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1- The World Vegetable Center, previously known as the Asian Vegetable Research and Development Center 
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Table 1. Details of tomato lines for testing. 
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��. 

Table 2. Mean comparison of genotypes for biochemical traits of tomato fruit. 

��:>�+
 

Genotype 

�>��"�#  ����

O���� 

Total soluble 

solids (%) 

 T?��

	:�56�  
Maturity 

index  

 J5��U

	3
H	
��5V@� 

Antioxidant 
capacity 

(%Inhibition of 

DPPH) 

G@ O��� 

Total Phenol 

(mg Gallic acid 

/100gFW) 

G@ �5W�
�E� 

Total flavonoid 

(mg Catechin 

/100gFW) 

F5���96��56� 

Ascorbic acid 

(mg As A 

/100gFW) 

G@ �3��56� 

Total 

acidity (%) 

A×A 4.75 cd 0.72 gh 63.32 a-d 169.86 a 34.20 ab 20.02 a-e 6.58 b-h 

A×B 5.74 a-d 0.75 f-h 58.28 b-d 101.45 b-e 39.43 a 19.75 a-e 7.70 a-d 

A×C 6.90 ab 0.86 c-h 45.48 cd 96.27 c-e 34.99 ab 14.81 g-i 8.06 ab 

A×D 5.42 a-d 0.76 f-h 66.28 a-c 107.46 b-d 31.77 a-c 20.28 a-e 7.15 a-f 

A×E 5.13 f-h 0.90 b-h 60.00 b-d 145.64 ab 33.62 ab 22.74 ab 5.73 e-j 

B×A 5.73 a-d 0.78 f-h 50.28 cd 105.13 b-e 38.05 ab 21.87 a-c 7.36 a-e 

B×B 6.06 a-d 0.88 c-h 56.40 cd 95.97 c-f 29.93 a-d 17.28 d-h 6.98 a-g 
B×C 5.50 a-d 0.66 h 59.24 b-d 80.52 c-i 22.08 b-d 13.89 hi 8.34 a 

B×D 5.65 a-d 1.14 a-f 82.84 a 88.39 c-h 32.00 a-c 23.43 a 4.99 h-j 

B×E 5.62 a-d 0.79 e-h 64.52 a-c 90.22 c-h 24.38 a-d 14.95 g-i 7.18 a-f 

C×A 6.79 ab 0.86 c-h 46.08 cd 94.23 c-f 33.55 ab 15.77 e-i 7.89 a-c 

C×B 5.70 a-d 0.69 c-h 62.04 a-d 79.27 c-i 21.49 b-d 14.36 g-i 8.22 ab 

C×C 6.39 a-d 0.97 b-h 54.84 cd 83.20 c-i 24.62 a-d 16.05 e-i 6.56 b-h 
C×D 6.42 a-d 1.33 a-d 58.68 b-d 83.80 c-i 29.54 a-d 14.85 g-i 4.89 ij 

C×E  7.23 a 1.35 a-c 54.44 cd 72.16 d-i 23.50 a-d 17.20 d-h 5.38 g-j 

D×A 5.19 b-d 0.74 gh 64.68 a-c 108.35 31.96 a-c 21.46 a-d 7.06 a-f 

D×B 6.09 a-d 1.29 a-d 56.80 b-d 90.45 c-g 32.32 a-c 15.09 f-i 4.71 ij 

D×C 7.30 a 1.60 a 61.44 a-d 83.36 c-i 29.50 a-d 23.02 a 4.55 j 

D×D 6.58 a-c 1.45 ab 79.04 ab 60.42 i 21.08 b-d 19.55 a-f 4.55 j 

D×E 6.21 a-d 1.02 c-g 56.52 cd 61.20 hi 22.61 a-d 22.58 ab 6.13 d-j 

E×A 4.51 d 0.76 f-h 62.36 a-d 150.71 ab 34.40 ab 18.45 b-g 5.95 e-j 

E×B 5.43 a-d 0.76 f-h 60.72 a-d 87.68 c-h 24.19 a-d 18.35 b-h 7.20 a-f 

E×C 6.79 ab 1.23 a-e 53.32 cd 71.62 e-i 22.85 a-d 17.81 c-h 5.58 f-j 

E×D 5.99 a-d 0.98 b-h 41.68 d 64.11 f-i 13.95 d 16.08 e-i 6.26 c-i 
E×E 5.89 a-d 0.87 d-h 54.32 cd 63.32 g-i 15.57 cd 12.53 i 6.97 a-g 

Means in each column followed by same letter are not significantly different at 5% probability level using Duncan's Multiple 

Range Test. 
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6��3��5 G@  N5� ��5�49/32-  �%97/56 	DE% � >�� �5�3� "�#C×A  �B×D  	 �� � J��� 1�2��3# �!�> N��3/5� p5%�% ��

> ��5� G@ �3��56� "��� ��	DE% N5� ��
>�� ���> �=�> "�#. 

 

 O���3-  "��� (%) �%�� �-�� �� J�V
 1�2��3# >��H��	:+��"�# >���  �> �M-�R��:��>���: "�#"�> Z���2H �> 	=
�� G-H

 G��@5×5.  
Table 3. Estimation of heterobeltiosis (%) for studied traits of tomato hybrids in a 5×5 complete diallel experiment. 

��:>�+
  

Genotype 

�>��"�# 

O���� ���� 

Total 

soluble 

solids 

 T?��

	:�56�  

Maturity 

index  

 J5��U

	3
H	
��5V@� 

Antioxidant 

capacity 

G@ O��� 

Total 

phenol 

G@ �5W�
�E� 

Total 

flavonoid 

F5���96�6��5 

Ascorbic 

acid 

G@ �3��56� 

Total 

acidity 

A×B -5.17 c-e -14.82 de -7.96 f -40.27 ij 15.30 bc -1.33 b-e 10.42 d 

A×C 7.98 ab -11.43 d-f -28.17 i -43.32 j 2.31 d-f -26.00 f 22.38 b 

A×D -17.54 f-h -47.23 i -16.14 g 77.86 a 50.72 a 3.73 a-d 56.97 a 

A×E -12.85 d-g 3.35 c -5.24 ef -14.25 gh -1.70 ef 13.59 ab -17.78 gh 

B×A -5.34 d-f -11.42 d -20.59 gh -38.11 i 11.27 b-d 9.24 a-c 5.54 e 

B×C -13.93 e-h -32.09 h 8.02 a-c -16.10 gh -26.22 gh -19.63 ef 19.59 bc 

B×D -14.04 e-h -21.54 e-g 4.81 cd -7.90 de 6.89 c-e 19.86 a -28.43 kl 

B×E -7.15 d-f -9.95 d 14.40 a -6.00 d -18.54 g -13.48 d-f 2.87 e 

C×A 6.26 ab -11.41 de -27.23 hi -44.52 g -1.89 ef -21.22 f 19.90 bc 

C×B -10.80 e-g -28.64 f-h 13.13 ab -17.40 h -28.21 gh -16.93 ef 17.82 c 

C×D -2.33 b-d -8.14 d -25.76hi 0.73 c 19.98 b -24.06 f -25.55 jk 

C×E 13.20 a 38.25 a -0.73 de -13.27 f-h -4.54 f 7.19 a-c  -22.80 ij 

D×A -21.08 gh -48.99 i -18.17 g -36.21 i -6.53 f 7.23 a-c 7.24 de 

D×B -7.45 d-f -10.83 d -28.14 i -5.75 d 7.96 c-e -22.83 f -32.49 l 

D×C 11.00 a 10.64 c -22.27g-i 0.19 c 19.81 b 17.73 a -30.62 l 

D×E -5.52 de -29.81 gh -28.49 i 1.30 c 7.29 c-e 15.50 ab -12.1 f 

E×A -23.37 h -12.44 d -1.52 d-f -11.27 e-g 0.59 d-f -7.83 c-f  -14.67 fg 

E×B -10.29 d-g -12.84 de 7.66 bc -8.64 d-f -19.18 g 6.17 a-c 3.25 e 

E×C 6.26 a-c 26.33 b -2.77 ef -13.91 gh -7.19 f 10.97 a-c  -19.93 hi 

E×D -8.97 d-f -32.66 h -47.27 j 6.11 b -33.81 h -17.73 ef -10.18 f 
Means in each column followed by same letter are not significantly different at 5% probability level using Duncan's Multiple 

Range Test. 
N5=
�5� �0
2� ��36 �# �> ���/� L�P �� "�#H O��3P� QR6 �> "���5 �!�> ����> ��c ���2HN9
�> "� 	�M� C�� %.�
���
 "��> 

  

  � �>� �M-�R� N��53
�# >�> ��/
  �K@2��K3#�K �� � JK��� 1	 ��� �K%�� �K-�� X�6� ��"  ���%	:+��"�#  ��K� �M-�R�

 .J��> >�K����53
"�# _��/K�	 7K6�% Bhatt ) ����9�# �7 � (Kumar ) ����9�# �22 (���	 ��� �K�K �� � J	  �>�K�

2��3#� �> 1	:+��"�# `�� .J6� ��K� [��4K:  

  � "��	:+��"�#  B	:�56� T?��O���  G@ �5��
�E� ���56�:� 7K? Wr ��" VrB  ����Wr  bRD J��� J�VD �> ��

) >�@ G9�1(. BN�������  N��	:+���# ��2 �8 TD�KKK
 JKKK5�-�
 �KKKY� �5YzKKK%�KKK
>�� �KKK# .�M�	��> 
C�M��� N5=
�5� �>�� 

Wr+Vr "��� 45
  N��	:+���#  J5�-�
 ��KYH >�K�� 	K�M� �K� TD�
 N�� O�3�@ �>	:+���# >��  O��K�)4.( �M�	��>  �>��

C�M��� N5=
�5� Wr+Vr "��� 45
 	:+��"�# �>��"�# O���� ���� B3
H J5��U	 B	
��5V@�F5���96��56�  �G@ �3��56� 

 O��K�)4 N�� O�3�@ �> J5�-�
 ��KYH >�K�� 	K�M� �K� (	:+���#  "��K� .>��	:+��"�# �>��"�#  J5��U BO���� ����

3
H	 B	
��5V@�F5���96��56�  �6��3��5 BG@ ��56�:� 7K? Wr ��" Vr B ��K��Wr >�KK@ bKKRD 	KK �� J�KKVD �> ��  �

�M�	��>  >�K�� �K@ >�K� "�#�Y� NKKK�� O�KKK3�@ �> �� JKKK5�-�
 y�KK�	:+���# � ��KKK/
	) >�> G9�1(.  ���=/#�+, 	?��

 ���� 2�Kalloo ) ����9�# �21 B(Dhaliwal )13 � (Kumar ) ����9�# �23 �
>�@ [��4: ( "�#�Y� �> 	/��4�� �5
 � 	/��4��

 O�3�@�>��"�# �
��> Z.
 ��5� �3��56� � O���� ����B  ��� "�#�Y�.�
��> "�3/5� ^_6 	/��4�� �5
 ^#N5�c Bhutani )8 B(

Das ���9�# � �)12( BBiswas  ����9�# �)9( BAkhtar � Hazra )6�
>�@ [��4: ( �@ "�#�Y�  O�3�@ �> 	/��4�� �5
 � 	/��4��

F5���96��56� �
��> Z.
 ��5�B  Z.
 ��� "�#�Y� .J6� �3/5� 	/��4�� �5
BN�������  >��2 ^_6 �� ���% �� "�#�Y�
�5 �4�� 	/�

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
98

.2
0.

4.
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

6-
10

 ]
 

                             7 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.4.2.5
https://journal-irshs.ir/article-1-271-en.html


����9�# � 	��#� 

418 

�8�# N�� "��� a�<3
� G5V
�3, B	:+���#  � >�� �#��<
 `���	 [�� 2� ���%�:��>"�5:  >�K�_� "��K� 1�2��K3# ����, � N��

	:+���# ��_�KK� ���.�  

  

 O���4- ��53
"�#  	%���.� ���2HHayman ���2H Bt )1:B=0H ��56�:� p��i "��� (Wr  "��Vr  "2�3V5,� �Y� ���2H �

)Wr-Vr�8 J5�-�
 �Y� � () �#Wr+Vr �> (	:+��"�# >��� �M-�R� ���: �>	=
��.  
Table 4. Results of preliminary test of Hayman, t test (H0: B=1) for regression coefficients of Wr to Vr and test of 

epistasis effects (Wr-Vr) and effect of genes dominance (Wr+Vr) in studied traits of tomato. 

	:+�� �M-�R�>��� 

Studied traits  

) ��56�:� p��ib( 

Regression 

coefficients (b)  

t  ��� ���2H "��� "�#�Y� "2�3V5,�  

H�: B
� = 1 

t for the hypothesis test of 

epistatic effects 

H�: B
� = 1 

C�M��� N5=
�5� Wr-

Vr 

Mean Square of 

Wr-Vr 

C�M��� N5=
�5� 

Wr+Vr 

Mean Square of 

Wr+Vr  

�>��"�# O���� ���� 

Total soluble solids 
0.94 0.27ns 0.05 ns 1.48** 

	:�56� T?�� 

Maturity index  
0.57 3.05ns 0.005ns 0.04ns 

	3
H J5��U	
��5V@� 

Antioxidant capacity 
0.87 0.27ns 7211.54ns 40824.10* 

O��� G@ 

Total phenol 
0.99 0.01ns 0.0006ns 0.03ns 

G@ �5W�
�E� 

Total flavonoid 
0.76 2.10ns 257.45ns 3603.19ns 

F5���96��56� 

Ascorbic acid 
0.65 1.14ns 86.45ns 363.94** 

G@ �3��56� 

Total acidity  
0.58 2.31ns 0.51ns 3.45* 

ns, * and ** indicate non-significant, significance at 5% and 1% levels respectively. 
 *� ** �� p5%�%  B"��> 	�M� ���	�M���> �> QR6 O��3P� 5 � 1 �!�>. 

 

  ��,@�K-�� Z��K6�:� 7K? >��K3�� �> N5 >�> ��K/
 ��@ �K�:� D ��K�" 	:+�� �>��"�# O���� ����  �O��� G@  ��:� 

A ��K�"  T?��	:�56� G@ �5W�
�E� �B �:� C ��K�"  J5��U3
H		
��5V@� BO��� G@  �F5���96��56�  ��:� E ��K�" 

G@ �3��56� >4
F�N��% �� ��!�� \K� 7? >��?�� G�� ��@ �K� �� ��K��Wr ��3��> ������ ��� N5�3/� >��M% N�8�#"  pK-�


 BGK��.� �> .��3K��> ���:� A ��K�" 	:+�� �>��"�# O���� ����  ��:� B ��K�"  T?��	:�56�B �:� D ��K�" F5���96��56� 

 � J5��U3
H	 B	
��5V@��:� E ��K�" 	:+��"�# O���  � G@ �5W�
�E� � G@�:� C ��K�" �3��56� G@ �5�3/� �� �� ��!�� N

 G����� >��  � ��3��> N����������>" N��3/5�  >��KKM%�8�#"  a�KK�����3V# )G9K��K#" 3(.  

  ��4�" 3
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 .JK6� 1H4/2H ���" ��# 	:+���# ��4� 

O���  G@ >�> ��K/
@K
����� �K	 GK-H�K#"  �> a�KK��� � pK-�
��KK9��KK#" KK
8	 ;KK�3<� ��KKV�" 
5��� ��� BJV" 	:+�� 

O��� G@ ��K
����� N	 ��p��.% 9�� .>�� ��V5=
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3
H	 B	
��5V@�O���  � G@F5���96��56� �5� �3/ >�@��� �" V�5��" �2 	:+��"�#  �� y����53
"�#  J�V
1H4/2H  ���/�

�>�. ^#N5�c ���" 	:+��"�# �>��"�#  T?�� BO���� ����	:�56� � G@ �5W�
�E� B6��3��5  G@ >�> ��/
@
����� �K	 

�8�#"  �� J�V
 a�����8�#" �-�� �> p-�
�� N5 O���) J6� �3/5(.  

 
 

Fig. 1. Vr-Wr graph for TSS (Ⅰ), Maturity index (Ⅱ), Antioxidant capacity (Ⅲ), Total phenol (Ⅳ), Total 

flavonoid (Ⅴ), Ascorbic acid (Ⅵ) and Total acidity (Ⅶ) of tomato. Letters in figures are related to A, B, 

C, D and E parents. 
 G9�1-  ��>��
Vr-Wr  "����>��"�# ) O���� ����Ⅰ) 	:�56� T?�� B(Ⅱ	3
H J5��U B() 	
��5V@�Ⅲ B(O��� ) G@Ⅳ G@ �5W�
�E� B(

)Ⅴ B(F5���96��56� )Ⅵ) ��5� G@ �3��56� � (Ⅶ���: �> ( .	=
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   >��H��JY���\,"�� !�]?	 	:+��"�# >��� �0
  O��KK�)5 >�> ��KK/
 (@ �KKJY���\,"�� !�]?	 ��J�V
 `��" 

	:+�� O��� G@ ��52 ^_6 N�YH >��4�� ���/	 �8�#  �>@� O�3�� N	:+�� ������ B>��� NKV
�3,5��K� a�K<3
� G" �� NK	:+��  �>

M��5 JK>��� �M-�R�  � �>�K� `�K��	���%  a�<3
� ����:>�+
"�#  �K%��2� �0
 �� NK	:+���#  ���� ">�+
M��5 � JK?�>�, JK

�5=
�K5 NM��5KKK/<� >�KKK�_� �� JKKK5� .-�P�>	�@ JY���\,"�� �,5�N 	:+���# ��/
���#>  ��YH Z.

�5 �4��	/�  �>@ O�3�

	:+��"�# �>��"�#  J5��U BO���� ����3
H	 B	
��5V@�F5���96��56� BW�
�E��#�5  �6��3��5 G@  B>��N������� �� >���  `��

V
�3, �>��
5��� a�<3
� G" �� N	:+���# �	���K%  2�[���#" �:��>"�5:  �>� 36�@�, 2� � >��2��K3# �����K� 1"  >�K�_�

	:+���# ��_���� �KK�.  J6� ��� [��4: �> �# �@ "�#�Y�	/��4��  	/��4�� �5
 ��8�# O�3�@ �> 	:+�� �>��"�#  ����

 O�����Yd� �	����� )11  �25(. ^#N5�cB Singh  ����9�# �)25( � Thakur  �Kohli )27(  �@ �
>�@ ������>��"�#  ����

 O������2  O�3�@ "�#�Y�y��  J5�-�
�8�#  � >��> ���DJY���\,"�� �� �H "��� �� 	�5��, �
>��
 ��6�@ ���53
"�#  Z#�+,

 �� �i�P��53
"�# , ���=/#�+,5/5N J6� �V�#.  

  

 O���5-  "��� 	953
8 "�#�3����, � 1
����� "�4��	:+��"�# >��� ���: �> �M-�R� [�� �� 	=
��Hayman.  
Table 5. Components of variance and genetic parameters for studied traits in tomato by Hayman method.  

�4��  
Components 

	:+���# 

 Traits 

�>��"�#  ����

O���� 

Total soluble 

solids  

 T?��

	:�56�  
Maturity 

index  

 J5��U

	3
H	
��5V@� 

Antioxidant 

capacity 

G@ O��� 

Total phenol 

 �5W�
�E�

G@ 

Total 

flavonoid 

F5���96��56� 

Ascorbic acid 

 �3��56�

G@ 

Total 

acidity 
D 0.39 ** 0.13 ** 91.69 ** 0.19 ** 43.59 ** 8.47 * 0.91 ** 

S.E.D 0.12 0.03 40.52 0.01 6.24 3.93 0.31 

F -0.09ns -0.01 ns 46.21 ns 0.06 ns -19.33 ns 10.25 ns -0.05 ns 

S.E.F 0.30 0.07 99.48 0.03 15.33 9.65 0.76 

H1 1.08 ** 0.29 ** 238.84 * 0.10 ** 47.11 ** 35.26 ** 3.79 ** 
S.E.H1 0.33 0.07 109.44 0.03 16.86 10.62 0.84 

H2 0.88 ** 0.26 ** 225.05 ** 0.09 ** 47.03 ** 28.93 ** 3.43 ** 

S.E.H2 0.30 0.07 99.26 0.03 15.29 9.62 0.76 

h2 -0.08ns -0.009 ns 17.31 ns 0.0009 ns 29.37 ** 3.58 ns 0.01 ns 

S.E.h2 0.20 0.05 67.02 0.02 10.32 6.50 0.51 

H1-H2 0.20 0.03 13.80 0.01 0.08 6.33 0.36 
(H1/D)1/2 1.68 1.51 1.61 0.74 1.04 2.04 2.04 

H2/4H1 0.20 0.22 0.24 0.22 0.25 0.21 0.23 

((4DH1)1/2+F)/((4DH1)1/2-F) 0.87 0.94 1.37 1.55 0.65 1.84 0.98 

R -0.32 , 0.96 0.42 -0.47 -0.79 -0.07 -0.03 

r2 10.52 92.46 17.60 22.46 63.91 0.43 0.08 

h2/H2 -0.08 -0.03 0.08 0.01 0.62 0.12 0.004 

h2
b 0.74 0.86 0.79 0.91 0.71 0.92 0.91 

h2
n 0.19 0.26 0.26 0.74 0.29 0.22 0.17 

D: Additive effects, F: The covariance of dominance and additive effects, H1: Dominance effects due to dominant genes, H2: 

Dominance effects due to positive and negative genes, h2: Dominance effects due to heterozygous loci, 

((4DH1)1/2+F)/((4DH1)1/2-F): The ratio of the total number of dominant to recessive genes in all the parents, H2/4H1: Measures 

the proportion of genes with positive and negative effects in the parents, (H1/D) 1/2: Average of degree dominance, r2: 

Prediction for measurement of completely dominant and recessive parents, (h2 /H2): The number of gene groups with 

dominance effects, 2
bh : Broad-sense heritability� 2

nh : Narrow-sense heritability. 
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Evaluation of Heterosis and Genetic Relationships of Some Fruit Quality 

Characteristics on Five Different Tomato Lines  
 

J. Rahaii*, M. Hassanpour Asil, and H. Samizadeh Lahiji11 

 

 In order to investigate the heterosis and genetic relationships of different tomato lines for 

some qualitative characteristics, five diverse tomato lines were evaluated in a complete diallel 

cross design. Analysis of variance showed significant differences (P<0.01) among the 

genotypes for total soluble solids, total acidity, maturity index, antioxidant capacity, ascorbic 

acid, total flavonoids, and total phenols. The highest heterobeltiosis was observed for total 

phenol and total flavonoid. Results of Hayman's analysis showed that contributions of additive 

and non-additive effects were involved in the control of the studied traits. The genetic analysis 

by Hayman method showed that the attributes except the total phenol, were under the control 

of the dominance type of the gene action, and their low inheritance indicated the more 

involvement of non-additive type of gene action. Therefore, due to low heritability and lack of 

high selection potential, hybridization methods and heterosis phenomenon could be used in the 

first generation to improve these traits. In contrast, the high specific heritability of total phenol 

indicated that this trait is controlled by the additive gene effect. Therefore, due to the high 

selection potential for total phenol, it is possible to modify the population by selection the best 

genotypes for this trait. Overall, hybridization methods can be used to improve fruit quality 

traits in tomatoes. 

Keywords: Additive effects, Diallel, Gene dominance, Heritability. 
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