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�


����
 $ H�/���\  0�G,����� ������) 0�Y�S����) U�����	NIR

    �!T��) $ 
��/�� '��6�Jafari and Connolly, 1997) (

 ��y6�2T� 02( 0���.

vg�g '	��G ��=�$ 
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        a��� U��	 :� �# o6#�� 
�
 0���{kl~  U�GT���� $ 

   a���  U���	 ���{kl�  H+6��\ ���# w��,T $ U�2��S�$ 
����# 

   2T2( sT��+�$ ��WR� �T���2� .    �/�) H�/\ ��WR� 
��#

              
��
 0��� r6��R� �� ��96!" ����!�" 
��# $ U�GT��� ��

  ( 0��/,�� �T��S��2 . �#  �         ��2��� +� �,[�6���� Q2�" ����[

                �+6�� ��(�) C$+ U��� 
��
 0��� *a��� ��
 
�
 U�	

     2�,9�GT +��` a�� $� 8)�� ��WR� .    
��
 a6���9 �\X[

  a$2��� +�  w���,T $ U�2��S�$ sT����+�$ 
�W���� �+$&���#{

»]S�«$ »% «��� 02�& .

   r6������ *�
2����!� ;�+������ 
������# �����) �����RT& ��

    
� �i3X� F#�`)jk   $ {u  # �$+   �    
�
 F���9 
��# 8����

     ���2�S�$ 
�
 �6!) $ ����T (     ��# �6�	 $ 2����� 02
�O��

            �# ��96!" ���/�) �
2�!� +6���� 2�# 0��� U� V��W9� �

2#�� �� V
�) H2((Belanger and McQueen, 1997; 

Buxton et al., 1997). sT��+�$6) ��WR� �� 0��/,�� �# �-S 

      �
2���!� ;�+����� 
�����# ����/�) H�/���\ 
����
 0���

)#  � ��+�$6) ��6�" ( $ 2T2( ��Jd�   
2��# 
��
 ��WR�

�9�� Q�RT� 2�2� 
�
 0��� q��� �# .

��# 
��-��D ���Z�+$ �� �+$&���# ���� � Q���RT� ����� g���(

�9��:

@�    ��6��" 
��-�D ��Z�+$ (h2
b)    �+$&��# 
���Y� ��#

���2S�$ 
�
 �6!) ��WR� �� F\�3 sT��+�$ 5�W��

P

DA

eC

C
b V

VV
SS

Sh +
=

+
= 22

2
2

=� �\6d[ 
��-D �Z�+$ (h2
n) 5�W�� �+$&�# 
��Y� �#

����T 
�
 F���9 ��WR� �� F\�3 sT��+�$

P

A

wHS

HS
n V

V
SS

S
h =

+
= 22

2
2 4

 S2
i = �� 
�+$& ���# ���) sT����+�$ 5�W���� U����^�σ2

i

   ����� H����#�� U�GT����� ���y��+ 2����� )  
���
 s�2��T�

 a$2�{(

A�  ��D ���Z�+$ �\6d���[ 
��- (h2
op)  q������ ���#

 2S�$ :� 
$+ w�,T �7[ �6����+

h2
op =  2b  = 

P

A

V
V

     �S���� U�� +� �)b =     
$+ x���,T �T6�����+ 8���y

��� 2S�$ :�.

          H���#�� U�GT��� �7[ a2� q��� �# *sT��+�$  �W��

    2��3�$ *
��-��D ���Z�+$ �Y����J� +� $  2T2��( �Y����J�

 6# :� # *��  �             2�( ��,9�� ��iT +�  �Y���J� +����� ��6��" .

           �+6�� ��6�� +� 
2��6!z�� 1+�6� ��9 �# 
��-D �Z�+$

             �6��$ Q2�" *����D  0�6� �� �9��d� 
��� �T6�T *0��/,��

   �n a���� $ 
��,K�D�           �Y���J� ��Tn  �G,��6�D ��iT �� �


www.SID.ir

Archive of SID



"���,Tn r6�� ��+�#
��# $ ���!�" �96!" ��/�) "...

١٣

2���� .�W��5              �/�\ ��# ��#��#  *��/�� ���X" �# sT��+�$ 

2T2��( +6��i�� .��#
���7[ �Y����J� 
��+������ ) �+�2T�,����(

  ��6��" 
��-�D �Z�+$( h2
b) �\6d�[ $ h2

n) ( C$+ ��

 �6�����(Dickerson, 1969) 
�7[ $ 2( 0��/,�� +����

  w���,T �6������+ �� F��\�3 �\6d��[ 
��-��D ���Z�+$

  
���7[ �����) ���#��# $� ������ �� 2��S�$ :��� ���# +������

2( �Y��J� �6����+ 8��y .

�O��W9� sT��+�$ (VA)  �O��W9� ��. sT��+�$ $(VD) *

                $ ���2�S�$ 
��
 �6�!) ���WR� �� F�\�3 x���,T ��/!� ��

               ��6,��& $ ��6,��& C$+ q���� ��# �����T 
��
 F���9

Aastveit and Aastveit, 1990) (  2�( �Y���J� .�& ��  ���

                �6�!) ��
 ��) �6�# 
6�J�# �O�����& g��� +�,[��� �)

    ��d�,[� H��) �
 �# �9��d� H+6\ �# ���2S�$  ��,9��

         ��6���" ��# ��6�� ��� �+ ��
 �& 0�Y,�(� sT���+�$ �-�S *�6�#

           ��9�� ��iT +� ���,Tn ��. sT��+�$ �� �7�J� sT��+�$

VE  = σ2
e  �O���W9� sT��+�$ $  (VA) ���I,K��  "  ���WR� ��

�6( �Y��J� ����T 
�
 F���9 sT��+�$ .

VA= 4σ2
 HS = 4COV(HS)

            H+6�\ �# �
 �& ����T w�,T $ U�2S�$ 
�
 ��6# �6	

X����) "   2��T�6# 02��( �O��) �6��!# �����
 +� �9��d���

    0�Y,(� sT��+�$ *U���#��#)    �����T 
�
 F���9 �$+� (  0$X�"

     W���T �O���W9� ����. sT���+�$ F����( ��7�J� sT����+�$ ��#

 2�(�# �� .          ��,T $ U�2�S�$ ��7�J� sT���+�$ ��� a�3  �+ w

       �O��W9� ��. sT��+�$ *���) ��9 ��K��(VD)   a6��9 �� 

�6( �� F\�3 ���.

DAEHSGew VVV ++=−+= 43)cov( 222 σσσ

)3( 222
eH SwDV σ σσ +−=

  a$2� U���D +� �
 a6��9 s�2T�{��� 02�& .

   ���,Tn �G,KY�
(rg)       X�\� C�+� �G,K�Y�
 $   �3

(ra) #   # *H�/\ U�  �         0��/,��� ��# w�,T $ U�2S�$ 
��# 8����

 �W�� ��5         ��� $ �T6�S�9 q��� �# sT��+�$6) $ sT��+�$ 

(Falconer and Mackay, 1996)     �Y���J� F��� g��( ��# 

2T2( .

22

)(
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)()(
.

yx CC

xyC

SS

S
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22

)(
a

)()(
.

r
yx HSHS

xyHS

SS

S
=

       �
 a6��9 U�� +�2S  $S     $ sT���+�$ �W��  *8���� �# 

        2�,K�
 ]�!,^� �/�\ $� U�# sT��+�$6) .   
�+�6�� +�

       �/��\ $� ���
 ���� :��� 
����# H����#�� U�GT����� ���)

      2���GT �Y��J� �G,KY�
 8��y �6# +�� ������. . 
��#

  
���7[ �Y����J�+������   $ �����,Tn �G,K��Y�
 8����y

 ��# '�6� 02( ���+� a6��9 �� *�O��W9�(Becker, 1984)

 2( 0��/,�� .         W��T �z��6��9 �G,KY�
 8���y U�� �# 0$X"

 2���� �Y��J�.
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 �# o6#�� 
�
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             ���WR� �)���,� �O�) '����( +� ����T 
�
 F���9 
��#

T��+�$ 2T2( s) .  a$2�{� .(       �)���,� �O�) +� �6�	

    $ �6��YT �K���� ����6# :��� q����� ���# 
+�����# ���(�����

                �$+� $ U��#  5W�� $� ��# ���WR� F�#�` *���,Tn sT��+�$

           sT���+�$ ��WR� a$2� +� �-S 2(�# ��T ����T 
�
 F���9
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 F���9 U�# sT��+�$ 5W�
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 2( �Y��J� .             +����� ��6��" ��#  *02O�T +���� H�)  23�$

2��( ���,9�� ���iT +� �Y����J�  . ����9 ���# 
��-��D ���Z�+$

           
���� ��T6�T *0��/,��� �+6�� ��6�� +� 
2��6!z�� 1+�6�

                 a����� $ 
��,K��D�  �6��$ Q2�" *����D  0�6�� �� �9��d�

�n 2������ �Y����J� ���Tn �G,���6�D ���iT �� ��
 .$�W���� 5

                2T2�( +6�i�� �/�\ ��# ��#��# ��/�� ���X" ��# sT��+�$ .


�7[ +����             C$+ �� 0��/,��� ��# ��6��" 
��-�D �Z�+$ 

 �6�������Dickerson, 1969) ( ����# $(Becker, 1984)

2���� �Y��J�.

    �3X\� C�+� �G,KY�
)ra (      0��/,��� ��# H�/\ U�#

  �W�� ��WR� ��5      �
 U�	 U�GT��� sT��+�$6) $ sT��+�$  


      +� 2�( �Y��J� a�� $� 
�
 0��� 8)�� ��WR� $ a���


     F��\�3 U�GT����� ���y��+ 2����� *sT����+�$6) ����WR�

%���y    5W��� U�WG����� ���# sT����+�$ ����WR� �#�O��� ���


  2���� �Y��J� sT��+�$6) .      
��7[ �Y���J� 
��# +�����

 ��# C$+ �� *���,Tn �G,KY�
 8��y(Becker, 1984)

 2( 0��/,�� .  �
 *U�� �# 0$X"   H�/�\ U��# �z��6�9 �G,KY

2( �Y��J� W�T.

 C$+ $� ���# +�� �!��\�9 $ �)����,� �O��) U���# ���7#�+

  ������T 
���
 F�����9 �6������+ 8����y �Y����J�) �O��)

�)��,� (     U�2�S�$ 
$+ �#)    +�� �!�\�9 �O�) (    �Y���J�  $

 +� +�� �!��\�9 $ �)����,� �O��) U���# �G,K��Y�
 8����y

�9�� +��` ��S�7� �+6� ����T 
�
 F���9.

�� w6& 2 `�
�gxg '��TE /b�	2 

     5�W���� U����^� $ sT����+�$ ����WR� x����,T ���\X[

         a��� ��
 
��# 0�Y,(� $ ����T 
�
 F���9 *U�2S�$ sT��+�$

 a$2��� +� +�� �!��\�9 �O��) '�����( +�j����� 02���&  .

              2�T� 02�( ���i�� �
 U�	 �T��S�� U�GT��� q��� �# �
 0���

)  ��O��T ���T���2� 
���
 U���	 ���# o6��#�� 
���
 0��� 0��� 

 2T� 02OT .(   a$2� +�k       r6�T ��� U���^� �� F�\�3 x��,T 

 
��-D �Z�+$h2
b)* h2

n  $(h2
op��� 02( �\X[   .

           ��O�T +�� �!\�9 �O) �S�3 +� 02�& ��� �# x��,T

            
��-�D ��Z�+$ +�2I�  *�96!" ���!�" 
��# �) 2
� ��

 ��6�"(h2
b) �\6d[ 
��-D �Z�+$ $� �� h2

 n) $ (h2
op

0�6# �,O�#  ���� )  a$2��k ($  U���^� h2
n $h2

op  
���#  

����� 0�6��# W�	���T  �/��\ U���� . sT����+�$ ����WR� x����,T

          a$2�� +� �& 02��
� F��O�� 5�W��� ��# �z��6�9v  02��& 

����� .  ���) ����� �����`�$ U���� 02���
� ��O��T x����,T U����

 +� ���������� V������IT �O��������W9� ��������. sT��������+�$

   �+�� �/����\ U������ �������,Tn a�����,�)) a$2�����v .(

  U����2T��9(Frandsen, 1986) ��+�������
$ 
������) $ 

(Kearsey et al., 1987) $ 0��) C+�W� ��#�O� x��,T W�T

  ���������YS�. sT���������+�$ V�������IT ����������
� ��������#

    ���96!" �����!�" �����,Tn a���,�) +�  ������� ����	 +�

�M2T� �,(�� 2�) .

 a$2�{�WR�  $ ���2S�$ 
�
 �6!) +� �96!" �T��S�� ���!�" $ �/�) H�/\ 
��# sT��+�$ 5�W�� �+$&�# $ sT��+�$ ��

����T 
�
 F���9

Table 1. Analysis of variance and expectation of mean squares for dry matter yield and quality traits for parents and 

HS families

]S����+�$ ��WR� ���2S�$ 
�
 �6!) sT

A. Analysis of variance for clonally propagated parents under spaced plants

S.O.V.  H������ 4#���     
���& ��+�df  H��#�� U�GT��� �y��+ 2���E. MS.

Blocks (R) �6!# 1−r
Cloned parents  (C) ���2S�$ 
�
 �6!) 1−f 222

CC Re r nn σσσ ++
R × C  �6!# × U�2S�$ )1)(1( −− fr 22

C Re n σσ +

Within parents  �6!) +� ��6# rf n( )− 1 2
eσ
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%�+�� �!\�9 �O) '���( +� ����T 
�
 F���9 sT��+�$ ��WR� 

B. Analysis of variance for HS families under spaced plants
S.O.V.  H������ 4#���      
���& ��+�df  H��#�� U�GT��� �y��+ 2���E. MS.

Blocks (R) �6!# 1−r

HS families (HS)  ����T 
�
 F���9 1−f 222
HSHR rnnw σσσ ++

R × HS  �6!# × F���9
)1)(1( −− fr 22

HRw n σσ +

Within HS families F���9 +� ��6# r f n( )− 1 2
wσ

��a�� $� a6� +� �)��,�  �O) +� ����T 
�
 F���9 8)�� ��WR� 

C. Combined analysis of HS families over 2 years grown as swards

S.O.V. H������ 4#���  
���& ��+� df ����T 
�
 F���9  H��#�� U�GT��� �y��+ 2���E. MS.

Blocks (B)  �6!#  r − 1

HS families (HS)  ����T 
�
 F���9  1−f 2222
HSHYHRe ryry σσσσ +++

HS × B (Error a)  F���9   ×  �6!#) 0�Y,(�a( )1)(1( −− fr 22
HRe yσσ +

Years (Y) a��  y − 1

HS × Y  F���9 ×a�� )1)(1( −− yf 22
HYe r σσ +

HS × Y × B (Error b)  F���9   × a�� × �6!#) 0�Y,(�b (
( )( )( )r f y− − −1 1 1  2

eσ

n, f , r =  �6!) ��2�� * �6!# ��2�� 8���� �# / }��6Tn �
 +�  ��6# ��2�� $ F���9 / F���9
2
Cσ

= VA+ VD  = � �� F\�3 F) ���,Tn sT��+�$���2S�$ 
�
 �6!) ��WR
2
eσ

= VE =  0�Y,(� sT��+�$)�7�J� (
2
Gσ

= VA+ VD  =����T 
�
 F���9 ��WR� �� F\�3 F) ���,Tn sT��+�$  

σ HS
٢

= VHS   = ¼ VA = (cov HS)
σ w

2
= DAEHSGew VVV ++=−+= 43)cov( 222 σσσ

σ P
2

= VP  = VA+ VD+ VE  = F) �z��6�9 sT��+�$
σ2CR *σ2HR $  σ2HY   = �W�� 8���� �#5U�2S�$ F#�I,� H��Z� �� F\�3 sT��+�$  × �
 F���9 * �6!# × F���9 $  �6!# × a��

VE, VD, VA = �O��W9� sT��+�$ �+$&�# 8���� �# ,F) �z��6�9 sT��+�$ �� F\�3 0�Y,(� $ �O��W9� ��.

 a$2�j��W�� �+$&�# 5���,Tn sT��+�$  S2
C$  0�Y,(� S2

e�W�� $ ���2S�$ 
�
 �6!) ��WR� �� F\�3 5U�# sT��+�$ 
 �
 F���9 S2

HS �
 F���9 �$+� $  S2
wR� �� F\�3 +�� �!\�9 �O) '���( +� w�,T ��W

Table 2. Estimates of components of genetic variance (S2
C), error variance (S2

e) derived from analysis of parents

and between HS (S2
HS), within HS (S2

w) derived from analysis of HS families grown as spaced plants
Year a�� Parents    U�2S�$ Progenies x��,T 

Traits H�/\

S2
C S2

e S2
HS S2

w

Dry matter  yield (g plant-1) �96!" ���!�"   a��1 8.74** 25.98 0.31 44.53
  a��1 2.56** 2.77 0.59** 3.42

Digestibility(%) N
 ��!#�`�
  a��2 6.39** 1.59 0.96* 4.18
  a��1 8.51** 3.12 1.29** 6.24

Charbohydrates(%) %& +� a6!J� 2�`
  a��2 12.82** 3.24 2.51** 8.53
  a��1 3.85** 2.9 0.03 4.41

Crude protein(%) Q�[ UYb�$�D
  a��2 1.9** 0.71 0.33* 1.6

*  $ ** a��,3� g67� +� +�� ���� 8���� �# � % $@ %..*,** Significant at the 5%, and 1% of probability levels, respectively
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 a$2�k� ��6�" 
��-D �Z�+$ U��^�)h2
b (�\6d[ 
��-D �Z�+$ $h2

op , h2
n) ( �/�) H�/\ $ �96!" ���!�" 
��#

+�� �!\�9 �O)  +� w�,T $ U�2S�$ ��WR� �� F\�3

Table 3. Estimates of broad (h2
b) and narrow sense (h2

n and h2
op) heritabilities for dry matter yield and quality 

derived from analysis of parents and HS families grown as spaced plants
Traits  H�/\    a��Year h2

b h2
n h2

op

Dry matter  yield (g plant-1) �96!" ���!�"   a��1 0.25 ± 0.10 0.03 ± 0.14 -0.08 ± 0.16
  a��1 0.48 ± 0.17 0.59 ± 0.30 0.38 ± 0.12

Digestibility(%) �N
 ��!#�`
  a��2 0.80 ± 0.27 0.75 ± 0.45 0.26 ± 0.16
  a��1 0.73± 0.24 0.69 ± 0.32 0.39 ± 0.11

Charbohydrates(%) %& +� a6!J� 2�`
  a��2 0.80± 0.27 0.91 ± 0.49 0.34 ± 0.16
  a��1 0.57 ± 0.19 0.03 ± 0.14 0.22 ± 0.11

Crude protein(%) Q�[ UYb�$�D
  a��2 0.73± 0.25 0.68 ± 0.44 0.44 ± 0.17

 a$2�v��z��6�9 sT��+�$ ��WR� (VP)�W�� �# 5�& 02�
� F��O�  : �O��W9� sT��+�$)(VA �O��W9� ��. *)VD ( $

�7�J�)VE (�z��6�9 sT��+�$ F) �� 
2\+� $ ��`�$ �+$&�# q����#) .��� �O) +� w�,T $ U�2S�$ ��WR� �� �
 0

2T� 02( F\�3 +�� �!\�9(

Table 4. Partition of total phenotypic variance into its components additive (VA) nonadditive (VD) and non 

genetic variance (Ve) expressed as % of total phenotypic variance (VP). Data were estimated from analysis of 

parents and HS families grown as spaced plants
 a��Year  H��#�� U�GT���MS sT��+�$ U��^�Estimates  sT��+�$ U��^�Estimates

Traits \H�/
Between HS Within HS VE VA VD VA VD VE

DM yield (g plant-1) �96!" ���!�"   a��1 47.7 44.5 ** 25.9 1.3 17.6 3 39 58
  a��1 9.35 ** 3.42 2.77 2.37 0.00 46 0 54Digestibility(%) �N
 ��!#�`
  a��2 8.98 ** 4.18 ** 1.60 3.83 0.00 71 0 29
  a��1 19.15 ** 6.24 ** 3.12 5.16 0.00 62 0 38Charbohydrates(%) a6!J� 2�`
  a��2 21.10 ** 8.53 ** 3.24 10.05 0.00 76 0 24
  a��1 4.69 4.41 * 2.90 0.11 1.43 2 32 65Crude protein(%) Q�[ UYb�$�D
  a��2 3.25 * 1.60 ** 0.71 1.32 0.00 65 0 35

** ,*� +� +�� ���� 8���� �#  a��,3� g67~  % ${.%*, ** Significant at the 5%, 1%, of probability levels respectively. 

 a$2�~��W��  �+$&�# 5 ����T 
�
 F���9 U�# sT��+�$  )(S2
HS 0�Y,(� sT��+�$ $ ) (S2

e 
��-D �Z�+$ U��^� U����
 $

 �\6d[) (h2
n�$ ��WR� ���� �� �/�) H�/\ $ �96!" ���!�" �)��,� �O) '���( +� ����T 
�
 F���9 sT��+

 H2� �# $�a�� .

Table 5. Estimates of components of variance (S2
HS and S2

e) and narrow sense heritability (h2
n) derived from 

analysis of HS families grown as swards for dry matter yield and quality traits for 2 years.
Traits  H�/\    a��Year S2

HS S2
e H2

n

DM yield (g plant-1) �96!" ���!�"   a��1 0.769 ** 0.429 0.61 ± 0.26
  a��1 0.99 ** 0.57 0.63 ± 0.26

Digestibility(%) �N
 ��!#�`
  a��2 0.48 ** 0.19 0.71 ± 0.27
  a��1 0.69 1.32 0.34 ± 0.24

Charbohydrates(%) %& +� a6!J� 2�`
  a��2 0.85 ** 0.59 0.59 ± 0.26
  a��1 0.002 1.07 0.00 ± 0.22

Crude protein(%) Q�[ UYb�$�D
  a��2 0.27** 0.19 0.59 ± 0.26

*,** Significant at 5%, 1%, of probability levels respectively. ** ,*�,3� g67� +� +�� ���� 8���� �#  a�~  % ${.%
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              +� �����T 
��
 F����9 U��# ��96!" ���!�" sT��+�$ 5W�

    2��T�6# +�� ������ a���� ���
 +� �)����,� �O��) '�����(

)  a$2�~ (            �6��$ ��# 0$X�" *�
 0��� 8)�� ��WR� +� $

              +� F����9 F�#�I,� H���Z� *��
 F���9 +� +�� ���� cX,[�

+�� ���� W�T a�� 2T2( ) a$2��.(

           +�� �!�\�9 �O) '���( +� �/�) �/\ �� �
 
��#

         02�( 0�� U���^� 
��-D �Z�+$ +�2I�h2
b)   * h2

n   $ (h2
op

   �YKT �#            ��
 �n �O���W9� F��" 02�
� ��OT �) *�6# ����

 �����) a$2���k .( +�2��I�h2
op  ������ �� 02��( �Y����J�  

  ����6�" 2��S�$ :��� 
$+ w���,T �6������+ “ �� ���,�)h2
n

 �� F\�3          �6�# �����T 
��
 F���9 ��WR� )   a$2��k(   ��) *

              +� a6���� �� V��# 
��-�D ��Z�+$ �+$&��# 02�
� ��OT

 ����� sT����+�$ ����WR� C$+ .  sT����+�$ ����WR� x����,T

             ��7�J� $ �O���W9� ���. *�O���W9� 5�W�� �# *F) �z��6�9

)  a$2�v (           *w��,T $ U�2�S�$ sT���+�$ ��WR� �� 0��/,�� �#

      ���,Tn a�,�) �) ��� ��OT        02��" +6�� ��# �/�) H�/\

����� �O����W9� . �/��\ 
����# �O����W9� sT����+�$ �6���$

   U���2T��9 '���6� �N��
 ����!#�`(Frandsen, 1986) +� 

      ��� 02( C+�W� +�� �!\�9 �O) '���( . U�� �#  *a��3

   ��+�����
 $ H6��D 
����#(Beerepoot, et al.,1994) $ 

 �6K����� $ ������+(Rogers and Thomson, 1970) ���# 

 ���
 �����
�  a���,�) +� ����YS�. $ �O����W9� sT����+�$ $�

  � �N
 ��!#�`M  2T� �,(�� 2�) .      
���# 02��& ���� �# x��,T

   C+�W���� �#�O���� *a6���!J� 
����
 2����`
����
 �D6���) 

(Cooper, 1962, 1973)   ���� ������ ���	 +�  .   U��� ��#

 W��/����
 *a���3Humphreys, 1989a,b) ( U���# ���`X� +�

         �,T �6���& ��+�# $ ����� ��	 ]!,^� Q�`+�   ��R�,T *w�

               ��# ��Tn ��!D �,/�\ *%& +� a6�!J� 
�
2�` �) �9��

      ���� �O���W9� ���. H��Z� .          
���# 02��& ���� ��# x���,T

  �D6��) �#�O��� *Q���[ U�b�$���D(Cooper, 1962, 1973) $ 

   ��+����
 $ �T6���+& (Ariconi et al., 1983)  ���	 +� 

        ���� +�� �!�\�9 �O�) +� ����� .       $ �����+ *a��J��� ��#

 �6K���(Rogers and Thomson, 1970)  ��) +�2I� h2
n �+ 

       ��YS�. sT��+�$ VIT �) 2T� �,9�� �R�,T$ 0��) C+�W�

��� �,O�# �/\ U�� a�,�) +�.

             
��
 F����9 U��#  �N�
 ��!#�` H�/\ sT��+�$ 5W�

           $ a6!J� 
�
2�` $ a�� $� �
 +� �)��,� �O)+� ����T

            �6�# +�� ����� Q$� a��� +� Q�[ U�b�$�D)   a$2��~ .(+�

           ���!#�` 
��# �
 F���9 U�# sT��+�$ �
 0��� 8)�� ��WR�

           2�( +�� ����� a6�!J� 
��
 2�` $ �N
 .     F�#�I,� H ���Z�

  F���9×     �7�� +� �N
 ��!#�` 
��# 
+�� ���� *a�� ~ %

    2�& ��� �#)  a$2�� .(        +�2�I� ��!) +6�� ��#h2
n  
���# 

         �)���,� �O�) '���( +� �/�) H�/\     �O�) �� �,O��#

 �6���# +�� �!���\�9 .  
f����# +�2���I�h2
n  02����
� ��O���T  

     �O������W9� sT������+�$ �����) ������� r6����y6� U������

  �O��) +� ���/�) H�/��\ 02����) a���,�) 5W��� U����,���

 ������ �)�����,� .    +�2���I� ������� *x�����,T U����� �#�O����

 ����h2
n     �!���D '��6� *02�( �+$&��# (Posselt, 1994) *

 $�,�����) $ �+6����S$�(Oliveira and Castro, 1994)$ 

 ��+���
 $ 
�+ (Ray et al., 1996)   *�N�
 ��!#�` 
��# 

 W��/��
Humphreys, 1995) (     $ a6�!J� 
��
 2��` 
���#

   $�,���) $ �+6��S$� (Oliveira and Castro, 1994)  
���#

              02�( C+�W�� *�)���,� �O�) '����( +� Q��[ U�b�$�D

��� .

Mgm R�03 :�& �p�S<�,  

    ��9 �G,KY�
 8���y U��^�  �z��6(rp)  �z��6�Tn *(rg) *

�O����W9�(ra)  ���7�J� $ (re)����S�7� �+6��� H�/��\ U���# *

   
��# $ +�� �!\�9 �O) +� w�,T $ U�2S�$ 
��# 8���� �# 

 2��� +� *�)����,� �O��) +� w���,T
���
 a$l $ u 0�+$& 

 2T� 02( .     
�+�6� +� *����T 
�
 F���9 sT��+�$ ��WR� +�

      ����T 
���
 F�����9 U���# sT����+�$ 5W��� ���)o6��#�� ��

          �G,K�Y�
 8���y �6�YT +�� ����� �/�\ $� ��� :� �# 

�O����W9�(ra)2O��T �Y����J� ���
 �& 
����#  . �6��	 ���9�� ��

           +�� ����� H�/�\ ��
 
��# ���2S�$ 
�
 �6!) sT��+�$

      ���,Tn �G,KY�
 8��y $ 02((rg)    H�Y�)�� Q��� 
��# 

   2���� �Y��J� �T�� $� .   ��#   ����6�        *02�( ��)� F��f� ��#

 ��I� �����    ����I� U�# �Krg    $  ra     2OT �K�� �+�6� ��
 +�  .

 �� �#  U     �) �� �
 *a�3rg      �6# 02( +�� ���� ra     ���
 �# W�T  

www.SID.ir

Archive of SID



"����� �"�+� Q6!" �!R�"*Q+��	 2!�* 0+��( @*@AE@

١٨

     �6�# 02( +�� ���� ��X" .   ��7�J� �G,K�Y�
(re)  
���# 

 2���� �Y��J� +�� �!\�9 �O) '���( +� U�2S�$ . W� �#

 �7�J� �G,KY�
(re)          +� �N�
 ���!#�` $ a6!J� 2�` U�# 

   Q$� a��    ��I# +� a$� a�� +� Q�[ U�b�$�D �# a6!J� 2�` $

          ��7�J� �G,K�Y�
 +�2�I� �T�� $� H�Y�)��re    $ W�	��T * 

     �6# +�� ���� ��.)  a$2�l .(          U��� 02��
� ��O�T ���� U���

    U����^� +� ���7�J� F����6" V��IT ���) ����� r6��y6�

       
�
 �6!) +� �T�� $� H�Y�)�� U�# +� �z��6�9 �G,KY�


��� 0�6# W�	�T ���2S�$ .

           H�7
6� '�7, �7#C 2 *I7, /�
&�C :�& �p�S<�,:   ���!) 

             �/�\ $� U��� U��# ���,Tn $ �z��6�9 �G,KY�
 8���y

  $ ���Yp� �)����,� $ +�� �!��\�9 �O��) '�����( $� ���
 +�

   2T�6# +�� ����) a$2�  
��
l $ u .(�& ��    ���
 ��) ���

  ���iT ���# *2�,K��
 �N��
 F��#�` *%& +� a6��!J� 
���
 2���`

      :��� r6��y6� U���� ���) 2���+ ����   +� ���!) 02��"�` 

  2������(�# 
� �������96!" 
�������
 ������������� .�#�O�������

    W��/����
 '���6� x����,T U���� Humphreys, 1989c) ( $
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 2T� 02OT .( U�� �#  C+�W� x��,T a�3 
�
    
��# 02( �O,�� 
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 $ ����� $ 
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  U�����^� C$+ �� *����(�) '����J� $� U����# ����7#�+ ����#

   2���( 0��/,����� '����J� $� U����# �G,K���Y�
 8������y .

              H ����� �� �O�) '��J� $� U��# ��7#�+ *U��� �# 0$X"

  �\6d��[ 
��-��D ���Z�+$ U����[h2
ops) ( �� 0��/,���� ���#

    w�,T �6����+ 8��y)�O) �)��,�  (    2S�$ :� 
$+ �#

) +�� �!���\�9 �O���) (  ����9�� +�����` �����+�# �+6���� .

   ���# o6��#�� 
���
 0��� U���# �z��6���9 �G,K��Y�
 8�����y

  $ +�� �!��\�9 '�����( +� 02��( �O��) ������T 
���
 F�����9

          ���� �� H�/\ 
��-D �Z�+$ 2\+� U��	 �
 $ �)��,�

     +� 2��S�$ :��� 
$+ w���,T �6������+ 8����y �Y����J�

 a$2���|2��( �����+� 2��T� 0 . $ �G,K��Y�
 8�����y ������I�

      H�/���\ �T��S����� U�GT������ q������ ����# �T6�������+

2T� 02( �Y��J� .

         $� U��# �G,K�Y�
 ��) ��� ��O�T 02�& ��� �# x��,T

          +�� ���� $ 0�6# W�	�T �96!" ���!�" 
��# �(�) '�J�

�6YT .      �\6d�[ 
��-D �Z�+$ U��^�h2
ops) (    U��� 
���#

 a$2����W��  �+$&�# 5 sT��+�$  (S2) �\6d[ 
��-D �Z�+$ U��^�$  (h2
n) ���� �� �/�) H�/\ $ �96!" ���!�" 

�)��,� �O) '���( +� a�� $� H2� +� ����T 
�
 F���9 �# o6#�� 
�
 0��� 8)�� ��WR�

Table 6. Estimates of variance components (S2) and narrow sense heritability (h2
n) derived from combined analysis 

of HS families grown as swards over 2 years for dry matter yield and quality traits
Traits /\�H S2

F S2
FB S2

FY S2
e h2

n

DM  yield (g plant-1) �96!" ���!�" 0.289 ** 0.092 0.199 * 0.291 0.46 ± 0.27
Digestibility(%) �N
 ��!#�` 0.533 ** 0.022 0.205 * 0.352 0.64 ± 0.29
Charbohydrates(%) a6!J� 2�` 0.609 ** 0.075 0.161 0.882 0.51 ± 0.26
Crude protein(%) Q�[ UYb�$�D 0.210 - 0.043 -0.072 0.667 0.39 ± 0.20
*, ** Significant at 5%, 1% levels of probability respectively. ** ,*8���� �#  a��,3� g67� +� +�� ����~  % ${.%
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 a$2�l�
 8���y �z��6�9 �G,KY�(rp)�z��6Tn *  (rg) ,�7�J� (re)�O��W9� $  (ra) U�b�$�D *a6!J� 2�` *�N
 ��!#�` U�# 

  a�� $� �� +�� �!\�9 �O) '���( +� w�,T $ U�2S�$ sT��+�$ ��WR� ���� �� 02( �Y��J� �96!" ���!�" $ Q�[

Table 7. Phenotypic (rp), genotypic (rg), environment (re) and additive (ra) correlations coefficents between yield 

and quality traits from analysis of parents and HS families grown as spaced plants for 2 years
 a��Year U�2S�$ x��,T

Traits H�/\
Rp rg re rp ra

  a��1 0.62** 0.91¶ 0.22 0.51** 0.99¶
DOMD vs WSC a6!J� 2�` $ �N
 ��!#�`

  a��2 0.94** 0.97¶ 0.82¶ 0.83** 1.01¶
  a��1 -0.18 -0.59¶ 0.27 -0.03 α

DOMD vs CP Q�[ U�b�$�D  $ �N
 ��!#�`
  a��2 -0.62** -0.81¶ -0.02 -0.52** - 0.80¶
  a��1 -0.74** -0.76¶ -0.74¶ -0.66** α

WSC vs CP Q�[ U�b�$�D $ a6!J� 2�`
  a��2 -0.63** -0.84¶ 0.02 -0.75** - 0.81¶
  a��1 -0.02 0.15 -0.13 -0.11 α

DM yield vs DOMD �N
 ��!#�` $ �96!" ���!�"
  a��2 0.42** 0.63¶ 0.13 0.35** α

  a��1 0.18 0.37 0.05 0.08 α
DM yield vs WSC a6!J� 2�` $ �96!" ���!�"

  a��2 0.40** 0.61¶ 0.13 0.21* α

  a��1 -0.37** -0.60¶ -0.24 -0.32** α
DM yield vs CP Q�[ U�b�$�D $ �96!" ���!�"

  a��2 -0.33** -0.39 -0.29 -0.20* α

*,**: Significant at the 5%, 1% levels of probability respectively.
¶= Correlation coefficient exceeded twice its SE.
α= MS of one or both traits was not significant (P>0.10). 

,* a��,3� g67� +� +�� ���� 8���� �# ~  % ${.%

=  ¶��� �+�2T�,�� 0�Y,(�  �#��# $� �� �,�+W# �G,KY�
 8��y  .

α=��� 02OT +�� ���� �/\ $� �� :� H��#�� U�GT��� .

 a$2�u���y  02( �Y��J� �96!" ���!�" $ Q�[ U�b�$�D *a6!J� 2�` *�N
 ��!#�` U�# �O��W9� $ �z��6�9 �G,KY�
 8

 '���( +� a�� $� 
�
 0��� 8)�� ��WR� $ �T���2� +6� �# a�� �
 +� ����T 
�
 F���9 sT��+�$ ��WR� ���� ��

�)��,� �O)

Table 8. Phenotypic and additive correlation coefficents between yield and quality traits for each year and 

combined over 2 years from analysis of HS families grown as swards
DOMD �N
 ��!#�` WSC a6!J� 2�` CP `Q�[ U�b�$�D

  H�/\Traits   a��Year
Rp ra rp ra rp ra

a6!J� 2�`WSC   a��1 0.69** 0.82¶

  a��2 0.74** 0.67¶
Comb.analysis 8)�� ��WR� 0.68** 0.78¶

Q�[ U�b�$�DCP   a��1 -0.45** α -0.74** α

  a��2 -0.39* -0.27 -0.79** -0.80¶
Comb.analysis 8)�� ��WR� -0.45** -0.60¶ -0.78** -1.05¶

 �96!" ���!�" DM yield   a��1 -0.03 -0.09 0.25 0.17 -0.54** α

  a��2 -0.20 -0.43 0.03 0.01 -0.17* -0.12
Comb.analysis 8)�� ��WR� -0.08 -0.36 0.17 0.26 -0.46** -0.43

*,**: Significant at the 5%, 1% levels of probability respectively.
¶= Correlation coefficient exceeded twice its SE.
α= MS of one or both traits was not significant (P>0.10). 

,* +�� ���� 8���� �#  a��,3� g67� +�~  % ${.%

=  ¶��� �+�2T�,�� 0�Y,(�  �#��# $� �� �,�+W# �G,KY�
 8��y  .

α=��� 02OT +�� ���� �/\ $� �� :� H��#�� U�GT��� .
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 a$2�|� �6����+ 8��y �� 0��/,�� �# �\6d[ 
��-D �Z�+$ U��^� b).( w�,T)�)��,� �O) +� ( �# 2S�$ :� 
$+ )

+�� �!\�9 �O)+� ( �G,KY�
 8��y $(r) �O) '�J� $� U�#  

Table 9. Estimation of narrow sense heritability (h2
ops) based on regression coefficient (b) when parents grown as 

spaced plants and offspring grown as swards and correlation (r) between two environments
Traits  H�/\ Year  �6����+ 8��yb   
��-D �Z�+$  h2

ops �G,KY�
 8��yr
DM  yield (g plant-1)  �96!" ���!�"   a��1 0.01 0.02 ± 0.03 0.16

  a��1 0.03 0.07 ± 0.23 0.03
Digestibility(%) �N
 ��!#�`

  a��2 0.19 * 0.38 ± 0.09 0.38 *
  a��1 0.24 * 0.48 ± 0.17 0.57 **

Charbohydrates(%)  a6!J� 2�`
  a��2 0.14 * 0.28 ± 0.12 0.39 *
  a��1 0.19 0.39 ± 0.29 0.25

Crude protein(%) $�DQ�[ UYb�
  a��2 0.12 0.23 ± 0.21 0.36

*,**: Significant at the 5%, 1% levels of probability respectively. = ** ,* a��,3� g67� +� +�� ���� 8���� �# ~  % ${.%

             ��) ���� U�� 02�
� ��OT �) �6# �/\ �# :��WT �/\

        +�� �!\�9 �O) +� �96!" ���!�" V��W9� 
��# V��W�

       �+�2T �)��,� '���( +� ���!�" V��W9� �# �
���# . �p)�

 ��� C+�W� U�� 2�L� 02( Q�RT� H�I�IJ�(Carpenter 

and Casler, 1990; Hayward and Vivero, 1984)  .  ��S$

 2�!GT� *a�3 �
 �#(England, 1975)   ��) ���� 0��� ��OT 

   
�����# �O���) '����J� $� U����# +�� ������� �G,K���Y�


    �+�� �6��$ �96!" ���!�" .     +�2�I� *��/�) H�/�\ 
���#

     2T�6# '�6,� �� �) �G,KY�
 8���y .   $� U�# �G,KY�


   a6�!J� 
�
 2�` $ Q$� a�� +� �N
 ��!#�`  
��# '�J�

  +�       �6# +�� ���� $ �Yp� a�� $� �
 .    �6�����+ 8����y

     $ '�J� $� U�#h2ops            
���# $ 2�T�6# '��6,� ��� �) W�T 

   2T2O�T +�� ���� Q�[ U�b�$�D)  a$2��| .(    ��!) +6�� ��#

            ��(�) '��J� $� U��# 
6�` ��7#�+ ��) ��/� ��6�� ��

     +�� �!��\�9 �O��) ������ �� V��W��� $ �+�2��T �6���$

       ���/�) V��W�9� 
���# �#6[ +����       +� ��96!" ����!�" $ 

             H�/�\ V��W�� ��) ��� �,�# $ 2(�# ��T ����� ��	

    ���-D Q�RT� �)��,� �O) +� .        '��6� x���,T  U��� �#�O��

  ��+�����
 $ H6��D 
����#(Beerepoot et al., 1994)$ 

   ��+����
 $ n$+n6��(Ugherughe et al., 1980)  C+�W�� 

 ������ 02���( .   W��/�����
 ����y�3 C+�W���� cX[����#

Humphreys 1989b) (    +� a6�!J� 
��
 2��` 2\+� 
��#

  U��2T��9 $ %&(Frandsen, 1986)    ���!#�` 2�\+� 
���# 

               
���# ��
 +����� 
2��# ��Y�+ ��) 2T� 0��) C+�W� *�N


                '��J� $� +� ��
 �& 2���Y�
 $ U�2�S�$ +� ��/�) H�/\
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