �
�3 �� 7�AAR
 "�"�&  ��

	9
E ��O2� ��
�� B�� � U�AAA+
 I��;& 1#�F � �Q���2#�2AAARF��- 	3���B�- 62)��- � S��� P���2AAARF� "�#�/� 1�& V�;�

��&�F �AR��*� .��F ����� �� ���3 8��	3,��"�# �.��
� �A�� ��M�� 0�0 ��A+
 	A+��. � 	A+��� �A�� ��M�� �0 ��A� "�23

 B�� "��0 �� 7�R 
 	+ ��� <��&��0 "�9+ 2� � 0	3,��"�# 	9
E ��O2� <���  7�T� ��M�� 6�� �0 62)��- � S��� P���2R F�

 ���. �0	���.��  � �
�
�� 	J�� "�&B�� �M �0	3,��"�# ��&�F ���. �0 	
�� 7+
 � �2#�)E "0 ��)�� <���  	 �� 1#�F "�&

	�]��
0�F ��2- "��0.  

    1����                                                                                                        References  

1. Bates, L.S., R.P. Waldarn and I. P. Teare. 1973. Rapid determination of free proline for water studies. Plant  

Soil. 39: 205-208. 

2. Erickson, A.N. and A.H. Markhart. 2002. Flower developmental stage and organ sensitivity of bell pepper 

(Capsicum annuum L.) to elevated temperature. Plant Cell. Environ. 25: 123-132. 

3. Foyer, C.H. and B. Halliwell. 1976. The presence of glutathione and glutathione reductase in chloroplasts: a 

proposed role in ascorbic acid metabolism. Planta, 133: 21-25. 

4. Khazaei, Z.,  M. Sayyari and M. Seydi. 2014. Effect of 5- aminolevulinic acid on changes of water deficit 

stress tolerance index and catalase activity of sweet pepper seedlings (Capsicum annuum L. cv. Red Bell 

pepper).  Plant Prod. (Sci. J. Agr.) 37(4): 79-92. (In Persian) 

5. Larkindale, J. and B. Huang. 2004a. Changes of lipid composition and saturation level in leaves and roots for 

heat-stressed and heat-acclimated creeping bentgrass (Agrostis stolonifera). Environ. Exp. Bot. 51: 57-67. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
3.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

7-
12

 ]
 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.3.1
https://journal-irshs.ir/article-1-327-en.html


	3,�� 	���.�� 	��
��& �R��*���& < �� _�Q�)��O2� "�#... 

297 

6. Li, T., X. Xu, Y. Li, H. Wang and Z. Li. 2015. Comparative transcriptome analysis reveals differential 

transcription in heat-susceptible and heat-tolerant pepper (Capsicum annum L.) cultivars under heat stress. J. 

Plant Biol. 58: 411-424. 

7. Lu, M.H., Z.H. Gong, R.G. Chen, W. Huang and D.W. Li. 2009. Research advance of heat stress and heat 

tolerance in pepper. North Hort. 9: 99–102. 

8. Lutts, S., J.M. Kinetand and J. Bouharmont. 1996. NaCl-induced senescence in leaves of rice (Oryza sativa L.) 

cultivars differing in salinity resistance. Ann. Bot. London. 78: 389-398. 

9. Mobli, M. and P. Aghdak. 2011. Greenhouse vegetable growing technology (soil and soilless culture). Ardakan 

Danesh Publications, 177 pages. (In Persian) 

10. Nasibi, F., Kh. Manouchehri Kalantari and N. Fazelian. 2012. The effects of spermidin and methylene blue 

pretreatment on some physiological responses of Matricaria recutita plants to salt stress. J. Plant Prod. 1(2): 

61-71. (In Persian) 

11. Porch, T. and M. Jahn. 2001. Effects of high‐temperature stress on microsporogenesis in heat‐sensitive and 

heat‐tolerant genotypes of Phaseolus vulgaris. Plant Cell Environ. 24: 723-731. 

12. Rajabi, R. and S.S. Poordad. 2010. A study on cold resistance in safflower varieties and lines by physiological 

and biochemical indices. J. Plant Prod. 33(2): 1-14. (In Persian) 

13. Rivero, R.M., J.M. Ruiz, P.C. Garcıa, L.R. Lopez-Lefebre, E. Sanchez and L. Romero. 2001. Resistance to 

cold and heat stress: accumulation of phenolic compounds in tomato and watermelon plants. Plant Sci. 160: 

315-321. 

14. Sairam, R., G. Srivastava, S. Agarwal and R. Meena. 2005. Differences in antioxidant activity in response to 

salinity stress in tolerant and susceptible wheat genotypes. Biol. Plant. 49: 85-91. 

15. Sergiev, I., V. Alexieva and E. Karanov. 1997. Effect of spermine, atrazine and combination between them 

on some endogenous protective systems and stress markers in plants. C. R. Acad. Bulg. Sci. 51: 121-124. 

16. Tan, W., Q. Wei Meng, M. Brestic, K. Olsovska and X. Yang. 2011. Photosynthesis is improved by exogenous 

calcium in heat-stressed tobacco plants. J. Plant Physiol. 168: 2063-2071. 

17. Wang, D., M. Shannon and C. Grieve. 2001. Salinity reduces radiation absorption and use efficiency in 

soybean. Field Crops Res. 69: 267-277. 

18. Wang, Y., J. Zhang, J.L. Li and X.R. Ma. 2014. Exogenous hydrogen peroxide enhanced the thermotolerance 

of Festuca arundinacea and Lolium perenne by increasing the antioxidative capacity. Acta Physiol. Plant. 

36: 2915-2924. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
3.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

7-
12

 ]
 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.3.1
https://journal-irshs.ir/article-1-327-en.html


	*2*M � "��9]� 

298 

19. Yu, L., S. Haley, J. Perret, M. Harris, J. Wison and M. Qian. 2002. Free radical scavenging properties of 

wheat extracts. J. Agr. Food Chem. 50: 1619–1624. 

20. Zhu, X., F. Song and H. Xu. 2010. Influence of arbuscular mycorrhiza on lipid peroxidation and antioxidant 

enzyme activity of maize plants under temperature stress. Mycorrhiza, 20:325-332. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
3.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

7-
12

 ]
 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.3.1
https://journal-irshs.ir/article-1-327-en.html


	3,�� 	���.�� 	��
��& �R��*���& < �� _�Q�)��O2� "�#... 

299 

Iranian Journal of Horticultural Science and Technology 21 (3): 289 - 298 (2020) 
Research type 

 

Comparing the Ability to Recover Physiological Traits of Hot Pepper and 

Sweet Pepper Following High Temperature Stress  

 

M. Motamadi and M. Haghighi*11 

 

 The plants' ability to recover from stress conditions is different. Tolerant plants can recover 

faster and better after stress. This study was conducted to study the ability of recovery of hot- 

and sweet pepper under high temperature (40°C) based on a factorial experiment under the 
complete randomized design (CRD) at greenhouses conditions in vegetative and reproductive 

stages with 3 replicates. Proline, malondialdehyde (MAD), antioxidant, phenol, ion leakage, 

and hydrogen peroxide increased in both stages under heat stress. Proline and phenol were 

lower in the reproductive stage compared to the vegetative stage. The highest proline, 

antioxidant, and phenol contents were in sweet pepper whereas, MDA, hydrogen peroxide and, 

ion leakage in hot pepper under heat stress. Study the parameters in both stages showed that the 

vegetative stage was more tolerant to heat stress with increasing antioxidant, phenol, and 

proline contents in recovery time. Sweet pepper was more tolerant to heat stress with decreasing 

membrane destruction, increase antioxidant, proline, and phenol contents during recovering 

time after heat stress. 

Keywords: Antioxidant capacity, Growth stage, Heat stress, Hydrogen peroxide. 
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