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Effect of Seed Priming and Foliar Application of Melatonin on Growth and 

Flowering Characteristics of Spinach (Spinacia oleraceae cv. Varamin 88)  
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Table 1. Effect of melatonin on some morphological and physiological traits of spinach. 
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1 -  Capsicum annuum L.             2 -          Raphanus sativus L.   3 - Aloe vera L.           4 - Solanum lycopersicum L.  
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Table 2. Effect of melatonin on number of leaves at flowering time and number of days to flowering of spinach.  
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Group II                                        Group I  

           
Fig. 1. Microscopic images of longitudinal cutting of spinach meristem in four leaf stage.  

Group I: meristems in the early stages of flowering; Group II: meristems in advanced flowering 

stages.  

� Q?1- ���:& 
/�?1��?3� ]T>��� 
,�G J���#I�� 1
 " ��8�� �5 2  �&3 
4�� . ���4I: ]T>��� �3,�
 Q8
�� �5 �#


#��4� ���4 II: ]T>���T��03/ Q8
�� �5 �#� 
#��4.  
 

 <1
 ��� J�
V4]�V�6 	�3� K�
V�
 Serotonin N-acetyltransferase (SNAT)   �;6 @��B6 �3>� �5 ]�V�>�D<<B�1 


� @3��&A� K�
V�
 �� ���� �����
�-�  @3��&A�	��5
D" �� <�>� �Ti��
�& t��� 	�#�34  	�#�34 ��� 
08��  
#��4

 �� <�>� �Ti��
�& 	�#�34 	�#�34 �T # L� 
08� �3B�&�5
5 	�0���
 )6 .(
1��� �; <1
 �5
5 	�0� �# �R� 	���>3B

 �b�& �� @3��&A� ��
4.�& ��� �  V3� 
� ��34 5�?��� �?�� <1
 �O�� ��34��D  �
�9 �3O�&
��#5@�
 . ���3& �; �R� 	���>3B

�3>� �^ �5 �33d& E��� @3��&A�
� 
?3,���T� "�# 5�
5 
1��� �� D�3� 55�4)11M 25.(   

+2
0���
� 

���3& |B�� K�
V�
 E��� @3��&A� � I�� 1
 "��� "�#�
�-� �5�4 S�� Q3����; "�#���3& .�50  �100 
�3� �5 ��4

 �T3,	���>3B �R�  @3��&A� K�
V�
 E��� M@3��&A�	��5
D"  D
 � ���� I�� 1
 ��34�U�5 "�1  
� 
#��4 	��D ���3& �5 @�


 ���3B�&  .��TB
��
@�
�����M 
� �N� ��Z[1 �1�"�# �5��� 
0��� ��� v�! 
� ��34 "_��
 ���B� M@3��&A� "u��  �� �R4 �

 �� 
� 
0�
D D���3B�& 
�
1��� @�
 �5 .5D
��
M  2�
�� �5 I�� 1
 	�#�34
#�4���  
#��4 ����
V3U�
 D��) ���� /  (��&�; E�

���� �5
5 J���/M @�
����� ��&A� �; 5�
5 5��� F��T8
 @�
�� @3 F�?,�� L� 	
�����3/	�1�  M	�#�34 �5 
&�38��  �5 <,�B5

#��; � D�1 �3>� 
,�?,�� "�
#�4��� 
� @3��&A� D
 �5� T1
 .���� ��� 
0�
D D�� �� 5��� �5 �3B`& E��� M
#��4 �5 ��
�&

 ���3B�&  .���� �O�� F�:�� <3 3; K�
V�
 � I�� 1
 
#��4 @TB
��
]#@3�^M � K-� �� ���& �� � �5 @3��&A� �; 
�
V1

5�
5 	�>�
 <�A1M  @3��&A� K�
V�
	��5D 
5����; �O
 �5 M	6 
���B  
� "V�1 @�
 
�
R� JD�
��	
���  
\3�G z���� D
 
?�


� u�� ����; v�:� "
�� @3��&A�.5��  

                                                  3��#�                                                                                  References     

1 .@>�� .v M.n M5
� 
��4�b^ ."�� � .H � �5
D1391�5 L�i& � �5�4 ��
5 @��?& Q8
�� .Anthemis odontostephana Boiss. 

var. odontostephana ���� K#�./"�# 
#�34M 556-544) :4(8. 

2. Abe, E., K. Fujino, K. Masuda and Y.  Yamaguchi. 2014. Isolation and expression profiling of a 
CONSTANS-like gene and two FLOWERING LOCUS T-like genes from Spinacia oleracea L. Amer. J. 
Plant Sci. 5(25):4018-4028. 

3. Arnao, M.B. and J. Hernández-Ruiz. 2018. The Potential of Phytomelatonin as a Nutraceutical. Molecules, 
23(1):1-19. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
98

.2
0.

1.
9.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

9-
03

 ]
 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.1.9.6
http://journal-irshs.ir/article-1-288-fa.html


	
��?�# � �5
D��� 

50 

4.  Arnao, M.B. and J. Hernández-Ruiz. 2017. Growth activity, rooting capacity, and tropism: three auxinic 
precepts fulfilled by melatonin. Acta Physiol. Plant. 39(6):127-139. 

5. Arnao, M.B. and J. Hernández‐Ruiz. 2009. Assessment of different sample processing procedures applied to 
the determination of melatonin in plants. Phytochem. Anal. 20(1):14-18. 

6. Byeon, Y. and K. Back. 2014. An increase in melatonin in transgenic rice causes pleiotropic phenotypes, 
including enhanced seedling growth, delayed flowering, and low grain yield. J. Pineal Res. 56(4):408-414. 

7. Chen, Q., W.B. Qi, R.J. Reiter, W. Wei and B.M. Wang. 2009. Exogenously applied melatonin stimulates 
root growth and raises endogenous indoleacetic acid in roots of etiolated seedlings of Brassica juncea. J. 
Plant Physiol. 166(3):324-328. 

8. Hasan, M., G.J. Ahammed, L. Yin, K. Shi, X. Xia, Y. Zhou and J. Zhou. 2015. Melatonin mitigates cadmium 
phytotoxicity through modulation of phytochelatins biosynthesis, vacuolar sequestration, and antioxidant 
potential in Solanum lycopersicum L. Front. Plant Sci. 601:1-14. 

9. Hardeland, R. 2014. Melatonin in plants and other phototrophs: advances and gaps concerning the diversity 
of functions. J. Exp. Bot. 66(3):627-646. 

10. Hernandez‐Ruiz, J., A. Cano and M.B. Arnao. 2005. Melatonin acts as a growth‐stimulating compound in 
some monocot species. J. Pineal Res. 39(2):137-142. 

11. Janas, K.M. and M.M. Posmyk. 2013. Melatonin, an underestimated natural substance with great potential 
for agricultural application. Acta Physiol. Plant. 35(12):3285-3292. 

12. Karege, F., C. Penel and H. Greppin. 1982. Floral induction in spinach leaves by light, temperature and 
gibberellic acid: use of the photocontrol of basic peroxidase activity as biochemical marker. J. PI Physiol. 
107(4):357-365. 

13. Kolář, J. and I. Macháčková. 2005. Melatonin in higher plants: occurrence and possible functions. J. Pineal. 
Res. 39(4):333-341. 

14. Kolar, J., C.H. Johnson and I. Machackova. 2003. Exogenously applied melatonin 
(N‐acetyl‐5‐methoxytryptamine) affects flowering of the short‐day plant Chenopodium rubrum. Physiol. 
Plant. 118(4):605-612. 

15. Liang, C., A. Li, H. Yu, W. Li, C. Liang, S. Guo and C. Chu. 2017. Melatonin regulates root architecture 
by modulating auxin response in rice. Front. Plant Sci. 8:134-145. 

16. Machacckova, I. and J. Krekule. 2002. Sixty-five years of searching for the signals that trigger flowering. 
Rus. J. Plant Physiol. 49(4):451-459. 

17. Murch, S.J., A.R. Alan, J. Cao and P.K. Saxena, 2009. Melatonin and serotonin in flowers and fruits of 
Datura metel L. J. Pineal Res. 47(3):277-283. 

18. Murch, S.J. and P.K. Saxena. 2002. Mammalian neurohormones: potential significance in reproductive 
physiology of St. John's wort (Hypericum perforatum L.)?. Sci. Nature. 89(12):555-560. 

19. Park, W.J. 2011. Melatonin as an endogenous plant regulatory signal: debates and perspectives. J. Plant 
Biol. 54(3): 143-149. 

20. Pelagio‐Flores, R., E. Muñoz‐Parra, R. Ortiz‐Castro and J. López‐Bucio. 2012. Melatonin regulates 
Arabidopsis root system architecture likely acting independently of auxin signaling. J. Pineal Res. 
53(3):279-288.  

21. Posmyk, M.M., M. Bałabusta, M. Wieczorek, E. Sliwinska and K.M. Janas. 2009. Melatonin applied to 
cucumber (Cucumis sativus L.) seeds improves germination during chilling stress. J. Pineal Res. 46(2):214-
223. 

22. Sarropoulou, V.N., I.N. Therios and K.N. Dimassi‐Theriou. 2012. Melatonin promotes adventitious root 
regeneration in in vitro shoot tip explants of the commercial sweet cherry rootstocks CAB‐6P (Prunus 
cerasus L.), Gisela 6 (P. cerasus× P. canescens), and MxM 60 (P. avium× P. mahaleb). J. Pineal Res. 
52(1):38-46. 

23. Strain, H. H. and W.A. Svec. 1966. Extraction, separation, estimation, and isolation of the chlorophylls. 
The chlorophylls. 21-66. 

24. Szafranska, K., R. Szewczyk and K.M. Janas. 2014. Involvement of melatonin applied to Vigna radiata L. 
seeds in plant response to chilling stress. Cent. Eur. J. Biol. 9(11):1117-1126. 

25. Tan, D.X., R. Hardeland, L.C Manchester, A. Korkmaz, S. Ma, S.,Rosales-Corral and R.G. Reiter. 2011. 
Functional roles of melatonin in plants, and perspectives in nutritional and agricultural science. J. Exp. 
Bot. 63(2):577-597. 

26. Taylor, A.G., P.S. Allen, M.A. Bennett, K.J. Bradford, J.S. Burris and M.K. Misra. 1998. Seed 
enhancements. Seed Sci. Res. 8(2):245-256. 

27. Wang, P., L. Yin, D. Liang, C. Li, F. Ma and Z. Yue. 2012. Delayed senescence of apple leaves by 
exogenous melatonin treatment: toward regulating the ascorbate–glutathione cycle. J. Pineal Res. 53(1):11-
20. 

28. Wei, W., Q. Li, Y.N. Chu, R.J. Reiter, X.M. Yu, D.H. Zhu and S.Y. Chen. 2014. Melatonin enhances plant 
growth and abiotic stress tolerance in soybean plants. J. Exp. Bot. 66(3): 695-707. 

29. Zhang H, Wang L, Shi K, Shan D, Zhu Y, Wang C, Bai Y, Yan T, Zheng X, Kong J. 2018. Apple tree 
flowering is mediated by low level of melatonin under the regulation of seasonal light signal. J. Pineal Res. 
30:e12551. 

30. Zhang, N., B. Zhao, H.J. Zhang, S. Weeda, C. Yang, Z.C. Yang and Y.D. Guo. 2013. Melatonin promotes 
water‐stress tolerance, lateral root formation, and seed germination in cucumber (Cucumis sativus L.). J. 
Pineal Res. 54(1):15-23. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
98

.2
0.

1.
9.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

9-
03

 ]
 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.1.9.6
http://journal-irshs.ir/article-1-288-fa.html


<N�� �O
"�# ��&A� h�Ti�3@ B�� ��
 ��4.
"�#...  

51 

Iranian Journal of Horticultural Science and Technology 20 (1): 43- 50 (2019) 

Research article 
 

Effect of Seed Priming and Foliar Application of Melatonin on Growth and 

Flowering Characteristics of Spinach (Spinacia oleraceae cv. Varamin 88)  

 

S. Amoozadeh, F. Dashti* and H. Sarikhani11 

 

    Melatonin (N-acetyl-5-methoxytryptamine) is a highly conserved molecule that is not 

exclusive to the animal kingdom and its presence in plants has been confirmed by numerous 

studies. Melatonin has delayed flowering in some day-sensitive plants. When spinach enters 

the reproduction phase, its nutritional value is markedly reduced. This experiment was 

conducted to evaluate the effects of melatonin on some growth and flowering traits of spinach 

based on a completely randomized design with 8 treatments and 12 replications. Treatments 

included seed priming and foliar application of melatonin at concentrations of 0, 25, 50, and 

100 mg L-1. The results showed that leaf area, fresh and dry weight of shoots, the number of 

lateral roots, chlorophyll content, and the amount of endogenous melatonin in seed-primed 

plants were increased by 14.8, 21.8, 22, 29.86, 64.78, and 97%, respectively. Flowering time 

of plants was delayed by exogenous application of melatonin. Plants derived from seeds 

primed with 100 mg L-1 of melatonin showed greater days to flowering with higher number of 

leaves at this stage. This delay in flowering was confirmed at the microscopic level by 

examining the meristems at four-leaf stage. Based on the results of this study, it can be 

concluded that melatonin delayed the transition to the reproductive phase and left the plant in 

the vegetative phase by enhancing vegetative growth of the spinach plant. 

Keywords: Delayed flowering, Photoperiod, Apical meristem, Endogenous melatonin. 
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