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Study on the effects of plant density and cutting height on forage and 
grain yield of triticale under Ahwaz conditions
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Table 1. Some meterological data of cropping seasons
 &: � �y2��F $�!��

 � ��F)8��������(

Maximum average 

temperature

 C ˚

�F &: � $�!�� &�  � � �

 g)� &4��)8��������(

Average temperature in 

first 3-months

C ˚

 &: � V#��F $�!��

 � ��F)8��������(

Minimum average 

temperature 

C ˚

 &4�� &�  � � ��F &: � V#��F $�!��

 g)�)8��������(

Minimum average 

temperature in first 3-months

C ˚

�� �
 $�!�� 8�

)8+�����(

Rain 

average 

(mm)

 g��

8� �7

Cropping 

season

27.5

26.5

36.1

35.5

14.05

15.5

21

22

131.8

224.4

78-79

79-80

��$W	e8� % 
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f �< �$�� ��!��� 
���% -�( l%  �) &%         g)�J:  � &J��� ��J'+�� h2�� r��

 ; ��JJ�)2 (>JJ�� ;�JJ� &JJ~� � . K�JJ�� �JJ
%&JJ�*�� ��JJ4JJ% N

 
 �g)�:�            �J^� 7� -
J� &J*!+� >J����
 s+�C� {!�� N

     	JLq� Y��JW� &��� ��'+��     ]�J�  � � ��1 %  ;�4�DJ�

      �-J*� �
 &2 � !_ &
 ��%        -
J� &J*!+� >J����
 /�J0( � X

� &��� ��'+����-*� -% X% >*�) g)�:2 .(


JJ���D% � &JJ
 &JJ��� ��JJ'+�� NJJ� "�-8/490  � ��JJ� 

  ( &
 Q
������  ��C4) � &J*!+� >����
 �� ( �J��2 )% "6 N

 � &
�  "�-1/232    � Q
�����  � ��� JJJJ   ( &J
 �!
��    �J�C1

)     /�0( � 7� &*!+� >����
5 ���� 8  �7 ]�� �����N (  �!J


) g)�JJJ:3 .(JJJ
�+�� NJJJJJJJJ( &JJJ��� ��'���JJJ4 ��C3 )

C4 	Lq� Y��W�  >���� �!:) � �� .        [�J
 	J+2  !J_ &J


(  � &��� ��'+�� "�!
� ��J4 ��C3)C4 J� � 8   &J
 "�!J(

 
 ���q(�        JLb�4 ) ]�J� �F�)  � &+
L� ��D� 7 N J%   "�!J
 ��

 ��� >
\JJJ� &JJJ���  �-JJJ4 "7) ) &+
LJJJ�  � &JJJ��� ���JJJq( .

�JJJ��%�  � 	�
�DJJJ� lJJJ%�7 N� &JJJL;�JJJ� . �-JJJ� >JJJ�� 

(Prasad & Muker, 1988).

    g)�: K��� �
2�  
 �)�0( � 12��( N    7� sJ+�C� ��4

 ( �^�H3�    	JLq� &J��� ��J'+�� �
 � +2 ) �!J
�  �� J�  {!�J� &

� 7� 12��(%  � �^� N%�L�*��  ��# ;)�� �.

g)�:2 Lb�4 �� !� N% � ��%       J
 �)�J0( &J2 >�� N� N

g��      \
 &��� ��'+�� �^� 7� >����
 ��4� 	Lq�  �  ;�!
  ��

  >��))�:g3( .�%  k�(��� Y��W� N  �� &
 �  J( VH3�   VBJ* �

  ( ) 	�� 7HW�      �)� g��  � >D2  � ��!
.  &J��� ��J'+��

  g��79=78     g�� &
 >
\� 80=79    �)�JF 37    �J<  � 

 ��JJ(�
>JJ��� . �)� g�JJ�  � &JJ��� ��JJ'+�� "�!JJ
 �JJ��2


 �� &�V          �g!BJ�� 	��J�7 &JW�M "�J� ;�J(!n    X4�J2 

              &J��� ���Jq( ) &J���  �-4 "7) �]�� �F�)  � &+
L� ���q(

�!
 &+
L�  �.

JJ(H3�  -
JJ� &JJ*!+� >JJ����
 sJJ+�C� {!�JJ� VJJ
�R�� �

  ��J'+�� �JJ
 12��J( )  ]�J�  � &JJ��� 1	JJLq� �JJ< �   ��

�!
) g)�J:2 . (   8JLq%     &J��� ��J'+��   �J
j( J��    12��J( � )

j(JJJ��  j( &JJJ*!+� >JJJ����
 /�JJJ0( � � JJJ�� 	JJJ� �% �JJJ
� .

�([�JJJ
% �  � &JJJ��� ��JJJ'+�� NJJJ%�JJJ�76 N% �!JJJ
�� X

( &JJ
� 12��( �JJ�400&JJ(!
 QJJ
�����  �  >JJ����
 ��JJ� ) 

  � �J
 &J*!+� J�G��� N9/500  � ��J�    &J2 �!J
 QJ
����� �JJ
 

(� ��J4 ��C3D3 , C4D3 , C4D1  	JLq� Y��JW�   "�DJ�  ��

 ����)g)�:4.(

 g)�:2 =��� &<�W %-�( l% �) &%
 ��'+�� �&��� ��'+�� h2�� r���E!�!%>����
 |W�� ) 	'

Table 2. Summary of combined analysis of variance for grain yield, biological yield and harvest index
 &���  �-4 "7)

)���(

1000 kw 
(g) 

  � &��� ���q(

&+
L�

No. Grain/ 
Spike

  � &+
L� ���q(

Q
�����

No. 
Spike.m2

 |W��

>����


HI
 (%)

��'+��

8'%E!�!�
 

Biomass

 ��'+��

&���

Grain yield

&: �

,��76

df.
�����j( Q
L�S. O. V.                        
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608.48**

4.38

238.16**

22.05*

4.92

22.05**

6.47**

1.22ns

3.04 ns

1.94

342.47**

29.47

611.72**

8.43**

6.58

42.03**

14.51*

1.28 ns

1.84 ns

1.84

35794.84**

1404.411

94666.11**

5058.42*

1350.73

13685.61**

886.02 ns

634.31 ns

459.65 ns

393.03

245.59**

22.44

45.96**

8.95 ns

3.77

44.22**

13.16**

2.35*

1.03 ns

1.11

2118865.484**

113590.486

4715545.51**

67383.64 ns

3451737

53070.15**

44655.99**

6528.44 ns

5021.22 ns

4484.91

457481.99**

9799.62

46999.63**

10649.60 ns

3675.90

1146.15 ns

1667.05 ns

1546.39**

445.24 ns

539.79

1

6

3

3

18

3

3

9

9

72

g��

g�� ") �  ��'(

&*!+� >����


>����
 g��

;�
���

12��(

 g�� *12��(

&*!+� >����
*12��(

g��>����
*&*!+�*12��(

;�
���

Year (Y)

RY

Cutting(C)

YC

Error (Ea)

Density(D)

YD

CD

YCD

Error (Eb)

5.484.8864.097.057.17C.V %

ns � * ) **: 8Lq���U h�(�( &
  {!��  �  �� 8Lq� � ��5 ) 1�< � .

ns, * and ** : Non significant, significant at the 5 and 1 levels, respectively. 

 g)�:3 = >����
 |W�� ) 8'%E!�!�
 ��'+�� �&��� ��'+�� N�G���� &\%�R� 

12��( ) -
� &*!+� >����
 s+�C� {!��  �

Table 3. Mean comparison for grain yield, biological yield and harvest index

 &���  �-4 "7)

)���(

1000 Kernel 
weight (g) 

 &��� ���q(

&+
L�  �

Number of 
grain/ spike

  � &+
L� ���q(

Q
�����

Number of 
spike/ m2

 >����
 |W��

)�< �(

Harvest index 
(%)

 8'%E!�!�
 ��'+��

) � ���Q
����� (

Biomas (gm-2)

 &��� ��'+��

)Q
�����  � ���(

Grain yield 
(gm-2)

 ���(

Treatment

29.92 d

34.03 c

35.53 b

40.51 a

36.54 a

35.18 b

34.16 c

34.09 c

28.63 c

29.12 c

32.00 b

34.79 a

32.10 a

31.23 b

30.82 b

30.11 c

226.6* d

323.5 c

396.5 a

351.6 b

306.4 c

332.1 b

347.1 a

352.6 a

34.63 c

35.22 b

34.33 c

32.45 a

35.36 a

34.92 a

33.51 b

32.85 c

35.8 ab

35.7 ab

33.4 de

33.41 de

36.25 a

36.26 a

34.54 cd

33.84 de

35.05 bc

667.5 d

917.6 c

1337 b

1507 a

1006 c

1049 b

1144 a

1135 a

232.1* c

322.5 b

461.4 a

490.8 a

371.78 a

379.9 a

383.5 a

372 a

266.0 e

243.2 e

224.8 e

233.4 e

314.3 d

318.6 d

324.3 d

332.9 d

445.9 c

C1

C2

C3

C4

D1

D2

D3

D4

C1D1

C1D2

C1D3

C1D4

C2D1

C2D2

C2D3

C2D4

C3D1
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34.45 cd

34.20 cde

33.64 de

34.3 cde

33.16 e

31.18 f

30.51 g

459.1 c

490.5 a

453.3 c

500.9 a

500.9 a

497.5 a

470.8 bc

C3D2

C3D3

C3D4

C4D1

C4D2

C4D3

C4D4

36.63 a

33.60 a

33.24 a

28.88 b

351.27 a

317.83 b

35.54 a

32.77 b

1235.98 a

978.65 b

436.48 a

316.91

Y1

Y2

C1 � C2 � C3 ) C4 7� &*!+� >����
 /�0( � 5 �10 ) 15�� 8�� �&*!+� >����
 ��� ) N��7 ]�� ,���D1 � D2 � D3 ) D4 &(!
 12��(300 �400 �500 ) 600  � &(!
 

Q
�����.

C1, C2, C3 and C4 are height of forage cutting from ground, D1, D2, D3 and D4 are 300, 400, 500 and 600 plant in squarmeter. 
)�F ,� �� ����� "!�� �4  �8Lq� �)�0( "�\'% Y ]��  �  ��5 %�� ���.

Means followed by similar letters are not significantly different at P < 0.05.
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/<� ��!��� "]� �	 2)2?E ����(
�JJ�� &JJ<�W%-�( lJJ% �) &JJ% g)�JJ:  � r��2 "�DJJ�
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 &2 �       &J*!+� >J����
 /�0( � s+�C� {!�� N  7� 

JJo+�� ��JJ����pDJJW ;��JJ�\JJ
 �)�JJ0( �	JJLq�  � � ��

 � �� �!:) .(�     >J����
 ���  ��(C4)   � �J
  J�G���  N1507
( ) QJJ
�����  � ��JJ��  /�JJ0( � 7� &JJ*!+� >JJ����
  �JJ�5

����8  � �
 �����G���  N5/667     (�( &
 Q
�����  � ���  J� h


���D%  ���2 ) N%      �  �DW ;��� ��'+�� N�!(�  �J��!�� �

)g)�:3 .(
  ��'+�� "�!
 [� 
 �E!�!%p)  �DJW ;���(

(  ��  &JJ*!+� >JJ����
 ��JJ�  �JJ�(C4) ��)�JJF �JJ( ) C3

) 7� &JJ*!+� >JJ����
 /�JJ0( �cm15 (	JJ��� &JJ
 �JJ��!(JJ� V

�/�0( �       
 &J��� ��J'+�� ) ;�2 ��'+�� J� � ��D J% ( N�  �J4 ��

{!�� &
 >
\�C2)  C1���
 .���%��76 l%X  ,�J4  ��J���

 "� �JJJ'�4 ) 	bJJJ��
� $JJJ�!( ;�JJJ�)1372 () �JJJ� )

(Sharrow, 1990)�( �  z!* h���� >�<�% �8��L2.

JJ
�12��JJ( N� sJJ+�C� ��JJ4JJ� ;��JJ� ��JJ'+�� �JJ^� 7� -

   Y��W� ��DW8Lq�  ]��  � � ��1     ;�4�DJ� �J< � 

���JJ% �) g)�JJ:2 . ( 12��JJ(500  �JJ
 QJJ
�����  � &JJ(!
 

��G��� ��'+�� N 
 �E!�!%p)  �DJW ;���(1144   ��J� 

   Q
�����  �)  
 &:!( �
 	Lq� &      ( &J
 >
\J� X��!
�  ���   �J�

D4 (
���D%  ( ) N�    �J�300       �J
 QJ
�����  � &J(!
 � J�G��� N

��JJ'+��
 �E!�!JJ%p);��JJ��DJJW (1006  � ��JJ� 

 ���2 Q
�����%  ��J'+�� N
�E!�! J%p)   �DJW ;��J�(  �  

�!(�  ��2  ���)   g)�J:3 .(       �-J*� �J
 &JM �J��%X  1n��J(   7� 

"7) p(         �-J*� �J
 	�) �� &���2 &(!
 %    ���Jq( X    � &J(!


  "��JJ
: &JJ(!
 �JJ( "7) X4�JJ2 ]�JJ� �JJF�) �JJ%���)


 ��o+���E!�!%p�-*� ]�� �F�)  � % X%>*�.

  g)�:2  	� "�D�  J
 �)�0( &2 �4�� g�J� N � �J4 J� 7� -

 ��'+�� �^� 
 �E!�!%p) �DW ;���(    ]��  � 1  �< � 

	Lq� >�� ;�!
  ��) g)�:2.(

�JJJ����%  
 ��JJJo+�� X4�JJJn >JJJ+� N�E!�!JJJ% p

)  pDJW ;��� ( �   �)� g�J� �  J( HW�  J
 >J��n  � � &�� J� V

  �!:)���%      �!J: ���\J��� $) 	��J� �
      � �)��J� ��J4
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 .(HW�     )� "�J� ;�J(!n h:!� >��n  � �;

      ��� ) v�
 ]�� |W�� X4�n ��� ;   � pDJW  J�  ) ;�
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   �JJ�� K�JJ�� �JJ
%  g)�JJ: l2 ��JJ'+�� 
 �E!�!JJJ%p

)�DJJJW ;��JJJ�(7� �JJJ3�( VJJJ
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&JJ*!+�12��JJ( )  ��3HJJ( {!�JJ� VJJ
�R�� �JJ3� 	JJ�) >JJ*�G�

          ��J'+�� �J
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 g�J� ) 12��( s+�C� 
 �E!�! J%p

)��� �DW ;(    ]��  � 1    	JLq� �J< �     �!J
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  !J� ,
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 �!
�� N�   12��(  ��500 &J(!
   � 

Q
�����      � �J
 g)� g�� )  J�G���  N1276    ��J�    QJ
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 �!JJ
) g)�JJ:4 .(JJ(H3��-JJ*� >JJ
y� �%X&JJ(!
 1n��JJ( �JJ


��JJ'+��
�E!JJ�!%	'  ���JJ�%�� $�   � �)�JJ0�� 	JJ�

\
���76 7� � �%X;�4�D��4  >J�� ;�J�) 1994Hassan 

and Atia,  c  (Grabinski, 1994.

g< M����� hE��
�JJ3�    |W�JJ� �JJ
 &JJ*!+� >JJ����
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 � ��J4 ��C1
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Table 5. Mean comporisons of cutting×year interaction on number of spike m-2 and number of grain per spike

&+
L�  � &��� ���q(

No. Grain/ Spike
Q
����� ]�� �F�)  � &+
L� ���q(

No. Spike m-2 
&*!+� >����


Cutting
C4C3C2C1C4C3C2C1 g��      Year

37.59 a

31.40 c

34.63 b

29.38 d

30.87 cd

27.38 e

29.89 cd

27.38 e

355.9 bc

347.3 bc

424.8 a

368.3 b

331 cd

315.9 de

293.4 a*

239.8 f

Y1

Y2

* �)�0( ��G���N �� �� ��4%f��D� Y�F �"!�� �4  �  g���F� ]��  � � ��6 �^� 7� 5 %	Lq�	��  �����
.

* Means followed by similar letter are not significantly different (p<o.o5) – Using Duncan Multiple Range Test (DMRT)
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   8JJ� �)�JJ�� �  &JJ��� "�JJ� �JJP &JJ����  ��� >
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Table 6. Summary of analysis of variance for green forage yield
 -
� &*!+�) Q
�����  � ���(

Green forage (gm-2)
,��76 &: �

df.
 �����j( Q
�L�S. O. V.

806116.76**
1420.4

2146732.6**
40316.8ns

42853.2
294457.2**
28325.01ns

22201.4ns

10430.8ns

10624.83

1
6
2
2
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3
3
6
6
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Error (Eb)

ns � *)** : h�(�( &
8Lq���U8Lq� � �� {!��  �  ��5 ) 1�< � .

ns, * and **: Non significant, significant at the 5 and 1 levels, respectively.
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Table 7. Mean comparisons for forage yield

 �( &*!+� ��'+��)Q
�����  � ���(

Green forage yield (gm-2)
 ���(

Treatment
 N��7 ]�� 7� &*!+� >����
 /�0( �)8�������(

Height of forage removal (cm)
2065*
1759 b
1550 c
JJJJJJJ

1644 c
1770 b
1861 a
1891 a

1883.17 a
1699.89 b

5 Cm (C1)
10 Cm (C2)
15 Cm (C3)

(C4) 12��( &*!+� >����
 ���)Q
�����  � &(!
(

Density (Plant m-2)

300 (D1)
400 (D2)
500 (D3)
600 (D4)

76 g��  X%��Year

Y1 g)� g��

Y2 �)� g�� 

*N�G���� �)�0( f��D� Y�F �% ,� �� ,�4 g���F� ]��  � , ��6 �^� 7�5 %8Lq�>\��  ��.

* Means followed by similar letters are not significantly different (p < 0.05) – Using Duncan Multiple Range 
Test (DMRT)
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Study on the effects of plant density and cutting height on forage and 
grain yield of triticale under Ahwaz conditions

Lack1, Sh., M. Golabi2, M. Mojaddam3, S. A. Siadat4 and 
G. NourMohamadi5

ABSTRACT

A two year experiment was conducted in 2000 and 2001 in order to investigate the effect of height of 

cutting and plant density on forage and grain yield of triticale (var . Juanillo 92). The experimental design was a 

split plot based on randemized complete block design, in which main plots consisted of 4 level of height of 

cutting: Cutting from 5 centimeter above ground (C1), Cutting from 10 centimeter above ground (C2), Cutting 

from 15 centimeter above ground (C3), No cutting (C4). All of the cutting treatments were implemented before 

stem elongation. Four planting densities (300, 400, 500 and 600 plant m-2) assigned to sub-plots with 4 

replications. Results showed that by increasing in height of cutting significantly affected grain yield, biological 

yield, 1000 kernel weight, spike number per square meter and number of grain per spike. The highest grain yield  

(490.8 gm-2) obtained from C4 treatment (Non cutting) and the least (323 gm-2) in the C1 treatment (cutting from 

5 centimeter). There were no significant differences between C3 and C4 treatments. Effect of plant density on 

grain yield was not significant. No cutting (C4) treatment at the 400 plants m-2 produced 500.9 gm-2 of grain. 

There was no significant difference between this treatment and C4D1, C4D3 and C3D3. Cutting hieght showed 

significant effect on forage yield. As the cutting height increased, forage yield decreased significantly. Results 

showed that the effect of plant density on forage yield was significant. When plant density increased, forage 

yield also increased, significantly. Combined analysis of variance indicated that cutting from 15 centimeter 

above ground at 500 plants m-2 treatment (C3D3) could be recommended for growing tritical (cv. Juanillo 92) as 

dual purpose crop. 
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