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ABSTRACT 

Selecting an appropriate breeding method depends on the type and relative proportion of genetic components. In this study, 
six generations P1, P2, F1, F2, BC1 and BC2 from a cross between two cucurbita varieties crossing of hull-less seed 
pumpkin and squash, S10×P25, were constructed and evaluated for main stem length. Yield and its components (number of 
fruit per hectare, number of seeds per fruit, fruit weight and 100- seed weight) were also evaluated. The experiment was 
carried out in a randomized complete blocks design with three replications in 2019. The results showed significant 
differences among generations for main stem length. Scaling and Chi-square (χ2) tests suggests the presence of digenic 
epistasis for this trait. According to the results, additive variance was more important for most of the traits, meaning that 
selection is a good way to improve these traits. High heterosis was observed in the F1 hybrid for all of the traits. High 
narrow-sense heritability estimates were shown for all of the traits. Therefore, according to the results of estimating the 
genetic effects of traits, especially traits related to growth habit and reaching a shorter stem length, the selection method can 
be used. 
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 ����Q� *'I2� �2N#; 7� "�� "�� �� .*
 C�_%� 1'<

) "�� ,�%F1@� r*� �� ( !#:@  N% ��2; !<T@� ��_

 ��QY�$ �Q� 7��2R � 7�2� ��*M; *
� ����� !}'�2%&

) �QY�$ H]� A�2R �*$ ?@E ��S10 �*$ � (

) !�
�23P25"�� !Z 7$ ( 6*�F%�� �� ,S0 ���

) *%�2� 6*
 �/�� pI�3 �/���F$ C29)Davoodi et 

al., 2015 H��'� �79. ; ?@� �� .*%*
 6��� !01� �(

7)�K; AF$ �� A
�$ 79-�J � !D@�� (�2- 7� ��

\@�� ?'�  �;\@�� ���  �; e@ � ��  N% �� ��

) *
 7�J <Latifi et al., 2012 �� A
�� ,.� ; � (

6 V0 ���'�L H��'� �� >� ~I�; /� 6��D��� � ��

H� � !F
2RAS0� ; ?'#c `��#; � C/E !)��/ ���

�� "�� �� .*
 C�_%� *
� ,.� ; C�	� !Z �� �C

) "�� ,�% ����Q�F1 /� ���*:� � AF$ 7)�K; �� (

7�2�) C�� ,�% ����Q� *'I2� AX> ,-�. ���(F2 

7�2� /�  a@� ���*:� .*%*
 ?F<�23 ,�% ���F1  K'%

) !�F< � !01� �7'I�� *I�� ��  � ��Back cross (

,�% �� *%*
) !�F< � !01� ���BC1  �BC2 7'X� (

62'; ,'�F� /� *:� .*%2
 � !01� /� ,-�. ���

62'; *'��62'; �,;�$ �29� 79. ; 7� �� A
�� � ��

 `��#; q@� 
 �� � AJ < (�2- � '<�Q� � 6*


 ?@*� .*
 ���*Xa% *:� 79. ; �� 6��D��� �� �

 7'I�� *I�� �� ,;�
) ,-�. ,�% B
 ����Q� �`'� �

7� �2#)P1  �P2 7�,�% 6� 	� ���F1 �F2�BC1  

�BC2  �� (C2� "�� n29� O Z `I�0 �� ,;�$ ���

 ��2; (�D- � AF$ 7)�K; �� �� �� 7� �� !J��s�

 /� ������ �� 62'; ��*:� �!9-� 70�� "2Z ,;�
  N%

) 7%�� *- /� � 62'; �� �Q� ��*:� �62';UPOV, 

20166/�*%� (7� .*
 � '<6/�*%� �2N#; �(�D- � '<

7%2	%
 P�]�%� ,�%  � /� !J��s� ���7� �*%* ��2Z

 ��*:� "�� ,�% � ?@*I�� /� C�*$  � /� 7$10  �� 7�2�

 � �� ��  �30 !01� /� C�*$  � /� � ^2	_; �� 7�2� -

 ,�% � !�F< � ���F2  ��*:�30  � �� ��  � �� 7�2�

90  .*
 7�J <  N% �� ^2	_; �� 7�2�  

K_� �2N#; 7�@6��� 7/�� � ��@�%& ��kL !��' !�

D- 6*##$ " �#$ �  �; G�� /� 7:I�V; ��2; (�

>') K�#Mather & Jinks, 19828SZ ( 7V��� )1( 

 :*
 6��D���  

)1(   Y= m + α [d] +β [h] + α
2
[i] + 2αβ[j] + β

2
[l]  

�7V��� ?@� ��y ;'a%�' ?@  �,�% em  ?'a%�';

,�% C�	� �� ��@ �!01� e[d] L �@ �!F@�KJ� ��kL *#

[h] L �@SI�Y ��kL *#' �A[i] �KJ� �/���'R� *#@L �@!F× 

�KJ�@ �!F[j]  !F@�KJ� �/���'R� *#@L �×  �A'SI�Y[l] 

SI�Y �/���'R� *#@L �' A× SI�Y' �Aα  �β �α
2 �2αβ 

�β
2 � o@  � `@�%& ��� �;���R /� e' �  �; "*; !�

>'*#��� K�#.   
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2;/L /�W; ���' d�(Scaling Test)  2;/L �� �

R� ��kL' d���  � �/���) q����2) !I� (5 !�� � � (

!#:; ��*W; 7S��M; �� ����t ) q���� d��� �6 !I� (

)9 �� L 7�@�W; � (t ) *
 6��D��� "�*>Mather & 

Jinks, 1982:(  

)2                                (    A = P�1+F�1−2BC�����1  

)3(  B =  P� 2+F�1−2BC����� 

)4(  C = P�1+P�2 +2F �1 − 4F�2 

)5 (  D = 2F�2 −BC����1 –BC����2 

)6 (  tA= 
�

�� ��� � ����� ��� 
 

)7 (  �

�� ��� � ����� ��� 
 tB=  

)8 (  tC=
�

�� ���� ���� � ������ �� 
 

)9 (  tD=
�

����� � � ����� ��� 
 

 ��kL ���L � �2N#; 7�& �� (�D- 6*##$ " �#$ �

% 7:I�V; ��2;') q���� /� K10) !I� (15 *
 6��D��� (

)Mather & Jinks, 1982 :(  

)10 (  m=0.5P1+ 0.5P2+ 4F2 − 2BC1− 2BC 

)11 (  d = 0.5P1−0.5P2 

)12 (  h = 6BC1+6BC2−8F2−F1−1.5P1−1.5P2 

)13 (  i = 2(BC����1+BC����2 ) – 4F 2 

)14 (  j = 2(BC����1– BC����2 ) – P�1+P�2 

j=2BC1– P1– 2BC2+P2 

)15 (  l = P�1 +P �2 + 2F 1 +4F�2 – 4BC����1– 4BC����2 

/�� �� �@ �X� !��@�%& "*; ?'  � 6*##$ " �#$ !�

@% 7:I�V; ��2; (�D- /� e'W; 2;/L /� K' n �F; d�

)Joint Scalling Test  () �2��� ��$ 2;/L d���  �chi-

squared( ; ?'� AW��V; �K'; � 6��D���'a%�' 6*��F; ?

,�% 6*
; � 7Z2� ; ���'a%�'L ��N�%� ��2; ? 7$) ��

!#:; � 6*
 ���L �  @��W; d���  � ��� �;���R ���

 !�'�%&7� E��!; A�� .*
 2;/L ���;L b�MI /� �(*@L  

��� ��K>�@�KJ� =%�@) !FVDSI�Y �(') AVH � (

M;') !VVE /� e@  � !}'�2#J ^2#� 6*##$ " �#$ (

) q���� d��� � K'% 7:I�V; ��2; (�D-16) !I� (18 (

) *%*
 7S��M;Kearsey & Pooni, 1996(:  

)16J� =%�@��� (!F@�K  
VD = 2 VF2 – (VBC1 +VBC2)   

 )17A'SI�Y =%�@��� (  
VH = VF2 – VD – VE 

) 7V���18!V'M; =%�@��� (  

VE =
�

�
 (VP1 + VP2 + VF1)  

:� �� �''SI�Y (�J� M%� ?'��; �� A !%& ���

; �(��D�;'a%�'SI�Y 7>�� ?') 7V��� d���  � A19 (

*@� < ���L � (Mather & Jinks, 1982):  

)19   (                                ½) (H/D)
1/2

= (
�[�]

[�]
  

Ak���  @QR /� 6��D��� �� !-2s3 � !;2	) �

 q����)20((Falconer & Mackay, 1996)   �)21( 

)Mather & Jinks, 1982*
 7S��M; (:  

)20                       (            
���

���� 
  h

2
b=   

 )21(                                  h
2

n=  �
���� 

  
  

6��� �2� "�; % 2;/L ��KJ� C % /� 6��D��� �� ��

SPSS K_� !;�	� �@7 6��D��� �� !�'�%& � ���;L ���

C % /���KJ�SAS  ) AJ < C�_%�Kang, 2003(.  ?'a%�';

,�% C�	� (�*��F; UV� �� !$2� G�� 7� K'% ��

 "�	�.�5 � %1*
 2;/L %.  

  

EF� � G-���  

6��� �� "�; % t@/2� �2>� !�� �6/�*%� ��� � '<

2;/L d���  � 6*
 �� !<*'F$ � !aI2c ���

C % /� 6��D���  ��KJ�SPSS 6��� 7$ ��� �F% ���

 "�; % t@/2� ����� 7:I�V; ��2; (�D- 7	� 7� z2� ;

6��� =%�@��� 7@K_� �@��% .*%�2�� 7$ ��� �F% �� (��D

!#:; "2Z (�D- �� � 6*
 7'X� ,�% B
 ?'� ����

 "�	�.� UV� �� �Q� ��*:� � 62'; /� �70��1 � %

 �� 7%�� *- /� � ����� �� 62'; ��*:� (�D- �� �

 "�	�.� UV�5 "�*>) A
�� �2>� %1!#:; �� .( ���

,�% ?'� (��D� *
 � !�'�%& 7@K_� C�_%� ���

L ���2� 62M% !�� �;� ���� .*
  @QR  

 "�*>) (�D- ��':; ��V3 � ?'a%�'; !��@/��2 (

!#:; (��D� 7$ ��� �F% � ?@*I�� ?'a%�'; ?'� ����

 =@/� �� 6*@*R (�D- 7	� �� � � A
�� �2>� +��%

 ,�% ?'a%�'; 7$ !#:; ?@� 7� �*
 6*��F; ���*%����

F1 7�) 7:I�V; ��2; (�D- 7	� �� � (70�� "2Z K>

'; /�  �F'� �� A�� U'o2� 7� C/E .�2� ?@*I�� ?'a%�

 !.1-� r*� 7�#@� 7� 7>2� �� �70�� "2Z AD- �� 7V���

 �� ?@� ��#� �A�� 70�� "2Z B��$ AD- ?@� �� �
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 � �	$ 70�� "2Z ����� *@*> ,�% +��% 7$ !��2-

 6*��F; .�2� *��23 P29V; �*#
�� �23 ?@*I�� 7� AS�%

6/�*%� �@��%F% AD- ?@� � '< �� 70�� "2Z 7$ ��� �

) "�� ,�%33/222 !�%�� ?@*I�� ?'a%�'; 7� AS�% ( �;

)98/260 !�%�� r*� 7� 7>2� �� 7$ AJ�@ B��$ ( �;

 7��F; !F��TR �� .�2� P29V;  N% ��2;Kuabara 

)1984?'� !01� /� 6��D��� �� (7%2< !5�29. �*$ �� ×

�� *
� �� !���2$�R (��) A�%�2� !�
�23 �*$  �*$ /�

H� .*#$ ,W�#; !5�29. �*$ 7� !@�	�; ?@� G/�� ?'#c

 !%�*#c B��$ "�� ,�% 7� AS�% C�� ,�% �� AD-

7�2� 7� !��'��� b�MI 7� t0�� �� A
�*% *
� ����� ���

 +��% � � � ?@� .*
 ,-�. !�29V; A':	> ��*M;

!; ?@*I�� ?'a%�'; 7� AS�% ��kL �2>� 6*#�� �F% *%�2�

� A'SI�Y �2J �@ +��% �� .*
�� (�D- " �#$ �� A'SI�Y

!01� /� ,-�. *I�� �� !�F< � !01� !#:@ !�F< � ���

) "��BC1=P1×F1=SP×P C�� *I�� � (

)BC2=P2×F1=SP×S 7� AS�% 7�2� "2Z �K'; K'% (

7%2< 7� ���� �F% B��$ 6*%�� *
� ����� *I�� 7$ ��

�;� ?@*I�� ?'a%�'; /�  �F'� 7�2� "2Z  ����� *I�� /�  �	$

.�2� 6*%�� *
�   

 ?'a%�'; ������ �� 62'; ��*:� AD- ��2; ��F1 

 � ?@*I�� ?'a%�'; /�  �F'� *I�� �� !01� /� ,-�.

 ?@� ��#� � �2�  �F'� G/�� ����� *I�� /�  �F'� !�.

 6*@*R AD- ?@� �� �Heterobeltiosis  =@/� ��)

( � � *I�� 7� AS�%  62'; ��*:� ?'a%�'; .*
 6*��F;

 "�� ,�% ?'a%�'; 7� AS�% K'% C�� ,�% �� ����� ��

 �?@*I�� ?'a%�'; /�  �F'� 7�9� �A
�*% !F��$ �X#� 7%

 !01� �� .�2� "�� ,�% G/�� � *I�� ��  � G/��

 ����� �� 62'; ��*:� ?'a%�'; "�� *I�� �� !�F< �

1� �� �;� ?@*I�� ?'a%�'; /�  �F'� *I�� �� !�F< � !0

 AD- �� 7V��� �� .�2� *I�� ��  � G/�� /�  �	$ C��

 ?@*I�� ?'a%�'; /�  �F'� "�� ,�% ?'a%�'; �62'; /�

 � �2�  �E�� ?'a%�'; ����� *I�� /�  �F'� !�. �

 7� AS�% =@/� �� 6*@*R H� AD- ?@� �� � ?@� ��#�

7�J�@ �� 7$ *
 ��_@�  � � *I���WWM;  @�� ��� 

 �A
�� AW��V; =@/� �� �WWM; G��K< d��� �

 !3 � �� 7V��� ��  � � *I�� � ?@*I�� ?'a%�'; 7� AS�%

 "2Z � 7�2� �� 62'; ��*:� *#%�; 7%������ ��*$ (�D-

) *
 6*��F; 70��Al-Ballat, 2008; Al-Araby, 

2010;  Najvot et al., 2018 .( ?'a%�';F2  7� AS�%

F1  7$ ��� �F% B��$!; /� ,-�. ��kL 7� �2�

B@23 �� �R 6*@*R �2>� � !#F<�23�K';L 

)Inbreeding depression(  +��% �� 7V��� �� .� $ 6��
�

!01� /� ,-�. �� AD- ?@� G/�� !�F< � ���

!I�. �� B@�KJ� "�� *I�� �� !�F< � !01� �� 7$

 ��2; �� .��� �F% B��$ C�� *I�� �� !�F< � !01�

*:� AD- /�  �F'� "�� ,�% ?'a%�'; K'% �Q� ��

  �E�� ?'a%�'; ����� *I�� /�  �F'� � ?@*I�� ?'a%�';

 .A
�� =@/2'�9�� �� 6*@*R �2>� /� �F% � �2�

 �F% B��$ "�� ,�% 7� AS�% H� C�� ,�% ?'a%�';

!; 7$ ����F% *%�2� � !#F<�23 /� ,-�. ��kL 6*#��

B@23 �� �R 6*@*R �2>�� �K';L +��% �� .*
�

!01� /� ,-�. 7� AS�% AD- G/�� !�F< � ���

 "�*>) ��� �F% B@�KJ� ?@*I�� ?'a%�';2 .(  

 ��2; �� d�'W; 2;/L /� ,-�. �@��% d��� �

~'� �Q� ��*:� � ����� �� 62'; ��*:� (�D- /� e@

!#:; d�'W; ��� �;���R2;/L ?@� t0�� �� �*F% ��� ��

 �� 7$ ��� �F% �2>� �/���'R� �2$Q; (�D- �� 7V���

 ��kL A��  �X� �7_'�% /� �#'	Z� �� � �;� ����*%

 "2Z (�D- ��2; �� .�2
 2;/L � 7S��M; �/���'R�

!#:; 7%��*- /� � 62'; /� �!9-� 70�� *F% ���

 �/���'R� �2>� "�	�.� /� �F% �� �;���R /� !3 �

� "2Z (�D- ��2; �� 7$ ��2Z 7� A
�� /� � 70�

  �;���R 62';B  "�	�.� UV� ��1!#:; % 7$ *
 ���

�F% E�	�.�6*#�� !F@�KJ� ^2% /� ,��W�;  k� �2>� �

H� .A�� A'SI�Y �� /� AD- �� 7V��� �� ?'#c

!#:; 7%��*-  �;���R *
���A  "�	�.� UV� ��5 %

!;�F% *%�2� !F@�KJ� ^2% /� ,��W�;  k� "�	�.� 6*#��

�Y �� "�*>) *
�� A'SI3.( 

 �� 7$ ��� �F% n �F; d�'W; 2;/L �@��%

 ��*W; 62'; /� � !9-� 70�� "2Z (�D- �� 7V���

!#:; � �;���R 7� "*; d��� �  52����$ � �2� ���

 7_'�% �� �A
�� �/���'R� ��kL �2>� A'	�� /� �F%

 �#R � 70�� "2Z �� � � �;���R ��Xc "*; !�� � ��

� � �;���R!#:; �/���'R� ��kL 62'; /� ��  /� .*
 ���

 7� "*; ����� �� 62'; ��*:� AD- �� 7V��� �� !J Z
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 �#R "*; !�� � �� 7_'�% �� � � �% A@�D$ � �;���R

 *-�� e@ "�	�.� UV� ��  52����$ ��*W; � �;���R

!#:; .A
�� �/���'R� ��kL �2>� /� �F% 7$ *
 ���

 AD- �� �� 7V��� �� �;� ��Q� 7%��*- /� � �Q� ��*:�

 ��� !#:;  'Y � �;���R 7� "*; �� �  52����$ ��*W;

 �2>� � � �;���R 7� "*; A@�D$ /� �F% 7$ �2�

 K'% d�'W; 2;/L �@��% �� 7$ A
�� !9-� (� k�

.A
�� AW��V;  

  

 "�*>1 .,�% =%�@��� 7@K_� �@��% r��]; ���(�D- !3 � �� � �QY�$ H]� A�2R �*$ � !�
�23 �*$ !01� /� ,-�. 

Table 1. Results of variance analysis effect of different generations resulting from the cross between zucchini and 

hull-less seeded pumpkin on some traits. 

Source of 
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Replication 2 2396.1146* 555293.253ns 9348.804ns 432.736ns 1.521ns 

Generation 5 30047.1615** 1159419.853* 291893.757** 5147.777* * 13.567* 

Error 10 528.6280 260663.266 27880.026 347.097 2.747 

C.V(%)  8.98 8.15 8.291 7.83 11.86 

ns `'� � 7� :** � * ��2S� !#:; (��D�!#:; (��D� � ��� "�	�.� UV� �� ���5  �1 .*-��  
ns, *, **: Non-significantly difference and significantly difference at 5 and 1% probability level, respectively. 

  

 "�*>2 .?'a%�'; 7�@�W; ,�%�QY�$ H]� A�2R �*$ � !�
�23 �*$ !01� /� ,-�. \9�]; ���.  
Table 2. Mean comparison of different generations resulting from the cross between zucchini and hull-less seeded 

pumpkin. 
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P1 415.833±1.702 5833.33±166.66 1819.80±2.91 216.614±0.443 10.36±0.066 

P2 106.133±1.313 6166.67±166.66 2057.17±3.426 176.276±0.473 15.266±0.145 

F1 222.333±6.872 6200±200 2629.84±61.832 293.330±1.922 13.666±0.666 

F2 242.677±33.097 7411.11±496.961 2058.93±160.448 234.451±18.815 16.133±1.474 

BC1 281.644±21.929 6338.89±427.344 2254.48±131.271 272.877±12.196 15.434±1.039 

BC2 266.177±7.180 5622.22±347.122 1657.72±128.325 233.275±14.691 12.953±1.166 

HSD (0.05) 65.204 1447.9 532.12 52.835 4.70 
HSD (0.01) 85.322 1894.6 696.3 69.137 6.151 

  

 "�*>3 .2;/L ,�% \9�]; (�D- �� !�'�%& ��� k� d�'W;�QY�$ H]� A�2R �*$ � !�
�23 �*$ !01� /� ,-�. \9�]; ���.  
Table 3. Scaling test related to genetic effects for different generations resulting from the cross between zucchini and 

hull-less seeded pumpkin. 

Scale 
Main  

stem length 
Number of fruit  

per hectare 
Fruit  

weight 
Number of seed  

per fruit 
100-seed  
weight 

A 74.878ns -644.45ns -59.32ns -35.81ns -6.834* 
B -203.888** 1122.23ns 137.57** 3.056ns 3.026ns 

C -4.076ns -5244.44ns 900.93ns 41.746ns -11.568ns 

D -62.467ns 2861.11ns 205.66ns 37.25ns 3.88ns 

ns `'� � 7� :** � * � �2S%!#:; (��D�!#:; (��D� � ��� "�	�.� UV� �� ���5  � *-��1 .*-��  

!#:; O2V� !�� � d��� � ����t  7� AS�% 6*
 7S��M;t .A�� 6*
 6��� �F% "�*> 

ns, *, **: Non-significantly differnce and significantly difference at 5 and 1% probability level, respectively. 
Significance levels are shown based on the t-test compared to the table t. 
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 (�D- /� e@  � 6*##$ " �#$ !�'�%& ��� �;���R

 "�*> �� 7:I�V; ��2;4  .A�� 6*
 7@��� !$�. �@��%

 � !9-� 70�� "2Z (�D- �� 7V��� �� 7$ A�� L /�

 *-�� e@ UV� �� !F@�KJ� yK> 7%��*- /�

!#:; !I�. �� ��2� ���!#:; 'Y  k� A'SI�Y yK> 7$ ���

 �� !F@�KJ� ,��W�;  k� 7$ A�� !I�.�� ?@� � A
��

!#:; !9-� 70�� "2Z AD- �� 7V��� �� A'SI�Y ���

 �� 7V��� �� .*
 yK> ������ �� 62'; ��*:� AD-

 �� A'SI�Y � !F@�KJ� �� !F@�KJ� ,��W�;  k� � A'SI�Y

!#:; A'SI�Y!I�. �� �*
 ��� !F@�KJ� yK> 7$

!#:; 'Y7�J�@ �� �@��% ?@� ��2� ��� �WWM;  @�� ���

 AW��V; �*$ \9�]; (�D- !�'�%& ��kL �� 7V��� ��

) A
��Najvot et al., 2018D- �� � .( ^2% 7$ !��

 ���� !%�KJ L !F@�KJ� ^2%  � & !F@�KJ� 'Y ,	)

 *��2]% �� C/E !@���$ 6��� �@ ��� D%� B#@K< "�	)�

  � � �� J� P�]�%� 7$ A��  �X� ��2; ?@� �� �A
��

O Z /� � 7�J < (�2-B@�;/L `I�0 �� !@�� �� ���

7�@��� *'I2� �@ � ,IL � @/ ��� < 6��D��� *@ S'� ���

�G�� ?@� � �D. !%E2Z (*; �� � !�2a@/� �� ��

!a��2'R ?���
 ��;� 7_'�% �� � 6*
 6��D��� � ��

) ���� �2>� (�'-2s3 ?@� /�Paris et al., 2003 .( /�

L�� k� 7$ !@�>�  A'SI�Y � !F@�KJ�& ��  7� e@  �

 �*#��� A'Sg� ,��0 !01� � !#F<�23 6�� /� `'� �

!; ?@� ��#� �2� �� !#F<�23 /� ,-�.  � � +��%

� � =}� � P�]�%�� �� k� /� 6��D����  A'SI�Y& �� �

7�2����  /� AD- �� 7V��� �� .��� !01� �� P29V;

!#:;  'Y !F@�KJ� � A'SI�Y (� k� 62'; (� k� �;� ���

 A'SI�Y �� A'SI�Y � A'SI�Y �� !F@�KJ� ,��W�;

!#:; Q� ��*:� AD- ��2; �� .*
 ���  k� qWJ �

!#:; !F@�KJ�.�2� ���   

A;1)] \I�]; ���h] � [l �2>� 6*#�� �F% [

 (�D- 7	� �� 7V��� �� (\)�h;) 7%�<�� A'SI�Y  k�

 B��$ �� �/���'R� /� ,�
 ?@� .A�� 7:I�V; ��2;

,�% � C�� ,�% �� ^2#� �K'; `S� L /� *:� ���

!; P�]�%� *#@� J �� "1�3��� P�]�%� � �� < 

  '3�� 7� *@�� !%& A'Sg� /� !@E�� UV� 7� !� ���

) �2
 7�3�*%�Anant, 2018 .(  

Ak��� 6� 	� 7� =%�@��� ��K>�  7>�� � � @QR

 �� � !��@/�� 7:I�V; ��2; (�D- /� e@  � A'SI�Y

 "�*>5  7	� �� 7$ ��� �F% �@��% .A�� 6*
 7@���

A'SI�Y =%�@��� /� !F@�KJ� =%�@��� �K'; (�D- 

 P�]�%� ASg;  'k�� *@2; K'% 7_'�% ?@� 7$ �2�  �F'�

 �� �WWM;  @�� �@��% �� 7$ A�� (�D- ?@� O1-�  �

 � !�
�23 �*$�� � �9	) 7� z2� ; (�D- �� 7V���

A
�� AW��V; �QY�$ H]� A�2R �*$ )Najvot, 

2018; Pandey & Rao, 2010(.  8SZ ���2; !3 � ��

�K>� !�� � !Z �WWM; G��K< !�'�%& =%�@��� �

 A'	�� /� !_@��% �*$ \9�]; (�D- �� 7V��� ��

 *
 ,-�. �Q� /� AD- �� 7V��� �� !F@�KJ� =%�@���

)Villanueva-Verduzco et al., 2020(. H� �� ?'#c

 !V'M; =%�@��� !�� � ��2; (�D- 7	� �� 7V���

 � !F@�KJ� !�'�%& =%�@��� /�  �	$ ��'�� 6*
 ���L �

� A'SI�Y (�D- ?@�  � q'M; H$  'k��  a%�'� ?@� � �2

!; B@�;/L ?@� �� (�D-  g$� �� 7V��� �� .*
��

Ak��� ���S�% !;2	) � @QR  !J Z /� .�2� E��

Ak���  (�D-  g$� �� 7V��� �� E�� !-2s3 � @QR

�F%  7:I�V; ��2; A':	> �� 7$ A�� ?@� 6*#��

!; (�D- ?@� d��� � B#@K<& 6�/�� *%�2� !�'�%

 6*##$ �'� �S@ W� ['�2#J � @/ �*#$��_@� �� !�23

 A�� ['�2%&)Javanmard et al., 2018.( 
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 "�*>4 .!�� � ��2; (�D- �� � !�'�%& (� k� ���L �  ��,�% ���QY�$ H]� A�2R �*$ � !�
�23 �*$ !01� /� ,-�. \9�]; �.  

Table 4. Estimation of genetic effects for different generations resulting from the cross between zucchini and hull-less 

seeded pumpkin for the studied traits. 
Genetic 

components 
Main  

stem length 

Number of fruit  

per hectare 

Fruit  

weight 

Number of seed  

per fruit 
100-seed  

weight 

m 136.050ns 11722.213** 2349.811** 121.944* 20.576** 

d 154.850** -166.66ns -118.682ns 20.168* -2.450** 
h 340.226ns -11722.204** -1443.537ns 278.641ns -10.863ns 

i 124.933ns -5722.213** -411.328ns - - 

j -278.766** 1766.666ns 1430.881** - - 
l -253.942ns 6199.990* 1723.563* - - 

!�
 5.48ns 52.154** 3.568ns 1.560ns 1.156ns 

ns `'� � 7� :** � * � �2S%!#:; (��D�!#:; (��D� � ��� "�	�.� UV� �� ���5  � *-��1 .*-��  

[m] ,�% ?'a%�'; �!01� /� ,-�. ���[d] �[h] �[i] �[j]  �[l]  !F@�KJ� ,��W�; (� k� � A'SI�Y �!F@�KJ� (� k� 6*#�� �F% `'� � 7�× !F@�KJ� �!F@�KJ

×A'SI�Y � A'SI�Y× .A�� A'SI�Y  
ns, *, **: Non-significantly differnce and significantly difference at 5 and 1% probability level, respectively. 

m: is the mean of all generations in a cross, [d], [h], [i], [j], and [l] are the effects of genetic parameters; additive, dominance, additive ×additive 

epistasis, additive × dominance epistasis, and dominance × dominance epistasis, respectively. 

!�= Chi-Square 

  

"�*> 5,�% =%�@��� ��K>� ���L � .�QY�$ H]� A�2R �*$ � !�
�23 �*$ !01� /� ,-�. \9�]; ���. 

Table 5. Estimation of generation variance components for different generations resulting from the cross between 

zucchini and hull-less seeded [umpkin for the studied traits. 

Components of variance Main stem 

length 

Number of fruit  

per hectare 

Fruit  

weight 

Number of seed  

per fruit 
100-seed  

weight 

Additive variance 2487.573** 207915.20** 106728.26** 2060.436** 11.442** 

Dominance variance 186.7135** 89780.089** 80094.436** 110.664** 1.332ns 

Environmental variance 51.853 95555.553 3843.541 4.116 0.469 
Narrow-sense heritability 0.98 0.75 0.56 0.94 0.86 

Barrow-sense heritability 0.91 0.52 0.98 0.99 0.96 

Average degree of dominance 0.38 0.92 1.22 0.32 0.48 

ns  `'� � 7� :** � �2S%!#:; (��D�!#:; (��D� � ��� UV� �� ���1 .*-��  

  ns, **: Non-significantly differnce and significantly difference at 1% probability level, respectively. 

  

 G��K< d��� �Saad )2003 !�� � �� (

Ak���  @QR G/�� !�
�23 �*$ �Ak���  @QR !;2	) �

 /�  �F'� 62'; ��*:� � 62'; /�Ak���  @QR !-2s3 �

 !�'�%& =%�@��� A'	�� /� �F% E�	�.� 7$ �2�

 ��K>� !�� �  a@� !W'WM� �� .A
�� !F@�KJ� 'Y

 A'SI�Y yK> 7$ ��� �F% �*$ (�D- !3 � !�'�%&

 A'	�� /� !F@�KJ� yK> 7� AS�% �2� ����23 � � �F'�

)All-Ballat, 2008 !�� � 7#';/ ��  a@� !F��TR �� .(

 � 7�2� �� 62'; ��*:� (�D- �� 7V��� �� �*$ !�'�%& ��kL

 62'; /� ?'a%�';Ak���  @QR /�  �F'� (�D- ?@� �

Ak���  @QR /�  �E�� � !-2s3 �85 *;L A�� 7� %

)Obiadalla-Ali, 2006; All-Ballat, 2008.(  

ASg; �	� 7$ (�D- �� A'SI�Y 7>�� �2�

 r� M%�F1  C2XD; ?@� 7� A�� ?@*I�� ?'a%�'; /�

 r Z 7� !�� � ��2; (�D- �� � A'SI�Y 7$ A��

 6���J� ��D�� A�� � �E�� ?'a%�'; ����� 7$ �*I��

A��.  /�  �F'� 62'; /� �� � A'SI�Y 7>�� q�2�;

�F% E�	�.� 7$ �2� e@6*#��6*@*R �  A'SI�Y �2J

!; (�D- ?@� �� (�D- ?@� ��2; �� ?@� ��#� �*
��

,�% �� B#@K< �� A��  �X� � 6�2S%  k2; 7'I�� ���

,�% /� ,-�. �@��% �� 7$ � '< (�2- �*:� ���

 (�D- !�'�%& ��kL !�� � �� �WWM;  a@� B��TR

H� �*$ \9�]; ���� !%�
2R)Aruah et al., 2010; 

Najvot, 2016( . ?'a%�'; !�� � ���2; !3 � ��

 AD- �� 7V��� �� ,;�$ A'SI�Y /� �F% A'SI�Y 7>��

) A
�� 70�� "2ZAll-Ballat, 2008  a@� �2� /� .(

 �� 62'; ��*:� (�D- �� � A'SI�Y 7>�� q�2�;

 7$ �2� e@ /�  �	$ 7%�� *- /� � �Q� ��*:� ������

 �F%6*#�� A�2R *I�� r Z 7� !S�% A'SI�Y �

) �QY�$ H]�S10 *I�� A	� 7� � �2$Q; (�D- �� � (

) !�
�23 �*$P25 � 70�� "2Z AD- �� � (

�F%  ?@� �� !F@�KJ� =%�@���  �F'� A'	�� 6*#��

 �QI ��2� (�D-!; E�	�.� �� �� B#@K< �2�

,�%  .��� C�_%� 7'I�� ��� 
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�������� ����  

?'a%�'; !�� � /� ,-�. �@��% 7� 7>2� �� � �� ��kL

 HX; (�D- �2SX� ��#$ �� !�� � ��2; (�D- !�'�%&

7� 6*@� �� �9	) (�D-  @�� �� \:o �X#� 7% ���T%

 � �9	) � 62'; � �9	) (�D- �� 7V��� �� 7�9� *F%

 6*��F; ?@*I�� ?'a%�'; 7� AS�% +��% � � � �Q�

 "2Z HX; AD- 79	> /� (�D- !3 � r� M%� .*@� <

?@*I�� ?'a%�'; /� 70��  A'SI�Y ��kL �2>� /� �F%

 !F@�KJ� =%�@���  �F'� A'	�� !J Z /� �A
�� !S�%

 C�_%� A'	��  a%�F% AD- ?@� �� A'SI�Y =%�@��� /�

 /� .A��  N% ��2; AD- �2SX� ������ �� P�]�%�

 =%�@��� /� !F@�KJ� =%�@���  �F'� A'	�� !J Z

�*:� ������ �� 62'; ��*:� *#%�; !��D- �� A'SI�Y �

6*#�� �F% 7%��*- /� � �Q� ?@� �� 7$ A�� ?@� �

!; K'% (�D- (�D- �2SX� �� � P�]�%� G�� /� �2�

 e@ /�  �E�� A'SI�Y 7>�� 7� !��'��� .AJ < 6 X�

 A'SI�Y �2J !�'�%&  'k�� ��@2< 62'; /� AD- �� �

,�% �� B#@K< 7$ A��  �X� � A��  �29> ���

V'M; =%�@��� .� '< (�2- =%�@��� /�  �	$ ��'�� !

  'k��  a%�'� (�D-  g$� �� 7V��� �� A'SI�Y � !F@�KJ�
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 !�� � /� ,-�. �@��% 7� 7>2� �� !9$ �2Z 7� .A��

 �� �9	) (�D-  @�� � 70�� "2Z AD- ���2� 62M%
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