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Table 1. Physical and Chemical Properties of Soil in Research Field of Gorgan University of Agricultural 

Sciences and Natural Resources. 
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 Available phosphorus (ppm) 
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Available potassium (ppm)  
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Available nitrogen (ppm) 
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Clay (%) 
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Silt (%) 

30 
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Organic carbon content (%) 
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Electrical Conductivity (dS m-1) 
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1 - Brix at 20°C                  2 - Association of Official Agricultural Chemists                3 - Di nitro phenyl hydrazine  
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Fig. 1. Comparison of means of fruit length, diameter, weight and volume in different tomato landraces. 

Columns with similar letters are not significantly different at 5% level of probability according to 

Duncan multiple range test.  
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Table 2. Average, range, landraces with higher and lower values and coefficient of variation of studied traits in 

different landraces. 
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Diameter (mm) 
31/48 44/58-25/04  Varamin-Gorgan2  17/05  
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Length (mm)  

28/62 45/85-21/89  Varamin-Gorgan2  15/42  
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Weight (g)  

20/36 56/86-8/99  Varamin-Gorgan2  30/82  
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Volume (mm3)  

20/23 59-9/1  Varamin-Gorgan2  19/39  
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Brix (%)  

6/97 7/73-6/5  Kordestan-Rafsanjan  3/87  

7G��4 

Glucose (µg g-1)  
1077/44 1339/99-851/29  Gorgan2-Esfarayen  13/16  

@�AG��� 

Fructose (µg g-1)   
45/97 85/18-18/31  Khanbebin1-Varamin  15/54  
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Total sugar (µg g-1)   
1390 1820-643  Rasht-Khanbebin2  13/34  
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Acidity (mg 100cc-1)   
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Lycopene (mg g-1)  
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Carotenoid (mg g-1)  

0/18 0/25-0/09  Rafsanjan-Gorgan1  8/08  
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Anthocyanin (mmol g-1)  
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Fig. 2. Comparison of means of brix percent, total sugar, glucose, titratable acidity and content of vitamin C, 

lycopene, anthocyanin and carotenoid in different tomato landraces. Columns with similar letters are not 

significantly different at 5% level of probability according to Duncan multiple range test. 
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O��� 3-  U���e 	;AD��� �1�2 ��2�8. 08� 	4-���@��
� ���.�e�R B��-. �1 ��� ��84  
Table 3. Pearson correlation coefficients between the measured traits in the present study  
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Fig. 3. Analysis between different tomato landraces based on morpho-physiological traits (A: Varamin, B: 

Rafsanjan, C: Rasht, D: Esfarayen, E: Gorgan1, F: Kermanshah, G: Gorgan2, H: Kordestan, I: 

Khanbebin1, J: Khanbebin2). 
 QM�3-  ���4���
1 ��7�$���E ��98=�� 08����4 t�A:� ��� }�2��� 	;
��	4-����� 	M�6�+��78������ )A 308���� :

B 3����D�� :C 39�� :D 30���!2� :E��4�4 :1 3F 3��/
���G :G��4�4 : 2 3H 3��A21�G :I08��
�E : 1 3J08��
�E : 

2(.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
4.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                            11 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.4.8
http://journal-irshs.ir/article-1-393-fa.html


	���2�2 ����M�� �  

72 

 O���4- ��8A
��� r���� �� �A21���� ��41�-
��� t�A:� }�2��� ��7�$ ���E�� )A :308���� B :3����D�� C :39�� 

D :30���!2� E :��4�4 13 F :3��/
���G G :��4�4 23 H :3��A21�G I :08��
�E 13 J :08��
�E 2.( 

Table 4. The Results for classification of different genotypes by cluster analysis (A: Varamin, B: Rafsanjan, C: 

Rasht, D: Esfarayen, E: Gorgan1, F: Kermanshah, G: Gorgan2, H: Kordestan, I: Khanbebin1, J: Khanbebin2). 

���E �����  

Number of clusters 

U8G�$ ���E��   

Clusters joined 

	
����� 

Frequency  

 ��"��08� ��41�-
�� ���1 ���E  

Norm RMS distance 

9 E F 2 0.0841 

8 C CL9 3 0.1213 

7 G J 2 0.1269 

6 D I 2 0.1441 

5 CL8 CL6 5 0.281 

4 B CL5 6 0.4685 

3 CL4 H 7 0.4912 

2 A CL7 3 0.5099 

1 CL2 CL3 10 1.4039 

  

���;/��-.  	/��-. �160 ��41�-
 ���4 �� �� 	;
��10 Y8D,$ ���4 � �
1��
 ������41�-
 }�2� �� �� ��	4-�� 	���

 � ���M��. 9��:e 3��8� 1��=$ 3��8� �@� ��
��) �
1��
 	��=� t�A:� f���� ���� 	��C
 1�M���18���E ��7�$ .( �1 ��

) ����M�� � �������� B��-.1 3(83  �4�3S ���4 �1 �� 	;
��5  	���$ ���� � 1�1 ���? ���4	4-����  ��78� 7� ���1����� 

	�=� ��8D� o��!$ 3O�� � �������4 08� ���1 .9��1 1��� ��  

�)�$����	  

 W���� �1��8A
���  0��B��-.  }�2��� �G 1�1 ��/
	4-�����  �@� 0A��1 �N2�� �� 08���� 98=�� 35�6�+�����

 ��DM� w���� �1 �� 1�M��� 0��$J�� 3�A/8� ��8� Y����	�1��H .Y�08�a3 �� 98=�� 0�� �@��
� 0A��1 �N2����7��$ 

	��@�$ ���� �
��$ ���? �1�!A2� 1��� ���E ��4�4 98=�� .1�842	� 3 ����C;
 � �@�2��D�G ���� ���H�� ����R�� �1 �
��$

 ���,� �1�� ���1 �� 3��A21�G 98=�� .1�� 1�C�/8. 	P�? �1�1�����  3J�� �A��82� � O�� � ����_�E ��8� ����1Y=P ��$

98=�� ���2 �� 9�D
	� �� � ����	�x� F���" ���� �
��$ .���� U2��� �@�29��C
 �1 	� 98=�� @� 3f�� �� �AD� ���$

 @� ���G �� @� �A/8� ���,� ����1	4-���� �����G ���
� 9C� �1 3���1�-
  �� 	A�2	+�M+�� 0������� .1�� ��C�3 ��C� �� @� ��84

_�� U2��� ������1�-
 98=�� x�:A
� ��M�� 98!8G � 1�M��� �� �8!� ���9��1 ����E 1��� U2��� }�2� 08�� �� .

	� 1�C�/8. �1 1��B��-.���  3��=��;�1 	4-�����  � 1�M��� � 98!8G �� r����Y�08�a  08� w����	4-����� 

9:��	4-�� �� ��84 �6�+��78� � 	2���98=�� 0�� �1 1�M��� � ��8� ��� �8+�$ 9C� �1 ���A� �$ 1�� 	2��� �� ����X�

 �4��1 o�1��� B��G ��4��1 ����X� .9��1�� �cd� 	��4 	���E 

5��6�  References 

1 ..� 3��������.z 3  3�
��? ��2� .� �Q4�1��H. 1397 31�M��� w���� 	���@�� .	4-�����  �� ��8� 98!8G � 1�M��� �� w�$��

���E ��7�$ � 	;AD��� U���e @� �1�!A2��4� 	E�� �1 �����4 �������� 	
��
�� ���� .	;
�� 3811 -801) :3 (49.  

2 .f 3o�8�3.  � .� .�7���.1395	4-�� �88I$ .���4 	��8�8��M�78� �����R�� �1 	;
�� � ���� ���� .	4�82� t�A:� ���

������ 	
��
�� ��� 3168 -155) :2 (17.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
4.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                            12 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.4.8
http://journal-irshs.ir/article-1-393-fa.html


@�����	 	4-����� ������87�6�+��5 �8�� E��	 =��89��... � 

73 

3 . .� 392�8.1388 ���� �/
 3Y��. ��a .���M�7�2 . 3�@���/G577 .] 

4 .y 3	:��/�.3 �  .] .	/$H1391O�� � �8cK$ . o�8"�ZE ��� �� @��G�2 � �� 	��.9D�@	��8�8�  Y?� 	;
�� o�$ ��84

B��-. ���� .�2�����G	��84 �8+�$ ��� 3171 -157) :4 (19.  

5 .y 3	:��/�.3 �  .H	+���. 1397 	=8�P F���� � �@���/G ���� ��;/
�1 o���/A
� .�7�2 9/G � �6�+��78� 3	2��/��84 .

 .��4�4557 .]  

6 ..y 3	:��/�3  .@�:8G3.  .W .}	�8`�
 ��R��. 3 .x 3��M��G�  .v .}�1�@ ��2�� .1395���4 ��8� � �/
 98!8G . 	;
��

)Solanum lycopersicum �� i2�. �1 H �.�2 Y?� (�7�2 ���� �����Z� �1 .5���� �82� � @��G�2 ��XI$�� 373 -61) :4(2.  

7. FAO. 2017. FAO. Fao state-agriculture statistic database. Retrieved from 

http://www.fao.org/faostat/en/#data/QC 

8. Ghorbani, D. A., K. Mashayekhi. and B. Kamkar. 2015. Effect of foliar application sucrose, boron, potassium 

nitrate and salicylic acid on yield and yield components of tomato var. Super A. Res. Crop Ecos. 2(1): 43-52. 

9. Henareh, M., A. Dursun. and B.A. Mandoulakani. 2015. Genetic diversity in tomato landraces collected from 

Turkey and Iran revealed by morphological characters. Acta Sci. Polonorum-Hort. Cult. 14(2): 87-96. 

10. Hopkins, W.G. 1999. Intruduction to Plant Physiology. Vol. 1 and 2, John Wiley and Sons, New York. 

11. Isack, M. E. and L. Monica. 2013. Effect of post-harvest handling practices on physico-chemical 

composition of tomato. J. Agr. Technol. 9(6): 1655-1664. 

12. Kaur, D., R. Sharma, A. A. Wani, B.S. Gill. and D.S. Sogi. 2006. Physicochemical changes in seven tomatos 

(Lycopersicon esculentum) cultivars during ripening. Int. J. Food Protect. 9:747-757. 

13. Moreno, M. M., J. Villena., S. González-Mora. and C. Moreno. 2019. Response of healthy local tomato 

(Solanum lycopersicum L.) populations to grafting in organic farming. Sci Rep. 9(1): 1-10. 

14. Regassa, M. D., A. Mohammed. and K. Bantte. 2012. Evaluation of tomato (Lycopersicon esculentum Mill.) 

genotypes for yield and yield components. Afr. J. Plant Sci. Biotechnol. 6(1): 45-49. 

15. Roberts, R., S. Mainiero., A. F. Powell., A. E. Liu., K. Shi., S. R. Hind. and G. B. Martin. 2019. Natural 

variation for unusual host responses and flagellin‐mediated immunity against Pseudomonas syringae in 

genetically diverse tomato accessions. New Phytol. 223(1): 447-461. 

16. Rodriguez, G.R., M. Pratta. and R. Zorzoli. 2006. Evaluation of plant and fruit traits in recombinant inbred 

lines of tomato obtained from a cross between Lycopersicon esculentum and L. pimpinellifolium. Cienc. 

Investig. Agrar. 33(2): 111-118. 

17. Sadasivam, S. and A. Manickam. 1992. In:   Biochemical   Methods   for Agricultural Sciences, Wiley 

Eastern Ltd., New Delhi. Pp: 184-185. 

18. Sharma, H. R., D. Sharma. and A. K. Thakur. 2006. Analysis of genetic divergence in tomato (Lycopersicon 

esculentum Mill.). Int. J. Hortic. Sci. 1(1): 52-54. 

19. Sweeney, J.P., V. J. Chapman. and P. A. Hepner. 1970. Sugar, acids and flavor in fresh fruit. J. Am. Diet. 

Assoc. 57: 432-435. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
4.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                            13 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.4.8
http://journal-irshs.ir/article-1-393-fa.html


	���2�2 ����M�� �  

74 

20. Tabasi, A., H. Nemati. and M. Akbari. 2013. The Effects of Planting Distances and Different Stages of 

Maturity on the Quality of Three Cultivars of Tomatoes (Lycopersicon esculentum Mill). Not. Sci. Biol. 5(3): 

71-75 

21. Tanksley, S.D. and S.R. Mccouch. 1997. Seed banks and molecular maps; Unlocking genetic potential from 

the wild. Science. 277:1063-1066. 

22. Terada, M., Y. Watanabe., M. Kunitomo. and E. Hayashi. 1978.  Differential rapid analysis of ascorbic-acid 

and ascorbic-acid 2-sulfate by dinitrophenylhydrazine method. Anal. Biochem. 84: 604–608. 

23. Namkoong, G. 1979. Introduction to quantitative genetics in forestry (No. 1588). Forest Service. United 

States. Department of Agriculture. p. 342. 

24. Wang, F., Sh. Kang., T. Du., F. Li. and R. Qui.  2011. Determination of comprehensive quality index for 

tomato and its response to different irrigation treatments. Agric. Water Manag. 98: 1228-1238. 

25. Wellburn, A.R. 1994.  The spectral determination of chlorophylls a and b, as well as total carotenoids, using 

various solvents with spectrophotometers of different resolution. J. Plant Physiol. 144: 307–313. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
4.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                            14 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.4.8
http://journal-irshs.ir/article-1-393-fa.html


@�����	 	4-����� ������87�6�+��5 �8�� E��	 =��89��... � 

75 

 

Iranian Journal of Horticultural Science and Technology 21 (1): 61 - 74 (2020) 
Research article 

 
 

Evaluation of Morpho-physiological Fruit Traits of  Some Tomato 

Populations in Iran Using Correlation Coefficients and Cluster 

Analysis  

 

N. Sousaraei, K. Mashayekhi*, S.J. Mousavizadeh and A. Dadrasi11 

 

 In the present research, different morphological and physiological traits of fruit were 

measured in order to evaluate the variation and morpho-physiological traits in 10 Iranian 

tomato landraces. The landraces were collected from Varamin, Rafsanjan, Rasht, Esfarayen, 

Gorgan (2 landraces), Khanbebin (2 landraces), Kermanshah and Kordestan. Based on the 

results, the wide range of variation confirms the existence of high diversity among tomato 

landraces. A significantly positive correlation was recorded between length and diameter of 

fruit as well as between lycopene content and fruit weight and anthocyanin. Fruit anthocyanin 

and lycopene were positively and significantly correlated with glucose, fructose and total 

glucose at 1% probability level. This indicates that increasing in sugars synthesis increases the 

biosynthesis of anthocyanin. The results of cluster analysis for categorizing similar landraces 

showed the highest similarity between Gorgan1 and Kermanshah (cluster 9) as well as cluster 

9 and Rasht landrace. The results also indicated the lowest similarity between Varamin and 

Gorgan 2 and Khanbebin 2 landraces. Overall, the results of this experiment show a high 

diversity among landraces that can be used in tomato breeding programs.  

Keywords: Plant pigments, Fruit sugar, Titratable acidity, Vitamin C, Biochemical diversity. 
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