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1 - γ-aminobutyric acid (GABA)     
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1 -  Ferric Reducing Antioxidant Power                                                             2 - 2, 4, 6 Tripyridyl-s-Triazin (TPTZ)  
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Fig. 1. Effects of gamma aminobutyric acid treatments on total phenol content of ‘Bidaneh Sefid’ and ‘Hosseini’ 

grapes under cold stress. G1: control, G2: 15 mM, G3: 30 mM, G4: 60 mM. Means with same letters are not 

significantly different at the 1% level of Duncan's multiple range test. 
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Fig. 2. Effects of gamma aminobutric acid treatments on carbohydrate content of ‘Bidaneh Sefid’ and ‘Hosseini’ 

grapes under cold stress. G1: control, G2: 15 mM, G3: 30 mM, G4: 60 mM. Means with the same letters 

are not significantly different at the 1% level of Duncan's multiple range test. 
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Fig. 3. Effects of gamma aminobutric acid treatment on antioxidant content of Bidaneh Sefid and Hosseini under 

during cold stress. G1: control, G2: 15 mM, G3: 30 mM, G4: 60 mM. The mean of each hour with the 

same letter was not statistically significant at the 1% level of Duncan's multiple range test. 
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Fig. 4. Effects of gamma-aminobutric acid treatment on lipid peroxidation of Bidaneh Sefid and hosseini under 

during cold stress. G1: control, G2: 15 mM, G3: 30 mM, G4: 60 mM. The mean of each hour containing 

the same letter was not statistically significant at the 1% level of Duncan's multiple range test. 
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Fig. 5. Effects of gamma aminobutric acid treatment on proline content of Bidaneh Sefid and Hosseini under 

during cold stress. G1: control, G2: 15 mM, G3: 30 mM, G4: 60 mM. The mean of each hour with the 

same letter was not statistically significant at the 1% level of Duncan's multiple range test. 
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Fig. 6. Effects of gamma aminobutric acid treatment on the activity of Catalase enzyme in Bidaneh Sefid and 

Hosseini under during cold stress. G1: control, G2: 15 mM, G3: 30 mM, G4: 60 mM. Mean hours of the 

same letter were not statistically significant at the 1% level of Duncan's multiple range test. 
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Fig. 7. Effects of gamma aminobutric acid treatment on the activity of guaiacol peroxidase enzyme in Bidaneh Sefid 

and Hosseini under during cold stress. G1: control, G2: 15 mM, G3: 30 mM, G4: 60 mM. Mean hours of 

the same letter were not statistically significant at the 1% level of Duncan's multiple range test. 
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Fig. 8. The effects of gamma aminobutric acid treatment on the activity of ascorbate peroxidase enzyme in 

Bidaneh Sefid and Hosseini under during cold stress. G1: control, G2: 15 mM, G3: 30 mM, G4: 60 mM. 

The mean of each hour with the same letter was not statistically significant at the 1% level of Duncan's 

multiple range test. 

4]� 8-  "�#�@� ���8$$����8�C���A8B��  �80� �� 2�F
C D8,�e� ��F8� 1��8;9��+ :����]0C�
��8� ��G
� 	�8;I � �8 0  ��1

 .���0 .�$G1/�#�� :G2  :15	�8�/�R��G3  :30 	�8�/�R��G4  :60 	�8�58G
�8� .�R�� ���)� [�I "���= "�#

	�e� :�� $= z_0 �= "��1����= ��P ���1C �!�=.=���
 5]
�= "�  

 

���� /5�4(  
 .�$ ���0 �=��$�9 ���1 5��$:��;<"�#  �� "��8;���M;9�$ "�# ��G
�48��$ 	���9. L89�$ 	<�� 1� �=� M0� "�#

�8� ��A1�0 	��8���A ��Y�# $����8�C8B��  �80�	� �
��$ ��F8� 4��$�� ��8A ���= �= .�$  .��F�� ���0� �#=  �=��R�� ��

 �8 � ��� .��F�� F8
 � 6�7�� D8 89 � �8,�$ ����
�� .��F�� L�0 /��G
� ��Mq� ��H�� �= 4��$h�$"�# .==�A ��G
� 

 U�0����M���	� .#�*+ 5�� "�# ���$ D A���8$60 	�8����A �R�� ��8�CB��8$�� "�� �80�  2H�
��8�� �8 0/ ��Z�  �8,�$

�M)8� 	)��;9�=�+ 2�F
C / D���
� � 58,��+ D<�0L89�$"�# 	�+	,��� .�$ u���� �= ���=�A � 6�]�=�� D8,�e� ��F8� "�#

 �8 0 �
��8� 2H� �= �� =�1C2H� �� D�;
  	�8;ID0� �=�= .#�9.   

6����                                                                                                                                        References 

1. Benzie, I.F.F and J.J. Strain. 1996. The ferric reducing ability of plasma (FRAP) as a measure of ‘antioxidant 

power’: The FRAP assay. Anal. Bioch. 239: 70-76. 

2. Bertamini, M., K. Muthuchelian, M. Rubinigg, R. Zorer and N. Nedunchezhian. 2005. Photoinhibition of 

photosynthesis in leaves of grapevine (Vitis vinifera L. cv. Riesling). Effect of chilling nights. 

Photosynthetica.,43: 551-557.  
3. Deewatthanawong, R., P. Rowell and C. Watkins. 2010. γ-Aminobutyric acid (GABA) metabolism in CO2 

treated tomatoes. Post Biol.Technol. 57: 97-105. 

4. Dhindsa, R.S., P. Dhindsa and A.T. Thorpe. 1981. Leaf senescence correlated with increased levels of 

membrane permeability and lipid peroxidation and decrease levels of superoxide dismutase and catalase. Exp. 

Bot. 32: 93-101. 

5. FAO. 2018. FAOSTAT- Agricultural Data. http://faostat.fao.org/. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
12

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
7-

12
 ]

 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.12.0
https://journal-irshs.ir/article-1-442-en.html


6���� �@� B��8$����8�C ���A 	��+... �80� 

341 

6. Fernandez, O., L. Vandesteene, R. Feil, F. Baillieul and J.E. Lunn. 2012. Trehalose metabolism is activated 

upon chilling in grapevine and might participate in Burkholderia phytofirmans induced chilling tolerance. 

Planta, 16: 11-4. 

7. Ghobadipour, Z., T., Javadi And N. Ghaderi. (2015) The effect of osmotic stress and external application of 

gamma aminobutyric acid on morphological and physiological characteristics of strawberry cultivar Queen 

Eliza. Master Thesis. University of Kurdistan .124 Pp. (in persian) 

8. Habibi, F., A. Ramezanian, M. Rahemi, S. Eshghi, F. Guillen, M. Serrano and D. Valero. 2019. Postharvest 

treatments with γ-aminobutyric acid, methyl jasmonate or methyl salicylate enhance chilling tolerance of 

blood orange fruit at prolonged cold storage. Sci. Food. Agr. 21: 46-59. 

9. Heath, R.L and L. Packer. 1985. Photo peroxidation in isolated chloroplast, I. Kinetics and stoichiometry of 

fatty acid peroxidation. Archi. Biochem. Biophys. 125: 189-198. 

10. Honty, K., E. Sardi, E. Stefanovits-Banyai and M. Toth. 2008. Frost induced changes in enzyme activities and 

carbohydrate content in spurs of some pear cultivars during the dormancy. Intern. Hort. Sci. 14: 41-44. 

11. Irigoyen, J.J., D.W. Emerich and M. Sanchez-Diaz. 1992. Water stress induced changes in concentrations of 

proline and total soluble sugars in nodulated alfalfa (Medicago sativa) plants. Plant Physiol. 84:55- 60. 

12. Jin, C., K.Q. Li, X.Y. Xu, H.P. Zhang, H.X. Chen, Y.H. Chen, J. Hao, Y. Wang, X.S. Huang and S.L. Zhang. 

2017. A novel NAC transcription factor, PbeNAC1, of Pyrus betulifolia confers cold and drought tolerance via 

interacting with PbeDREBs and activating the expression of stress-responsive genes. Front Plant Sci. 8: 1049-

1063. 

13. Kang, H. and M. Saltveit. 2001. Activity of enzymatic antioxidant defense systems in chilled and heat 

shocked cucumber seedling radicals. Physiol. Plant. 113: 548-556. 

14.Karimi Alavijeh, M., A. Ebadi, A. Mousavi, A.R. Salami. 2015. Investigation of changes in catalase, 

peroxidase and protein nucleosides in response to cold stress in some grape cultivars. J. Hort. Sci. 

(Agricultural Sciences and Industries), 103-110: (1) 29. (In Persian) 

15. Kaur, G., S. Kumar, P. Thakur, J.A. Malik and K. Bhandhari. 2011. Involvement of proline in response of 

chickpea (Cicer arietinum L.) to chilling stress at reproductive stage. Sci Hort. 128: 174-181. 

16. Li, W., J. Liu, U. Ashraf, G. Li, Y. Li, W. Lu, L. Gao, F. Han and J. Hu. 2016. Exogenous γ aminobutyric 

Acid (GABA) application improved early growth, net photosynthesis, and associated physio biochemical 

events in maize. Front. Plant Sci. 7:106-115. 

17. Mahmud, J.A., M. Hasanuzzaman, K. Nahar, A. Rahman, M.S. Hossain and M. Fujita. 2017. γ-aminobutyric 

acid (GABA) confers chromium stress tolerance in Brassica juncea L. by modulating the antioxidant defense 

and glyoxalase Preprints. Ecotoxicol. 26(5): 675-690. 

18. Malekzadeh, P., F. Khosravi-Nejad, A.A. Hatamnia and R.S. Mehr. 2017. Impact of postharvest exogenous γ-

aminobutyric acid treatment on cucumber fruit in response to chilling tolerance. Physiol. Mol. Biol. Plants. 7: 

1-10. 

19. Nakano, Y and K. Asada. 1981. Hydrogen peroxide is scavenged by ascorbate- specific peroxidase in spinach 

chloroplasts. Plant.Cell Physiol. 22: 867-880. 

20.Nejatiyan, M.A. 2013. Comparison of cold tolerance in some grape cultivars of Iran and Europe. J. Prod. Proc. 

Crop Hort. Prod. 157-170: (7) 3. (In Persian) 

21. Paquin, R and P. Lechasseur. 1979. Observations ssue une methode de dosage de la proline libre dans les 

extraits de plantes. Can. J. Bot. 57: 1851-1854.  

22. Pereira, A. 2016. Plant abiotic stress challenges from the changing environment. Fron. Plant Sci. 7: 11-23. 

23. Ramalho, J.C., A.P. Rodrigues, F.C. Lidon, L.M. Marques, A.E. Leitao, A.S. Fortunato, I.P. Pais, M.J. Silva, 

P. ScottiCampos, A. Lopes, F.H. Reboredo and A.I. Ribeiro-Barros. 2018. Stress cross-response of the 

antioxidative system promoted by superimposed drought and cold conditions in Coffea spp. PLOS One. 24: 

66-73. 

24. Sabir, A., E. Kafkas and S. Tangolar. 2010. Distribution of major sugars, acids and total phenols in juice of 

five grapevine (Vitis spp.) cultivars at different stages of berry development. Spanish Agri. Res. 8(2): 425-433. 

25. Sharma, A., B. Shahzad, A. Rehman, R. Bhardwaj, M. Landi and B. Zheng. 2019. Response of 

phenylpropanoid pathway and the role of polyphenols in plants under abiotic stress. Molecules, 24(13): 24-52. 

26. Shelp, B.J., G.G. Bozzo, C.P. Trobacher, A. Zarei, K.L. Deyman and C.J. Brikis. 2012. Hypothesis/review: 

Contribution of putrescine to 4-aminobutyrate (GABA) production in response to abiotic stress. Plant Sci. 193: 

130-135. 

27. Slinkard, K and V.L. Singleton. 1977. Total phenol analysis Automatin and comparison with manual methods. 

American Journal of Enology and Viticulture, 28: 49-55. 

28. Taji, T., C. Oshumi, S. Iuchi, M. Seki, M. Kasuga, Y.K. Kobayashi, M. Shinozak and K. Shinozaki. 2002. 

Important roles of drought and cold inducible genes for galactinol synthase in stress tolerance in Arabidopsis 

thaliana. Planta, 29: 417-426. 

29. Turhan, E and S. Ergin. 2012. Soluble sugars and sucrose-metabolizing enzymes related to cold acclimation of 

sweet cherry cultivars grafted on different rootstocks. Sci. World. 21: 277-285. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
12

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
7-

12
 ]

 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.12.0
https://journal-irshs.ir/article-1-442-en.html


����]�# � 	
���H 

342 

30. Upadhyaya, A., D. Sankhla, T.D. Davis, N. Sankhla and B.N. Smith. 1985. Effect of paclobutrazol on the 

activities of some enzymes of activated oxygen metabolism and lipid peroxidation in senescing soybean 

leaves. Plant Physiol. 121: 453-461.  

31. Veskoukis, A.S., A.M. Tsatsakis and D. Kouretas. 2012. Dietary oxidative stress and antioxidant defense with 

an emphasis on plant extract administration. Cell Stress and Chap. 17(1): 11-21. 

32. Vijayakumari, K and J.T. Puthur. 2016. γ-Aminobutyric acid (GABA) priming enhances the osmotic stress 

tolerance in peper nigrum Linn. plants subjected to PEG-induced stress. Plant Growth Reg. 78(1): 57-67. 

33. Wang, Y., Z. Luo, X. Huang, K. Yang, Sh. Gao and R. Du. 2014. Effect of exogenous γ-aminobutyric acid 

(GABA) treatment on chilling injury andantioxidant capacity in banana peel. Hort. Sci. 168: 132-137. 

34. Xiao, Z., S. Liao, S. Rogiers, V. Sadras and S. Tyerman. 2018. Effect of water stress and elevated temperature 

on hypoxia and cell death in the mesocarp of Shiraz berries. Aust. Grape Res. 20: 487-497. 

35. Xu, W., D.T. Rosenow and H.T. Nguyen. 2008. Stay green trait in grain sorghum: relationship between visual 

rating and leaf chlorophyll concentration. Plant Breed. 119(4): 365-367. 

36. Yang, A., S. Cao, Y. Cai and Y. Zheng. 2011. γ-Aminobutyric acid treatment reduces chilling injury and 

activates the defense response of peach fruit. Food Chem.129: 1619-1622. 

37. Zahedipour, P., M. Asghari, B. Abdollahi, M. Alizadeh and Y.R. Danesh. 2019. A comparative study on 

quality attributes and physiological responses of organic and conventionally grown table grapes during cold 

storage. Hort. Sci. 247: 86-95. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Iranian Journal of Horticultural Science and Technology 21(3): 331 - 342 (2020) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
12

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
7-

12
 ]

 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.12.0
https://journal-irshs.ir/article-1-442-en.html


6���� �@� B��8$����8�C ���A 	��+... �80� 

343 

Research article 
 

 

Effects of Gamma Aminobutyric Acid (GABA) Foliar Application on 

Biochemical and Physiological Properties of Grapevine under Cold Stress 
 

B. Ghorbani , H. Hassanpour*  and M. Jafari11 

 

Cold stress is one of the most important causes of reduced crop production and result in a lot of 

damages every year. In order to investigate the effect of gamma aminobutyric acid (GABA) 

spray on physiological and biochemical traits and improvement of cold tolerance, a study was 

conducted on Bidaneh Sefid and Hosseini cultivars factorial in a completely randomized design 

at the Urmia University. In this experiment, GABA was sprayed at four concentrations (0, 15, 30 

and 60 mM) during 10-15 leaf stage in two cultivars (Bidaneh Sefid and Hosseini). The treated 

seedlings were then placed in a growth chamber at 4 °C and sampling of young and fully 

developed leaves was performed at defined times (0, 3, 6, 12 and 24 hours) and biochemical 

parameters such as total phenol, total soluble carbohydrate, antioxidant capacity, lipid 

peroxidation, proline content and activity of enzymes such as catalase, guaiacol peroxidase and 

ascorbate peroxidase were investigated. The results showed that the most positive impact against 

deleterious effects of cold was observed in 60 mM GABA at 24 hours after cold treatment 

compared to other treatments in both cultivars. The results also showed that the highest total 

soluble carbohydrate, total phenol, and proline content and the lowest lipid peroxidation were 

observed at 12 and 24 hours after cold treatment in Hosseini cultivar. The use of this compound 

increases plant signaling and prevents severe damage by removing free radicals during stress. 

Keywords: Antioxidant enzymes, Lipid peroxidation, Proline, Foliar spray. 
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