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A Study of Energy and Protein Requirements of Crossbred Dairy Heifers
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#-�����-���� National Research Council (NRC, 1988) )��03()#����*�+�����-�-� (Holstein Friesian) �-���� 24 

��� ��-�'������$6��&�"
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��$���
$"?� 2 x 2 factorial )��"@�����
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��������������)A3���=��B�( (TDN) 1.0 ��� 1.2 $�=���� NRC �=��
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���������'�
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��� (CP) 1.0 ��� 1.2 $�=���� NRC ������=�����
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)#0'(B�(
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��$���
 1 0� 4 �
��$���
 ��&������=�������'�
��������=���'�
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��������� #%� 1.0: 1.0, 1.0: 1.2, 

1.2: 1.0 ��� 1.2: 1.2 3=��$���0���
$�>��(��*���
���B�(�����-�'�������
�������� 45 ��� +���
��������=� 


�������������� 1.0 ��� 1.2 $�=���� NRC �-�0'("
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���B�(������!��'(� $"�
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���B�(�=���-�'������
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�M$������)# (P>0.05) �������
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���B�=��+�
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������A����
03(��'�
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03(��'�
 ������
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B�(�������������)#$�%&�$"
���$������� NRC ���=� )#����������)A3���=��B�($"?� 1.04 ��� 1.18 NRC �=��

)"
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)"
���B�($"?� 1.00 ��� 1.18 NRC �����
"
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$L>��
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��#=� factors 
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$�
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��� ���B�)�
$��$�������LU�

Abstract

The objective of this study was to investigate the energy and protein requirement

of crossbred dairy heifers by comparing to the recommendations of National Research

Council (NRC, 1988). Twenty-four Holstein Friesian (HF) crossbred heifers 236 � 64 kg

empty body weight were used in this experiment. The experimental design was a

randomized complete block in a 2 x 2 factorial arrangement. The factors were two levels



156

of total digestible nutrient (TDN), i.e. 1.0 and 1.2 NRC and two levels of crude protein

(CP), i.e. 1.0 and 1.2 NRC. Heifers were assigned to one of four treatments (TDN: CP of

1.0: 1.0, 1.0: 1.2, 1.2: 1.0 or 1.2: 1.2). The data collected were dry matter intake and

weight of heifers within a 45-day period. It was found that heifers receiving 1.2 NRC of

TDN had significantly higher dry matter intake (DMI); % dry matter intake of body

weight (%BW) and average daily gain (ADG) (P<0.05) than those receiving 1.0 NRC of

TDN. However, the CP level of 1.0 and 1.2 NRC had no effect on DMI, %DMI of BW

and ADG (P>0.05). Feed efficiency and body weight did not differ between levels of

TDN and CP. No significant interactions occurred between levels of TDN and CP on

DMI, body weight, feed efficiency and ADG. Actual TDN intakes compared to NRC

recommendation were 1.04 and 1.18 NRC and actual CP intakes compared to NRC

recommendation were 1.00 and 1.18 NRC. The responses of crossbred Holstein Friesian

heifers to different levels of energy and protein indicated that the requirement of energy

and CP were higher than that recommended by NRC (1988) which were 5% and 38%

respectively. The adjustment factors for calculated NEM and NEG were 0.0904 and

0.0482 in this experiment.

Key word: crossbred dairy heifers, energy and protein requirements, and nitrogen 

metabolism
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�����
�U�	���� Waldo et al. (1998) ���=���
0'(��'�
)#
�=�0'(�����
���
$�
�M$���)������ 725 ��� 950 �
�� 

B�=�-�0'(+�+�����-����=����� ��$'����&�-�0'()#�����&�����
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�M$���)��*�0'(+�+�����-����&-�$��������
��&��B�
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!+�����B�(���$�=����"��� )#��������
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$�
�M$���)��*����-�0'($L��
 parenchyma DNA ��� RNA ����=����-������� �������B����$��&��U�� (Capuco et 
al., 1995; Stelwagen and Grieve, 1990) ��= Radcliff et al. (1997) ���=����
���
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�M$���)�B�=��+��=� parenchyma 
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��� 1.2 $�=���� NRC ������=� (block) ����
����������-�'������)#$"?� 6 ���=�Z �� 4 ��������&������ �����=�)#

0'(B�(
���
��$���
 1 0� 4 �
��$���
��&������=�������'�
��������=���'�
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���)#)��03()"
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����� 2 #
��� $��� 9.00 ��� 14.30 

�. ������� 03('M(��'(������������������&����"
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 3 �������=���� $�%&���$#
��'
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"
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���7 (AOAC, 1990) 

�����$#
��'
�=��"
�������$�%&�0�)������03(��
<�� (Van Soest et al., 1991) ��������� ��$#
��'
'�������)������ 

Acid detergent lignin (ADL) B�)�
$����&B�=�����0���
<����&$"?��
� (Acid detergent insoluble nitrogen, ADIN) 

B�)�
$����&B�=�����0���
<����&$"?����� (Neutral detergent insoluble nitrogen, NDIN) $�%&�'�#=�$�%&�0���&

"
�����)"
��� (NDFn) ��$#
��'
�(��*�+���
���������!���)��03( General linear model ���)"
��
� SAS 

(SAS, 1985)

�����	')��%&


��&����
����*�
�+
�
�,��

��#
"
�������$#�����'M(��������������'(� �(��)�� ������!�&�$'�%�� ����0� Table 1 'M(����

����������'(� )"
���'�����#=����#�(�������& Hare et al. (1999) B�(
�����B�( (10.6 $������� 5.0-11.8%) �=��

+���$L��
��#=��&-���=���&
�����)��$���� (2543) �����������U����*=��������%3 ��*��� ��
�����
0'("��� ��-� ���#�������

���*
7
������

Table 1 Chemical composition of  Ubon paspalum grass, ground corn and soybean meal (% DM).

Nutrient ( %) Ubon paspalum grass Ground corn Soybean meal

Dry matter (DM) 87.3 87.1 88.4

Crude protein (CP) 10.6 8.8 47

Total fat 1.15 4.2 0.72

Acid detergent fibre (ADF) 28.4 2.9 7.4

Neutral detergent fibre (NDF) 54.1 15.8 9.7

Total digestible nutrient (TDN) 61.9 88.1 80.6
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�(��)����"
���7�������)A3���=��B�( )"
��� ���B�������#�(�������& Cheva-Isarakul and Promma 

(2541), Promma et al. (2541) ����� ���#7� (2543) 
�����B�( ��="
���7 ADF ��#=��&-���=� ��=��#%� �����������*=

0�3=��  79.8- 88.7%  )"
���   8.1-9.7%  EE 4.8% ��� ADF  4.2-5.4% ������� �U����*=���������
�����������
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$�>�
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 ��&�$�%�"� �����
"�*�0��A������(���=��Z

���!�&�$'�%�����������)A3���=��B�(���#�(�������& ����� ���#7� (2543) ��� Promma et al. (2541) 


�����B�( ��=)"
���'������ ADF ��#=��&-���=� ��=��#%� �����������*=0�3=�� 74.6-88.2% )"
��� 48.1% ��� ADF 
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"
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��0���=�����=�����B�(0� Table 2 $�%&�$"
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NRC (1988) ����-�0'(���)#�������"
���7 12 $�%�� (CP = 12%, TDN = 66%, ME = 2.47 Mcal/kgDM, NDF = 

25% ��� ADF = 19%) ���=�)#B�(
��)"
���'���$������ (12.2, 14.4, 10.71 ��� 12.7% 0�)#���=���& 1, 2, 3 ��� 4 
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��#=����� 2 

0'(B�(���#����(����
���)# ����(��03(�(��)��������!�&�$'�%��0�"
���7�*� LU&���"
���7��� ADF �&-� �����

$'>�B�(����*�
��'�
��&����'�
�(��*��U�����-�0'( ADF #=���(���&-� ��=��B
�>��� "
���7��� NDF ��&B�(��#=��*���=� 

NRC ����-�B�=�=����
����=��
������
'���0��
�$���'���

Table 2 Chemical composition of feed (% DM).

Treatment 1 2 3 4

Energy level (NRC ) (E) 1.0 1.0 1.2 1.2

Protein level (NRC ) (P) 1.0 1.2 1.0 1.2

Crude protein (CP) 12.2 14.4 10.7 12.7

Ether Extract 2.4 2.2 2.8 2.6

Acid detergent fibre (ADF) 15.8 15.9 13.1 12.7

Neutral detergent fibre (NDF) 34.3 33.7 30.9 29.8

Total digestible nutrient (TDN) 73.1 72.8 76.3 76.5

Metabolisable energy (ME, Mcal/Kg DM)
1/

2.65 2.64 2.76 2.77

Net energy for miantenance (NEM, Mcal/ kg

DM)
2/

1.73 1.74 1.83 1.84

Net energy for gain (NEG , Mcal/ kg DM)
2/

1.12 1.11 1.20 1.21
1/

 ME = 0.0362 * (% TDN)
2/

 Calculated from NRC (1988)
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��'
�%����'�0��

"
���7��
���B�(������!��'(�0� Table 3 ���=�)#���=���&B�(
����'�
������� 1.2 $�=���� NRC ������!�

�'(� $"�

$L>��
"
���7��
���B�(�=���-�'������ ���"
���7��
���B�(���!��'(��=���-�'���$���������*���=�)#0�

���=���&B�(
����'�
������� 1.0 $�=���� NRC (P<0.05) ��#=�$�=���� 6.98 �=� 6.3 kg/d, 2.7 �=� 2.5% ��� 109 �=� 100

g/W0.75 ����-���� ���#�(���������������� Waldo et al. (1997) ���$"?�$�
��������=�������'�
�(��=���'�


'�����*=�*���=� �U��-�0'(������
��
�=������B�(����=������+��=���
B'�+=�������'�
 �=��)#���=���&B�(
����'�


)"
���
���� 1.0 ��� 1.2 $�=���� NRC �-�0'("
���7��
���B�(���!��'(� $"�

$L>��
"
���7��
���B�(�=���-�'������

���"
���7��
���B�(���!��'(��=���-�'���$��������B�=����=����� (P>0.05) LU&����#�(���������������� Bagg

et al. (1985) Lana et al. (1997) ��� Devant et al. (2000) 0��7���& Lammers and Heinrchs (2000) ���=���'�


)"
����=���������*��U���-�0'($��&���
���B�( ��������� ���=�B�=��"Q��������
�������������)"
����=�"
���7

��
���B�(������!��'(� ���$"�

$L>��
��
���B�(�=���-�'�������������
����� +�������#�(����������� Amos

(1985)

"
���7��
���B�(�������������)"
���0� Table 3 ���=���
���B�(����������)A3���=��B�(0�)#���=�

��&B�(
��������� 1.0 ��� 1.2 $�=���� NRC )����#=�$6��&�$�=���� 4.6 ��� 5.3 kg/head/d (P< 0.05) ����-���� LU&�
����

���)"
���B�=��+��-�0'(��
���B�(��������������=����� (P>0.05) �-�'
����
���B�(���)"
���0�)#���=���&B�(
��

��'�
)"
��� 1.0 ��� 1.2 $�=���� NRC )����#=�$6��&�$�=���� 771 ��� 895 kg/head/d (P<0.05) ����-���� LU&�
����

�����'�
�������B�=��+��-�0'(��
���B�(���)"
���
������=����� (P>0.05) 0���
�����#
������$"?���
0'(���

���$�>���& ��
���B�(�U��U����*=���#����(����
����������
=����� )��$6�������
��&�-����$�
�M$���)����(����
����

����*���=�����
��&)�$�>������(� (NRC, 1996) ����
�������'�
$�%&�"
�����������������A��0�
=�����0'(���

#�(������A������(�� ���#����(����
��������������
$�� $�
��0��A���������&
(�� ����
�������'�
B�(��

�� (Bernabucci et al., 1999) ����-�0'(����
B�(
���������B�=$������ ������� 0��A�������
(����=��0�"
�$��B��

��
0'(��'�
��������*��U��-�0'(��
���B�(�*��(��

Table 3 Dry matter TDN and CP intakes of crossbred dairy heifers receiving 1.0 and 1.2 NRC

(1988) of TDN and CP

Treatment 1 2 3 4

Energy levels (NRC) (E) 1.0 1.0 1.2 1.2 E P E*P

Protein levels (NRC) (P) 1.0 1.2 1.0 1.2 SEM ----------     P    ---------

Dry matter (kg/cow/day) 6.38 6.23 6.98 6.97 0.31 0.008 0.72 0.75

% BW 2.5 2.5 2.7 2.7 0.05 0.000

1

0.98 0.91

DMI  (g/W0.75 ) 100 99 108 109 2.24 0.000

1

0.86 0.76

TDN (kg/cow/day) 4.68 4.54 5.33 5.33 0.24 0.001 0.69 0.69

(NRC) 1.04 1.03 1.18 1.18

CP (g/cow/day) 785 901 756 888 39.84 0.48 0.001 0.78

(NRC ) 1.02 1.20 0.97 1.15

DMI/ADG (kg/kg) 7.7 8.0 8.1 7.0 0.26 0.55 0.39 0.13

 ADG/DMI(g/kg) 133 129 127 148 11.72 0.45 0.33 0.15
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"
������A����
03(��'�
 (Table 3) ���=�
���������'�
����������)"
���B�=��+��=�"
������A��

��
03(��'�
 LU&�+���
�����������#�(���������������� Bagg et al. (1985) Lana et al. (1997) ��� Devant et
al. (2000) ��&�=�
���������'�
)"
���B�=��+��=�"
������A����
03(��'�
 ��= Lammers and Heinrchs (2000) ��

�=���
$��&�
����)"
����-�0'("
������A����
03(��'�
���U��

���*)�'#*�'���


���������'�
����������)"
���B�=��+��=���-�'������$6��&�������
��������)# (Table 4) ��=��+�

�=����
���
$�
�M$���)��=���� )��)#���=���&B�(
����'�
������� 1.2 ��� 1.0 $�=���� NRC �����
���
$�
�M$���)�

����=����� (P<0.05) ��&��#=�$6��&�$�=���� 0.93 ��� 0.81 ��)��
��/��� ����-���� LU&����#�(�����
��������

Daccarett et al. (1993) �=��
���������'�
)"
��� 1.0 ��� 1.2 $�=���� NRC ��+��=����
���
$�
�M$���)����)#

B�=����=����� (P>0.05) )����#=��=���� 0.85 ��� 0.90 kg/d ����-���� +���&B�(���#�(���������������� Devant

et al. (2000) ��� Lana et al. (1997) ���$"?�$�
���=�!(�)#�����������*���=���
03($�%&��-�
�3�� ���-�0'(����
����

$"?�B����0�$�%��$�%&�$��&��U�� 0��7���&)"
���������
����0�����=����&#���&��������������
 (Waldo et al., 1997,

Van Amburgh et al., 1998a ��� Fox et al., 1999) ���������
�����'�
��������*��U��-�0'(���
���
$�
�M$���)�$��&�

�*��U��

Table 4 Performances of crossbred dairy heifers fed 1.0 and 1.2 NRC (1988) of TDN and CP.

Treatment 1 2 3 4

Energy levels (NRC) ( E) 1.0 1.0 1.2 1.2 E P E*P

Protein levels (NRC) (P) 1.0 1.2 1.0 1.2 SEM ----------  P ---------

Initial empty body weight, kg 238 232 239 235 10.53 0.85 0.51 0.89

Average empty body weight, kg 257 250 258 257 10.91 0.61 0.62 0.70

 Average daily gain

(kg/cow/day)

0.83 0.79 0.86 1.00 0.06 0.021 0.27 0.066

�	�
��
�����������+
�����	

���+���
����� ���=�#����(����
����������)#�����0����=���&�U�	�����*���=� NRC (1988) ����-�

0���� Treatment �������0� Table 5

Table 5 Estimated energy requirement and energy intake of crossbred dairy heifers and adjusted

factors for

calculation of energy requirement compared with original factors used by NRC (1988).

Treatment 1 2 3 4

Energy levels (NRC) (E) 1.0 1.0 1.2 1.2

Protein levels (NRC) (P) 1.0 1.2 1.0 1.2

Intakes (Mcal/d)

   Net energy for maintenance (NEM) 5.86 5.74 6.68 5.94

   Net energy for gain (NEG) 3.35 3.23 4.00 4.51

Requirement (Mcal/d)

   Net energy for maintenance (NEM) 5.81 5.66 5.76 5.79

   Net energy for gain (NEG) 3.33 3.19 3.45 4.39

Factors

   Net energy for maintenance (NEM) 0.0862 0.0869 0.0997 0.887

   Net energy for gain (NEG) 0.0458 0.0456 0.0543 0.0469
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 Requirement-Intakes (Mcal/d)

   Net energy for maintenance (NEM) 0.09 0.16 1.74 0.36

   Net energy for gain (NEG) 0.02 0.04 0.55 0.12

Requirement/Intakes 0.99 0.99 0.86 0.97

�������$�%&��-�
�3����&)#���B�(�*���=� NRC ���$"?�$�
���=� 0�"
�$��B�����A���������&
(�� ����
��

�(������
"
����� "
����7'A*�����
=�����0'(#���&��*=$��� ���#���
(����&$����U�������
����

��=��Z A��0�
=��

����(��$"?�A�
�0'(���
=�������&���(���-�������B" �������(����
��������*���=�$�%&�
����#���
(��������


=�����$�%&��A������(������7'A*���*���*=��(� ���������#�7A����'�
����
 )��$6����%3��'�
����
LU&���#�7A���&-�

��=�0�$������=� �-�0'(����
�(��03(�������0���
'����=���*���=� ���0�������
'����=���>��$���#���
(�����

���L��$���*���=� �-�0'(����
�*M$�����������=�����B"�(�� 0��=������������$�%&���
$�
�M$���)���&�(����
�*���=� 

NRC ���� ���$"?�$�
��)#�������&03($"?�)#�*�+�� ��������
���
$�
�M$�%&�$"
���$"
���$�������)#�����
��(��&

$�����0��=��"
�$����(������$�
�M$���)��&-���=������-�'���)�$�>�����>�(����=��(�� �U��-�0'(�(����
�������$�%&�

$�
�M$���)���&�*���=� (NRC, 1996) ��� Table 5 ���=�)#��#����(����
������������$�%&���
$�
�M$���)����$�%&���


�-�
�3���*���=� NRC (1988)����-� ��&������=� factor ��&03(0���
#-���7'�#=��������������(���*���=��(�� LU&�#=� 

factor 03(#-���7'�#=�������������$�%&���
�-�
�3����& NRC ����-�$"?� 0.086 ��=�����
����� ����
!"
��#=� 

factor )����#=�$6��&�$�=���� 0.0904 �=��#=� factor �-�'
��#-���7'�#=�������������$�%&���
$�
�M$���)���& NRC ���

�-� #%� 0.045 �-�'
��)#��� small breeds ��=�����
��������=�����
!"
��#=� factor )����#=�$6��&�$�=���� 0.0482 

LU&����#�(���������������� Cheva-Isarakul and Promma (2541) ��&���=�)#����*�+����#����(����
�������

$�%&�$�
�M$���)��*���=� NRC ���������"
������A����
03(����������=� )#���=���&B�(
����'�
������� 1.0 $�=���� 

NRC ����"
������A����
03(��������*���=� (0.99 $������� 0.92)

Table 6 Estimated Protein requirement and protein intakes of crossbred dairy heifers.

Treatment 1 2 3 4

Energy levels (NRC) (E) 1.0 1.0 1.2 1.2

Protein levels (NRC) (P) 1.0 1.2 1.0 1.2

Intakes (g/d)

   Crude protein (CP) 785 901 756 888

   Rumen degradable protein (RDP) 416 475 402 473

  Undegradable ruminal protein (UDP) 487 561 467 548

  Absorbed protein  (AP) 437 535 396 502

Requirement (g/d)

  Crude protein (CP) 616 628 583 575

   Rumen degradable protein (RDP) 416 475 402 473

   Undegradable ruminal protein (UDP) 292 247 268 188

   Absorbed protein (AP) 473 471 446 423

Intake-Requirement (g/d)

   Crude protein (CP) 169 273 173 313

   Undegradable ruminal protein (UDP) 195 314 199 360

   Absorbed protein (AP) -36 64 -50 79
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�	�
��
����������+
�����	

���+���
����� (Table 6) ���=�#����(����
)"
����*���=���& NRC (1988) ����-�0�������=������ 

$�
��)#�����'�
)"
���B�(�*���=�#����(����
���)#��&#-���7B�(��� NRC "
���7 38.6 $"�

$L>��
 LU&�+�������

���#�(���������������� Cheva-Isarakul and Promma (2541) 0�)#���=���& 2 ��� 4 ���)"
���B�(�*���=���� ���

$"?�$�
���=�B�(
����'�
)"
����*� 1.2 $�=���� NRC ��=�����
��������B�(�
��$���� 1.18 $�=���� NRC ����������

$"?�$�
��$���#����(����
���)# ���#����(����
���)"
����U����*=�����������(�� �����$'>�B�(���$�%&�
����

��������*��U����
���B�(���)"
������3��������)�(����� '������
7�#����(����
)"
���
�����)"
����*�

LU���&#-���7��� NRC ���=�
����������������+��=�#����(����
)"
��� )����&������� 1.0 $�=���� NRC )#

�(����
)"
���
�����)"
����*�LU�$"?� 843 ��� 486 �
���=���� !(�)#B�(
����'�
������� 1.2 $�=���� NRC ��#=�

$�=���� 822 ��� 449 �
���=���� ����-���� $�
��$�%&�)#B�(
����'�
��������*�)#������
����$"?�B�����*��U���(�� 

�-�0'(��
����)"
���������=���&-��� (Fox et al., 1999) 0��7�$������� ���=�)#��&B�(
����'�
)"
����&-����-�0'()#

B�(
��)"
����*�LU�B�=$���������#����(����
LU&����"
���7 10.4 $"�

$L>��
 0��7���&)#���=�B�(
����'�


)"
����*�����B�(
��)"
���*�LU�$���#����(����
"
���7 16.2 $"�

$L>��
 ���$"?�$�
���=�)"
����*�LU��������


���������'�=� #%� ���)"
���B'�+=�� ������������
��
��&+=����B"��&�-�B�($�>� ���)#���=���&B�(
����'�
)"
���
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���B'�+=���(����=�)#���=���&B�(
����'�
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����*�

��$�

���+���
�����0'(��'�
��&������������)"
���$�=�����*�$�����=���& NRC ����-�B�( #%� 1.0 '
%� 1.2 

$�=���� NRC (1988; 100 '
%� 120% NRC) ���=� 
�������������&0'(��+��=�"
���7��
���B�(������!��'(����

���
���
$�
�M$���)����)#����� �=��
����)"
�����&0'(��+��-�0'("
���7��
���B�(������!��'(�������
���


$�
�M$���)�B�=����=�����

#����(����
����������)#����*�+�� ���=� )#��#����(����
�������$�%&���
�-�
�3�����$�%&���


$�
�M$���)��*���=� NRC ����-�"
���7 5 $"�

$L>��
 )�����+���
�����B�(#=� factor ��&03(#-���7�������$�%&�

�-�
�3��$6��&���#=�$�=���� 0.0904 ����-�'
���������$�%&���
$�
�M$���)���#=�$6��&�$�=���� 0.0482
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Appendix 15

Forage Plants for Dairy Cows in Thailand: Old Friends-New Faces

M. D. Hare

Forage Specialist, Faculty of Agriculture, Ubon Ratchathani University

Abstract

When planting forage plants, it is important to define the environment where the

plants are to be sown and to know the range of adaptation of each plant. The environment

description should include soil and climatic conditions and also farmer-controlled factors

such as fertiliser inputs, grazing pressure (number of cows per rai), system of

management (cut and carry or grazing) and the management skills of the farmer.

Smalholder dairy farmers in Thailand have a choice of many different grasses and

legumes to grow on their farms. Grasses and legumes should be planted separately for

ease of management and for maximum production. For farms on acid, upland, well

drained soils, the following species are recommended: signal grass, brizantha, Jarra digit,

Tha Phra stylo, hamata stylo, siratro and specialist crops of Cavalcade if land is available.

On soils that are waterlogged from time to time, Ubon paspalum, Splenda setaria and

specialist areas of para grass (ponded areas) and llanos macro are recommended. On

fertile, well drained soils, guinea grass, napier grass, ruzi grass and specialist areas of

leucaena and lablab are recommended species, and in the future burgundy bean and

Endurance lablab if they prove suitable. Signal grass would be the best grass to grow

under trees along with small areas of green panic on better soils.

Introduction

This paper is about forage plants to feed dairy cows in Thailand. I want people to

start thinking seriously that Thailand can indeed produce milk from forage plants without

the need to feed cows extra concentrate supplements. This is the challenge facing dairy

farmers and the dairy industry in Thailand. If there is not a serious effort to increase

forage production in Thailand and drastically reduce the dairy cow reliance on

concentrate supplements, the dairy industry will become less and less profitable and will

enter a serious crisis in the next few years.

This is because many other countries can produce milk a lot cheaper than

Thailand currently can. For example, New Zealand farmers are paid 6-7 baht per kg of

fresh milk and each dairy farmer makes a net profit of 1-1.5 million baht per year after

tax. With reduced tariffs, WTO regulations and bilateral trade agreements between

Thailand and other countries, milk prices will probably decrease rather than increase. If

Thailand wants other countries to reduce tariffs on goods produced here (cars, textiles,

electronic goods etc) then those countries will want Thailand to reduce tariffs on

agricultural goods like milk powder. Already Australia and New Zealand have asked

Thailand about this. Therefore in order for Thai dairy products to compete, the prices pay

to farmers may to have to come down and the farmers will have to reduce their operating

costs to become economically viable. Currently their greatest farm costs are in the

purchase of concentrate supplements.
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Healthy land-healthy cows

We have an obligation to future generations to keep farm land productive at a

level that can be sustained indefinitely. We must pay particular attention to the soil. If we

have healthy forage plants growing on top of the soil then the soil profile below should

also be healthy.

A problem in Thailand is that many dairy farms are on very, very poor soils. In

Australia soil levels of 0.08% for total nitrogen and 10 ppm for available phosphorus

represent the minimum levels for dairy farming soils. In northeast Thailand many dairy

farms are on soils with soil levels of 0.03% for total nitrogen and 4 ppm for available

phosphorus. The best soils in northeast Thailand with levels of 0.1% for total nitrogen

and 35 ppm for available phosphorus are used for cropping and horticulture. Nitrogen and

phosphorus are the nutrients required in the largest quantities by forage plants and are

also critical for animal growth and metabolism. If fertilisers are not applied the forage

plants will have very low crude protein levels, <6%, and milk production from dairy

cows will be low. At Ubon Ratchathani University our research has shown that nitrogen

fertiliser must be applied every 30 days in the wet season to maintain crude protein levels

above 7% (Hare et al. 1999).

The easiest solution would be to recommend that all dairy farms be only on the

good soils where forage plants will be productive and high in crude protein. But this is

unrealistic as farmers on poor soils want to milk dairy cows. We therefore must look at

which plants can produce large quantities of quality forage on poor soils without a lot of

chemical fertiliser. We know that most small holder dairy farmers will not spent a lot of

money on chemical fertilisers.

We must plant both grasses and legumes, though I would recommend as

monocultures as mixed pastures generally have not been successful in Thailand. Grasses

will repair soil structure and legumes will provide free nitrogen. Grasses will provide the

carbohydrates and legumes the protein. Dairy cows are like people in that they need a

range of different foods in their diet. Dependence on a single species invites risk. In

Brazil too much signal grass was grown and large areas were infected with spittle bug.

We all know about psyllid and leucaena and anthracnose and stylos.

Healthy cows-healthy milk

The rich countries have invented plant hormones and genetically modified plants

(GMO plants) but more and more people in these rich countries will not eat GMO food

and they will pay more money to eat organic foods. With the recent mad-cow disease

outbreaks, which have probably been caused by animal-protein concentrates, people are

also demanding that milk and milk products be produced from cows only feed forage

plants. Many Europeans want to buy organic milk and organic yogurt. In Austria, 10% of

agriculture is now organic and it is heavily subsidized by the government. Plant-based

concentrates may have GMO plants in the mixtures and animal-based concentrates may

have a risk of mad-cow disease. In Thailand, even if our cows are not feed animal-based

concentrates there is a very good chance that the plant-protein concentrates have GMO

plants in the mixtures because of the high importation of soybeans from the USA into

Thailand.

Milk also has to be clean and good on all fronts. In the future as consumers get

more demanding they will not buy milk contaminated by inappropriate feeding or from

cows exposed to chemicals and dirty, unsanitary conditions. We must be kind to our
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cows. Too many cows in Thailand are keep in muddy yards under hot iron roofs. Friesian

cows are from cool-temperate countries where they are either grazed on clean fresh

pastures and if inside, in clean well-washed cool sheds. We can not expect cows to

produce quality milk when they are kept under hot, poor conditions.

In Thailand too much attention has been paid on the output of milk per cow and

not enough attention has been made to economic dairy farm viability and output per rai.

Do we need to have cows producing 20 litres/cow/day when we have to feed them a lot of

concentrates? Wouldn’t it be better to have cows producing 7-8 litres/cow/day and feed

only fresh grass and fresh legumes.

However, another problem in Thailand is that many dairy farmers do not have

enough land to grow all the forage for their cows. They have to buy in extra forage, cut it

from roadsides or waste areas, or lease extra land for forage production. For these farmers

it is easier to buy concentrate supplements even if they are expensive.

Selecting the right forage plants

When planting forage plants, it is important to define the environment where the

plants are to be sown and to know the range of adaptation of each plant. The environment

description should include soil and climatic conditions and also farmer-controlled factors

such as fertiliser inputs, grazing pressure (number of cows per rai), system of

management (cut and carry or grazing) and the management skills of the farmer.

In addition, in Thailand it is important to know whether the farmer is a full-time farmer or

a businessman who is dairy farming as a kind of hobby with only labourers looking after

the cows. The latter usually do not have the skills to manage long-term pastures.

In this paper I will discuss forage plants that have been planted a long time in

Thailand as “Old Friends” and plants that are only just been introduced or are still in the

evaluation stage as “New Faces”.

“Old Friends”

Grasses

Guinea grass (Panicum maximum)

Purple guinea is the most popular guinea grass grown in Thailand but some

farmers still grow small areas of Hamil guinea. Common guinea is ingenious in many

parts of central and northern Thailand, growing along roadsides and in orchard areas

where it is cut and carried to dairy cows.

Purple guinea is a very productive, high quality grass for dairy cows. It is suitable

for cut and carry forage and for silage making. However, it requires high soil fertility to

be productive and regular applications of fertiliser to maintain good growth. It grows best

on well drained fertile soils. It does not tolerate waterlogging, long dry seasons and

frequent hard grazing. It is a grass that requires good management skills and high inputs

to remain productive in long-term pastures. It is not a grass for poor sandy soils.

Purple guinea can be grown from tillers or seed. Seed is available from the

Department of Livestock Development.

Napier grass (Pennisetum purpureum)

Common napier and King napier (P. purpureum x P. glaucum) are very tall

grasses suited to cut and carry production. Mott napier or dwarf napier has many more

tillers and is a lot leafier than common napier. It can be both cut and grazed.
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Napier grasses are the most productive grasses in Thailand, producing high

quality palatable forage. But they only grow well on good soils with fertiliser. They grow

very poorly on poor soils without fertiliser and they do not tolerate waterlogging or dry

conditions. They require very careful management to maintain long-term production. On

good soils with fertiliser in central Thailand, dairy farmers have found napier to be very

productive. Napier must be irrigated in the dry season. Napier must be well-managed and

cut frequently (every 30-40 days) to produce leafy swards. They can quickly become

stemmy and lose quality if left uncut longer than 40 days in the wet season.

Napier grass is nearly always planted by tillers.

Ruzi grass (Brachiaria ruziziensis)

Ruzi grass is the most commonly grown grass in Thailand, mainly because seed is

readily available from the Department of Livestock Development. It is a nutritious, good

quality grass readily eaten by dairy cows.

Ruzi grows best on well-drained, fertile soils in high rainfall areas. It does not

grow well on poor soils, waterlogged soils and in areas with a long dry season. Many

farmers in northeast Thailand treat ruzi as an annual because it dies over the long dry

season. On poor soils without fertiliser it quickly becomes weak and can die out within

two years. Smallholder dairy farmers have found it difficult to maintain long-term ruzi

pastures in northeast Thailand.

Because of the large quantities of seed produced ruzi grass will continue to be an

important forage for dairy farmers in Thailand but it requires careful management to

maintain long-term production.

Para grass (Brachiaria mutica)

Para grass remains one of the best grasses for waterlogged, ponded areas. It is

now indigenous along streams and canals in central Thailand where it is a source of daily

cut and carry forage for dairy farmers. The farmers in central Thailand recognize the

quality of para grass for their dairy cows even if they do not grow it on their own land.

The limitations of para grass are its low tolerance to dry conditions, dislike of

hard grazing or frequent low cutting, and if left uncut for long periods it quickly becomes

very stemmy and unpalatable.

However, even though para grass may not be planted by dairy farmers, it will

remain an important forage cut from around wet areas, ponds, streams and canals in many

parts of Thailand where it has become naturalized.

Green panic (Panicum maximum var. trichoglume)

Green panic has been forgotten by many dairy farmers in Thailand. It is a very

productive grass, producing high quality forage and in northern Queeensland and Hawaii

is a very important dairy farm forage grass. It grows well on both fertile and poor soils

and responds well to fertiliser. It is moderately tolerant of both drought and waterlogging.

It is one of the better grasses for growing under trees because of its shade tolerance.

Many smallholder dairy farmers in Thailand have trees or orchard areas on their

farms where they also grow grass for their cows as cut and carry forage. Green panic fits

into orchard forage production well because of its shade tolerance. For this reason, Green

panic production should be encouraged more in Thailand. Seed production is relatively

easy with 2-3 harvests in the wet season. Green panic can also be grown from tillers.
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Rhodes grass (Chloris gayana)

Rhodes grass is another species that seems to have been forgotten by dairy

farmers in Thailand. There are several cultivars but Callide or giant rhodes grass, a

tetraploid, is the most suitable for dairy farming farmers in Thailand.

Rhodes grass can grow on a range of soils from heavy clays to sandy loams. It

will tolerate fire, a long dry season, and some waterlogging. It is also the most tolerant

grass to salty soils of the species I will discuss in this paper.

Rhodes grass can be hard grazed and cut frequently to maintain the nutritive value

which will decline rapidly if it becomes stemmy or flowers. I believe that rhodes grass

should be promoted more among dairy farms which have salty soils.

Callide rhodes grass produces seed at the end of the wet season at a similar time

to ruzi grass.

Legumes

Verano stylo (Stylosanthes hamata cv. Verano)

Verano stylo or hamata stylo, is still the most persistent forage legume in Thailand. It

grows on all kinds of soils and along roadsides and in waste areas. Because of its heavy

seed set, hamata stylo regrows each year and contributes greatly to long-term forage

production.

It is best grown in pure swards because in mixed grass pastures that are fertilised,

the grasses tend to dominate. Hamata stylo is still one of the best legumes to grow on

sandy soils. Some dairy farmers find that hamata stylo does not produce enough dry

matter when compared to some of the grasses but on sandy, poor soils it produces more

dry matter than most species. Hamata stylo is mainly grazed but dairy farmers who know

that it is a high protein legume selectively cut it from along roadsides.

Seed is readily available from the Department of Livestock Development (DLD).

Leucaena (Leucaena leucocephala)

Leucaena is the most productive legume growing on dairy farms in tropical

Australia where nearly 500,000 rai of the subspecies L. leucocephala var. glabrata
cultivar Taramba have been planted. Even though common leucaena (L. leucocephala
var. leucocephala) is found throughout Thailand very little stands of leucaena are planted

by dairy farmers. This is surprising as leucaena is one of the highest crude protein forage

plants.

The main problem with forage production of leucaena in Thailand is its poor

performance on acid, sandy, low fertility soils. It also does not like waterlogging. From

seed, leucaena grows very slowly compared to other legumes and grasses. The

establishment and management of leucaena for smallholder dairy farmers in Thailand

requires more study.

However, if farmers are able to vegetatively hand plant pangola grass tillers and

millions of tillers of vetiver grass in Thailand every year, then there should be no reason

why a large scale extension programme on planting leucaena plants could not develop.

The Department of Land Development use their centres to produce millions of vetiver

grass plants every year. The Department of Livestock Development could similarly use

the forage centres to produce millions of leucaena plants.

There should be more promotion in planting leucaena for high protein dairy cow

forage in Thailand. No other legume currently in use in Thailand has as high a crude

protein content as leucaena.
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Siratro (Macroptilium atropurpureum)

Even though Siratro has become a forgotten legume in Thailand it is still a very

useful legume for dairy farmers on upland, well-drained, sandy loam soils. It is a very

palatable and nutritious legume and has the ability to fix a lot of nitrogen.

It has a wide area of adaptation and following wide spread oversowing 25 years

ago by the DLD, it is now indigenous along roadsides and in many undergrazed areas in

Thailand. At Ubon Ratchathani University it is found along roadsides and around

buildings.

One of the problems with siratro is that its yield declines quickly under frequent

cutting and it does not tolerate long periods of heavy grazing. It is also susceptible to a

range of leaf blights, rust, root rot and aphid and insect attacks. Aztec siratro has been

bred for rust resistance and seed is available in small amounts from Ubon Ratchathani

University.

Under controlled rotational grazing or careful cutting siratro is still a very

valuable legume for dairy farmers to grow in Thailand.

Centro (Centrosema pubescens)

Centro is another very useful legume that has become forgotten by many dairy

farmers in Thailand. It prefers medium to high rainfall areas but we have observed it

growing very well over the dry season with little moisture. It also is one of the better

legumes for growing under trees because of its shade tolerance. It will tolerate low-

fertility acid soils and will grow on much wetter soils than stylos and siratro.

It seems to persist for many years in well-managed grazed pastures but under

frequent cut and carry systems it is not very stable. I would recommend centro to dairy

farmers whose farms are on wet soils or who have a lot of trees. Centro is a good legume

to grow on areas where cow shed effluent is disposed. In Thailand centro seed is

available in small quantities from the DLD. New lines of centro are currently being

evaluated by the DLD.

“New Faces”

Grasses

Ubon paspalum (Paspalum atratum)

Ubon paspalum is the most persistent and productive grass on wet waterlogged

soils that dry out during the dry season. This ability to tolerate both wet and dry soil

conditions makes it a versatile grass for dairy farms on former rice paddy land. It grows

well on acid infertile soils. However, it will die out on very sandy soils that lose moisture

quickly during the dry season. It is not recommended for upland sandy soils in low

rainfall areas.

Ubon paspalum is well liked by many small holder dairy farmers in northeast

Thailand because it is easy to grow from both seed and tillers; easy to cut because it is an

upright plant; can be either grazed or cut; regrows very rapidly after each cut and is

persistent. Its main draw back is that it is relatively low in crude protein compared to

other tropical grasses unless it is grown on fertile soils or is frequently fertilised when

grown on poor soils. Dairy farmers growing Ubon paspalum will have to grow plots of

forage legumes to mix with the grass to increase the forage quality.

Seed is readily available from Ubon Ratchathani University and the DLD.
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Signal grass (Brachiaria decumbens)

Signal grass has long been recognised as the best grass for growing in northeast

Thailand because of its persistent to heavy grazing and frequent cutting and its tolerance

to long dry periods. In most areas it will remain green throughout the dry season. Signal

grass grows better than ruzi in dry conditions; it grows better than ruzi in waterlogged

areas; it grows better than ruzi under heavy grazing; it grows better than ruzi on poor

soils with low rates of fertiliser. It also grows very well under trees.

Seed production has been the major drawback in promoting signal grass in

Thailand. Whereas ruzi grass seed is easy to harvest, signal grass seed production is very

difficult, producing low seed yields over 3-4 months during the wet season and what seed

is harvested is usually very low in germination.

Ubon Ratchathani University has recently made a break through with signal grass

seed production and located an area where good yields of high germination seed is

possible of an accession called Warin signal grass. Small quantities of Warin signal grass

will be available from Ubon Ratchathani University next year.

Brizantha (Brachiaria brizantha)

Brizantha is the most widely grown tropical grass in Brazil. It is generally more

productive than signal grass and is resistant to diseases and pests. Like signal grass,

brizantha is drought tolerant, grows under trees and can be either cut or grazed. It is a

very persistent grass and if managed well, pastures should last for decades.

Brizantha has been studied in Thailand in the past but because of poor seed

production, pastures have not been established by farmers. However, the pasture research

team at Ubon Ratchathani University are now establishing plants of the best seed

producing brizantha cultivar from Brazil, CIAT 26110, and if all goes well, seed of this

cultivar will be available to Thai dairy farmers in 3 years time.

I believe that both signal grass and brizantha within the next 5 years will become

the most important grasses in Thailand for smallholder dairy farmers on poor dry, upland,

sandy soils. The challenge to us is to produce enough seed of high quality to meet the

demand.

Pangola grass (Digitaria eriantha)

Pangola grass is considered one of the higher quality tropical grasses with crude

protein levels ranging from 8-14%. It has excellent palatability when young and is well

liked by dairy cows in Thailand. Milk yields of 6000 kg/ha/year have been recorded.

Pangola grass will tolerate periods of waterlogging but not flooding. In Thailand it is not

be very productive during the dry season but it will survive.

Pangola grass will grow on a range of soil types but it performs better on fertile

soils. It responses very well to nitrogen fertiliser. Currently pangola grass is being

promoted by the DLD and CP company as a grass for sale to dairy farmers by

commercial grass farmers. Both fresh grass and hay are produced and sold.

The main problem with pangola grass is its lack of seed production. All pangola

grass pastures in Thailand have to be planted vegetatively. This limits its expansion. The

two seed producing cultivars in Australia, Advance and Premier, appear to be not as

productive and vigorous as the non-seeding genotype used in Thailand. Another problem

encountered overseas is the susceptibility of pangola grass to rust, stunt virus and insect

attack. I am not sure if the genotype used in Thailand has similar disease and pest

problems
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Well managed pangola pastures that are fertilised and irrigated can be cut

frequently or hard grazed. Pastures will last about 5 years after which the pastures can

become very dense and turf-bound and lose productivity. Pangola grass cuttings can be

obtained from DLD centres in some provinces and from the CP company.

Jarra digit grass (Digitaria milanjiana)

Jarra digit grass is similar to pangola grass but is a species with considerable

potential in Thailand because it produces seed. It is a high quality grass with crude

protein levels ranging from 9-18% depending on soil type and management. Friesian

cows grazing Jarra digit without supplementation have produced milk yields of 16.4

kg/day.

Jarra digit is a very palatable grass and in recent trials in Australia it is grazed in

preference to pangola grass. Jarra digit also establishes more rapidly than pangola grass

and can be established from either seed or cuttings. Jarra digit will tolerate hard grazing

and frequent cutting.

This persistent grass is not susceptible to rust and pests like pangola grass. At

Ubon Ratchathani University it will tolerate short periods of waterlogging and will

survive long dry periods but will not be as productive as either signal grass or brizantha

during the dry season.

Small quantities of rootstock can be obtained from Ubon Ratchathani University

and seed may be available in the future.

Splenda setaria (Setaria sphacelata var. splendida)

Splenda setaria is one of the most palatable tropical grasses in Thailand and in

mixed swards, dairy cows graze Splenda setaria first before grazing other species.

Splenda setaria is more leafy and less stemmy than the older setaria cultivars used

previously in Thailand. Splenda setaria is tolerant to long periods of waterlogging and

even short periods of flooding. It has drought tolerance, though not as much as signal

grass and brizantha.

At Ubon Ratchathani University Splenda setaria pastures are still productive after

5 years, surviving both waterlogging and drought. Splenda setaria grows better on low

lying loam soils than on upland sandy soils and prefers higher rainfall areas.

We have produced good quality seed at the university and small amounts are

available for sale.

Legumes

Tha Phra stylo (Stylosanthes guianensis)

Tha Phra stylo (CIAT 184) is one of the most productive perennial legumes for

upland, sandy, acid soils in Thailand. It is high in crude protein (18-25%) and it stays

green throughout the dry season, providing high quality forage in times of dry season

forage storage. It is a valuable protein bank.

Tha Phra stylo under intense frequent cutting and hard grazing usually only

persists for 2-3 years. Under less frequent cutting and lax grazing Tha Phra stylo pastures

will remain productive for up to 10 years. A good management strategy for dairy farmers

is to cut Tha Phra stylo lightly in the wet season to keep it leafy rather than stemmy and

then use it to feed dairy cows in times of dry season feed storage. It is the best high

quality dry season forage for low fertility, acid, sandy soils in Thailand. It grows where

leucaena will not grow.
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Currently, Tha Phra stylo is resistant to anthracnose but it may one day become

susceptible . Ubon Ratchathani University is evaluating another stylo which has greater

resistance to anthracnose and small quantities of seed of this cultivar, Ubon stylo, are

available for sale.

Cavalcade (Centrosema pascuorum)

Cavalcade is an annual twinning legume which is being promoted by the DLD in

Thailand for hay production. However, hay production during the growing season (wet

season) is difficult and so hay must be produced in November and December. If there is

an abrupt early ending of the rains in October some Cavalcade hay fields can very

quickly dry off and lose dry matter yields.

Some dairy farmers plant Cavalcade for fresh forage production. Cavalcade,

unlike the stylos, retains its leaves following cutting and so maintains its quality even if it

has been cut for several days. It grows on a range of soil types but it does not tolerate

long periods of waterlogging.

Cavalcade is a specialist forage legume crop that dairy farmers will grow to

provide protein rich wet season forage or hay when cut early in the dry season. Seed is

available from the DLD.

Llanos macro (Macroptilium gracile cv. Maldonado)

Llanos macro is a short-lived (1-3 years), twinning legume that grows very

vigorously in the first season. It has been the most productive legume in the first year of

establishment on waterlogged soils at Ubon Ratchathani University. A key to its survival

from year to year is to stop cutting and grazing from December to February to let it

flower and set seed. Following the first rains at the beginning of the wet season it will

reestablish from fallen seed.

Llanos macro is suited to wet low lying areas. Dairy farmers who have small areas

of such land will find that llanos macro will grow very well on such sites whereas other

legumes will not survive waterlogging. We have also found that llanos macro grows well

together with Tha Phra stylo on more elevated sites. Small quantities of seed are available

from Ubon Ratchathani University.

Lablab (Lablab purureus)

Lablab is an annual legume which provides high quality, protein-rich forage. Even

though it is an “old friend” I am calling it a “new face” because it still is not used widely

by smallholder dairy farmers in Thailand. The main limitations of lablab are that requires

good soils to be productive, does not grow well on sandy, acid, low fertility soils, does

not always recover well after the first cut, does not tolerate waterlogging and has a short

life (4-7 months).

However, dairy farmers on good soils in Thailand may plant small areas of lablab

as protein-rich forage for the wet season.

A new perennial lablab cultivar, cv. Endurance, has recently been developed by

the CSIRO in Australia. This cultivar is slightly less productive than the annual lablab but

it can persist under cutting or grazing for at least 2 years. This is good news for Thai

dairy farmers currently growing lablab because now Endurance lablab will produce high

quality dry season production especially under irrigation.

Ubon Ratchathani University is starting a small research programme to evaluate

cv. Endurance. Seed multiplication will be included in this programme.

Burgundy bean (Macroptilium bracteatum)
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Burgundy bean is another new perennial legume from Australia that may be

suitable for dairy farmers on better soils in Thailand. Burgundy bean has similar flowers

to siratro. Burgundy bean is a very palatable legume that is persistent (2-3 years) and

produces high seed yields. It has the potential to built up soil fertility.

Ubon Ratchathani University will start evaluating Burgundy bean in small plots

this wet season.

Conclusion

Smalholder dairy farmers in Thailand have a choice of many different grasses and

legumes to grow on their farms. Grasses and legumes should be planted separately for

ease of management and for maximum production. For farms on acid, upland, well

drained soils, I would recommend signal grass, brizantha, Jarra digit, Tha Phra stylo,

hamata stylo, siratro and specialist crops of Cavalcade if land is available. On soils that

are waterlogged from time to time, I would recommend Ubon paspalum, Splenda setaria

and specialist areas of para grass (ponded areas) and llanos macro. On fertile, well

drained soils, I would recommend guinea grass, napier grass, ruzi grass and specialist

areas of leucaena and lablab and in the future burgundy bean and Endurance lablab if

they prove suitable. Signal grass would be the best grass to grow under trees with small

areas of green panic.

Pasture research generally receives less research money than other agricultural

crops and is usually the last to be financed. We therefore must do the best we can within

limited budgets. However, we must not stand still. New pests and diseases do not stand

still and they can adapt to attack plants we thought were resistant. Tropical forage plants

are still in the pioneering experimental stage of development, and it is too early to expect

them to be stable against all insects and diseases. That is why we need a greater diversity

of forage plants in Thailand.

But we have to be very careful in what we introduce, release and promote to

trusting farmers. We do not want more weeds like communism grass.

It is the right time to vigorously promote forage production for dairy farmers in

Thailand and to try and reduce their dependence on supplementary concentrate feeding.

For healthy cows and clean milk production in Thailand we as forage specialists are in

the right place at the right time.
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Abstract

The experiment was conducted to examine energy and protein requirements of Thai dairy cattle. There 

were four treatment combinations of two main factors, energy (Total digestible nutrient, TDN) and crude protein 

(CP) each of these factors had two levels of 1.0 and 1.2 times the recommended of feeding standard for dairy cattle 

from the National Research Council (NRC, 1988). The treatments were as follows (TDN:CP); T1 (1.0:1.0), T2 

(1.0:1.2), T3 (1.2:1.0) and T4 (1.2:1.2). Sixteen Holstein friesian crossbred (75-87.5 %HF blood) cows were 

allocated to a 2 x 2 factorial arrangement in a randomized complete block design (RCBD) with 4 animals per 

treatment. The experiment had two 5-week with each period divided into the 1st week was adjustment and 4 

consecutive weeks was collecting time. After the first 5-week period, the same group of animals were randomized 

again to the new treatment and the 5-week procedure repeated. Cows were received Ubon paspalum (Paspalum 
atratum cv. Ubon) grass silage as basal roughage. Soybean meal and ground corn were supplemented to meet 

energy and protein requirements. Data from two periods were pooled for analysis of variance. The results showed 

that dry matter feed intake as % of body weight and g DM/ W 0.75 was higher (P<0.05) in cows fed 1.2 CP group 

than 1.0 CP group (3.75 vs 3.53% and 168 vs 160 g DM/W 0.75). However body weight change, milk yield and milk 

composition were not affected (P>0.05) by energy or protein levels. No interaction of energy and protein was found 

in this study. For the 4 treatments the average milk yields were 12.18, 11.66, 11.79 and 11.48 kg/d., milk fat 

contents were 4.38, 4.52, 4.49 and 4.31%, milk protein levels were 3.47, 3.59, 3.53 and 3.48%, milk lactose levels 

were 4.99, 4.73, 4.87 and 4.72% and solid-not fat concentrations were 9.17, 9.09, 9.15 and 8.98%. The average daily 

liveweights gain were 0.86, 0.91, 1.09 and 0.55 kg/d for treatment 1-4 respectively. The preliminary conclusion 

from this experiment found that there were no beneficial responses with the additional of 1.2 level of NRC feeding 

recommendation in either energy or protein or both in Thai dairy cattle. Roughage and concentrate ratios and crude 

fiber contents in the diets are also discussed.

Key words: dairy feed, nutrient requirements, feed evaluation
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�������"�=��0'('M(�$�
�M$���)�0'�=������B�("
���7 40-45 ��� (#���3%��"
���7 25-30%)  �U�03($#
%&�����'M(�

3�����0������� 2 #
��� (double chopper) ���  ��(��-�B"'���0��=�#���
�� (trench silo) ���� 2 x 3 x 1.8 $��
3

�-���� 6 �=�  ���!�������������0'M=$�(�+=��*��
���� 1.5 �. �*� 2 $��
 (�

��'M(�'���B�("
���7 600 ��./!��) 

�-���� 12 0�  ��
'�����03(�
�#��&-����������3���  3����� 200 ��. ���'�=�����$�(�����B"0����
� 5% )����-�

'�����  '�������B�(��=���(�� 30 ����=���-���03($���������
  )���-���
'���'M(�0�3=�������& 5-15 �
���#� 2543

��'�
�(� 03(�(��)����$"?��'�=��������  ������!�&�$'�%��$"?��'�=�)"
���  ����
$�
�������������
=

���� (premixes) �-�'
��)#��&���-�'�=��0��(������  )��$�
��0'(0����
���&$�������=�#����(����
�����&-����)#��
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������
0'(��'�
  ��0'(+�����������'�
'���  ��'�
�(�  ����������-�
=����  0�
*"�����&$
����=���'�


+��#
��=�� (Total Mixed Ration, TMR)  )����=�0'(����� 2 �%��$�=�Z ���  $3(����$�>� $��� 08.00 �. ��� 16.00 �. 

)�����)#B�(0�#��+*��%�)
�  ��
����-����
����'�
0'(���$6������

��
#-���7�*�
��'�
  �-���
"
����'�
0'($"?�
�������"��'
�� 1 #
���  LU&�#-���70'(�����
$"��&��

�"����-�'������  "
���7��-���  ���$"�

$L>��
B������  �������#-���70'()#����
$��&���-�'������0����
� 0.25 

��)��
��/���  )��03(�(��*������"��'
��&+=����  ��
#-���703()"
��
�#�����$��

�-�$
>�
*" XRATION  ��&��^��

)����#��  (1999)

����
�����  03()#
���������
�*�+������-� (Holstein Friesian) �-���� 16 ���$"?�)#��&��
����$�%�������


����-� 75-87.5%  ����$6��&���*=0�3=�� 3-4 "�  ��-�'������$6��&� 410 ��)��
��  $#�0'(������(� (lactation number) 2-3

#
���  �-�������'���#����*�$6��&� 82 ���  LU&�+=��
�����
0'(���*���� (peak of lactation) ����(�  LU&�)#$'�=����0'(+�

+�����-�����*=0�3=��"
���7 10-15 ��)��
��/���

�+���
��������������
$�>��(��*�  ����
��$���
��� Factorial arrangement ����+���
�������� 

Randomized Complete Block Design (RCBD)  ��=���
��������$"?� 2 #�� (period) 0���=��#����=�)#0'(B�(
��

��'�
������
��$���
�� 4 ���  03($���#���� 5 ��"��'
  ��=�$"?�
���"
������
 1 ��"��'
  ���
���$�>��(��*� 4 

��"��'
  $�%&��-���
�����#
� 1 #������=�����
$�(�
����'�
�����0'�=  ��(��-�$�����
�����$'�%��$������#
���  

�-��(��*���&B�(������� 2 #����
�������(���$#
��'
#����"
"
�� (Analysis of variance) �����&������  �������

���������� (TDN) ����������)"
��� (CP)  ���"Q��������
 (Interaction) 
�'�=������������)"
��� (E*P)

(Morris, 1999) �(��*��=��Z ��&$�>�0���=��#��"
�����(��

� "
���7��'�
��&��������&$'�%� (!(���)������  )��$�>�$"?�
�����

� "
���7��-���������  $3(�-$�>�

� ��
$"��&���"����-�'�����������"��'
  )��3�&���-�'���)#'������
����$3(�-$�>�  $"?�$��� 2 �������=����  


��$"?� 4 #
�����(��-���'�#=�$6��&�

� $�>������=����-���$�%&���$#
��'
'��=��"
�������$#��  )��$�>������=������&
��0����$3(����$�>�  $"?�

$��� 2 �������=����  
��$"?� 4 #
�����(��-���'�#=�$6��&�  �=��"
�������$#���-���
��$#
��'
B�(��= Fat, 

Protein, Lactose ��� Solid not fat (SNF) �(��$#
%&�� Near Infrared (Milko Scan)

�����	')��%&

�(��*���&03(0���
#-���7�*�
��'�
)#�����  ���#=�$6��&���+���
#-���7"
���7)A3����&�-�'��0'(

����
B�(
��0���=�����  ����0� Table 1

��'
�%����'�0��+
�
�,��

��
�-��(��*���� Table 1 B""
�����*�
��'�
)���-�'��0'()#��"
���7��
���B�(������!��'(�$�=������&

#-���7B�(����  ��$���"@M'���&�(��03(��'�
�(��*�$���B" (�����=� 70%) ��B�=����
!"
��
����$�%&�0� ADF B�(  ����
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���$�%&����'�
'�����&03(�����*=0�"
�$A�#�7A��"������  LU&��(��03(��'�
�(�0�"
���7���)#�U���B�(
���������

���)"
��������&�(����
  �������$�%&�
��	�
�������$�%&�0�0���'�
'
%�����=�������'�
'���B�=0'(�&-�$���B"  �U�

B�($��&�����=�����'M(�'���0��*�
��'�

��  LU&��-�0'("
���7��
���B�(������!��'(��*���=���&#-���7B�(  ����=��


�'�=����'�
'����=���'�
�(�0�)#�
��$���
��& 1, 2 ��� 3 ����'�
�(���*=0�����=�� 55 !U� 62% LU&�!%��=���*=0�

$�7�
��&B�=�*�$���B"   �=��)#)#���=���&B�(
��������� TDN ��� CP 
���� 1.2  B�(
����'�
�(� 64%  ����=�$"?����

�=����&#=���(���*� (Table 1)  �����$�%&�0� ADF ��*=
�'�=�� 18-22% 0��($#������
������&����-�)�� NRC ��&�-�'��

$"�

$L>��
 ADF �����&-�B�(��& 22%  0��7���&��#�� ���#7� (2541) ��&����-�$"�

$L>��
 ADF �����&-��-�'
��)#���*�

+������-�0�"
�$��B��B�(��& 29-30%

���+���
�����3��0'($'>��=�  "
���7��
���B�(������!��'(�#��$"?� ��)��
��/���/��� ��#=�$6��&���*=0�3=�� 

14-15 ��)��
��/���  )��B�=��#�������=����=��������-�#�M (Table 2)  ��=$�%&�#��0�
*"$"�

$L>��
�����-�'������  ��� 

gDM/W 0.75 ���=�  ��
$��&�)"
����U����� 20% ���#-�����-���� NRC ��+��-�0'()#�����'�
B�($��&��U�� (P<0.05)

)����#=�$6��&����"
���7��
���B�(0�
*"$"�

$L>��
�����-�'������ ��� gDM/W 0.75  $�=���� 3.75 vs 3.53%  ��� 168 

vs 160 gDM/W 0.75 0�)#���=���&B�(
����'�
 CP 
���� 1.2 ��� 1.0 ����-����

             Table 1 Feed formulation and daily nutrients determined.

TDN 1.0 TDN 1.2

Crude Protein 1.0 1.2 1.0 1.2

Treatment (1) (2) (3) (4)

Feed Formulation

   Cows weight 427 396 421 411

   Milk yield, kg/d 13.57 11.43 12.46 13.07

   Milk fat, % 4.29 4.36 4.34 4.24

Nutrient intake

   KgDM 13.01 13.51 12.70 14.24

   % of Body weight 3.06 3.51 3.08 3.52

   TDN, kg 8.90 9.64 8.63 10.32

   Crude protein, kg 1.93 1.75 2.21 2.24

   ADF, % 22.00 19.77 21.93 18.63

   Silage, kg Fresh 28.59 26.75 26.88 24.41

   Soybean meal 2.32 1.67 3.17 2.76

   Ground corn 5.76 7.70 4.75 7.75

Roughage: Concentrate Ratio 45: 55 39: 61 43: 57 35: 65
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Table 2 Dry matter intake of dairy cows received 1.0 or 1.2 time of energy or protein as NRC (1988) 

recommendation.

TDN 1.0 TDN 1.2

CP 1.0 CP 1.2 CP 1.0 CP 1.2 Significant Level CV

Treatment (1) � SD (2) � SD (3) � SD (4) � SD TDN CP E*P (%)

Dry matter intake

� kg/d 15.37 1.19 15.10 1.89 14.74 1.17 15.37 1.31 ns ns ns 9.90

� % of BW 3.55 0.28 3.75 0.44 3.51 0.40 3.74 0.15 ns 0.05 ns 7.09

� gDM/W 0.75 162 11.18 167 15.82 158 12.86 168 5.89 ns 0.05 ns 5.29

R: C ratio 45: 55 42: 58 38: 62 34: 64

Table 3 Body weight change of dairy cows received 1.0 or 1.2 time of energy or protein as NRC (1988) 

recommendation.

TDN 1.0 TDN 1.2

CP 1.0 CP 1.2 CP 1.0 CP 1.2 Significant Level CV

Treatment (1) � SD (2) � SD (3) � SD (4) � SD TDN CP E*P (%)

Number of cows 8 8 8 8

Initial weight, kg 418.5 36.26 407.8 77.96 411.1 77.47 403.3 37.73
Final weight, kg 442.6 40.56 433.3 74.60 441.8 72.51 418.6 44.30
Weight gain, kg 24.1 12.29 25.5 14.18 30.6 8.57 15.4 15.24
Average daily

gain, kg

0.86 0.44 0.91 0.51 1.09 0.31 0.55 0.54 ns ns ns 59.69

���*���2�������:"�,�����	

��
$"��&���"����-�'���������)#��  ����(��*�0� Table 3 ���=�)#������=�����-�'���$
�&��(�$6��&�0��($#���

���  ��=��B
�>��������#�������=�����#=���(�����A��0����=�$�������  )�����$��B�(���#=�$��&��$�����
��� (±

SD) )���

�3�����(�)#���*M$�����-�'���������0�3=��'���#���0'�= (0-3 $�%��) '
%���*=0�3=���
������
0'(

�� (early lactation)  �������$�%&�����$"?�
�����&)#+�����B�(�*���� "
���������
�����'�
B�(�(���U�������������

���'
%���&$
����=��A���#������������������$"?��� (negative energy balance) �������)#���U���������-�
����&

����0�
=����� (adipose tissue) ��03(  �=�+�0'(��-�'����������  '������+=��
������B"��(�)#��+�����B�(�(����

#����(����
����������� (AFRC, 1998) �������0�
������)#����
!�����'�
B�($��&��U�� �U��-�0'(����������=��

$�����03($�%&���
$��&���-�'������B�(���#
��� (body weight regain)  0���
�����#
������B�(#-���7��'�
0'()#����-�'���

���$��&�$6��&��=���� (ADG) ��& 0.25 ��)��
��/���  ���+���
��������=�)#������=�����
$��&���-�'��������*=0�$�7�
��&
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�*�#%���*=0�3=�� 0.55-1.09 ��)��
��/���  ��$�(����=���&B�(
������������)"
���
���� 1.2 $�=���� NRC ����#=��&-���=�

���=��%&���=B�=��#�������=����=��������-�#�M (P>0.05)  ����������$�%&�������)#�������������&���B�=!U����)�$�>���&
=��

����������
$�
�M$���)��(��)#
��
(����*=  �������)#B�(+=��3=��
�����
0'(���*��������(�  '
%����$��&���(�����

"@��������(��������

���&�-�'��#�������
!0���
�-�)A3����&B�(
��B"03($�%&���
+�����-�����"
������A���(��

��=���
$��&���-�'������ (NRC, 1988) ������������(���
3�&���-�'���)#��&B�=B�(����'�
���$���#���#���$#�%&��B�(

�=��  $�%&�����#���+���"
�����-�'�����'�
��&��*=0�
������$�����'�
LU&���&�*�!U� 10-20% �����-�'������ �����


�����
������������-�'������#�
03($���0���
�������=���(�� 6-8 ��"��'
 (Roger, 1983)

����'��:"��
���
��&����
����:"��


��
$��&�
�����������'
%�)"
����U��$"?� 1.2 $�=����#-�����-���� NRC '
%���
$��&����������=�� ���=�

B�=��+��=���
$"��&���"�� "
���7+�+����-���  ����=��"
�������$#��0���-��� (����0�
*"$"�

$L>��
�����-�

'���) B�(��=  B����  )"
���  ��#)��  ��������>�B�=
�����$�� (P>0.05, Table 4)  ��=��B
�>���$�%&�$"
���$����


�'�=��"
���7����&
��B�(�
�������&#-���7B�(0�Table 1 ���=�)#���=���&B�(
��)A3���&-���� (T1) ����*���� (T4) 0'(

���(����=���&#-���7B�( 10-12%  0��7���&)#���=���&$'�%���0��($#������#=�#-���7  �=��$"�

$L>��
B����0���-���

����=���*=0�$�7�
#=���(���*�  !U���(�=�)#��B�(
��$�%&�0� ADF ��&
���� 18-22% �&-���=���&��#�����#7� (2541) ���

�-�B�(��& 28-30% ��=)#������=��������
!
��	�
����B������B�(���"
��� �-�'
����#
"
�����%&�Z ��#=���*=0�3=��

"
������)#���*�+����)
"-���$��� (Chamberlain, 1993)

Table 4 Milk yield, milk composition and milk constituent of dairy cows received 1.0 or 1.2 time of energy or 

protein as NRC

              (1988) recommendation.

TDN 1.0 TDN 1.2

CP 1.0 CP 1.2 CP 1.0 CP 1.2 Significant Level CV

Treatment (1) � SD (2) � SD (3) � SD (4) � SD TDN CP E*P (%)

Milk Yield, kg/d 12.18 2.60 11.66 11.79 1.78 11.48 2.63 ns ns ns 13.54

4 %FCM 12.82 12.61 12.67 11.94

Milk Composition,

%

   - Fat 4.38 0.60 4.52 0.95 4.49 0.70 4.31 0.17 ns ns ns 15.25

   - Protein 3.47 0.37 3.59 0.46 3.53 0.30 3.48 0.32 ns ns ns 10.60

   - Lactose 4.99 0.38 4.73 0.36 4.87 0.30 4.72 0.47 ns ns ns 7.74

   - Solid-not fat 9.17 0.15 9.09 0.65 9.15 0.48 8.98 0.34 ns ns ns 4.95

Milk Constituent,

kg/d

   - Fat 0.53 0.11 0.53 0.09 0.53 0.11 0.49 0.07 ns ns ns 16.20
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   - Protein 0.42 0.42 0.42 0.04 0.42 0.06 0.40 0.05 ns ns ns 11.70

   - Lactose 0.61 0.14 0.55 0.05 0.57 0.10 0.54 0.17 ns ns ns 18.23

   - Solid-not fat 1.12 0.21 1.06 0.08 1.08 0.17 1.03 0.15 ns ns ns 13.51

��$�

��
$��&�)"
����U����� 20% ���#-�����-���� NRC (1988) �-�0'()#�����'�
B�(����U�� ��=��=��B
�>���

��
$��&��������'
%�)"
��� '
%���
$��&�)A3�������=�����������=���U����� 20% B�=��+��=���
$"��&���"����-�'���

��� +�+�����-��� �����#
"
�������$#��0���-������)#���*�+������-���&0'(��-���
����"������  LU&�B�(
��

'M(�������������$"?���'�
'���'���

�"�+
��$%

#7�+*(����������#�7�-�����������������������
�������&0'(������'�����������0�#
������ ��������#�7

#7�$�	�
����

 �'�������������
�3���� ��&�-����#�����������0'(��
���$#
��'
�!����&  ����
�����  ���

$#
%&���%���"�
7
0���
�-�$������ $"?���=������&�

*
����
���
'�

��#��  �
'���  ��������  '���
���
  �����M�(��  3������
����. 2541. ��
"
�$��������(�!U�#����(����
)A3�����

)#��B��.   

$����
"
������
"
�3����3���
)#�����+���A�7�
#
�����&2: $�#)�)�����
�����

�������(��*�. ���

��& 3-5 ��!����� 2541. #7�������������

  �������
7
�'���������.
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Appendix 17

���������$%�!����
�,��+
�,#��
�,�����	&*+���
���,�
��;'���'���

��	�	'(�����!
���<$�0��!
���������'��=�>

In Vitro Study on Nutritive Value of Tropical Grasses

using Nylon Bag and Gas Production Techniques
�����	 ��
����
1 ���
�� �������1 ���
����� �����1 ���
����� ����	���������1

Surachai Suwanlee1, Kungwan Thummasaeng1, Areerat Lunpha1 and Worapong Suriyajantratong1

������!


��
�����#
�����������"
���#
$�%&��U�	�#�7#=������'�
���'M(���'�
����
$��
(����&3��� #%� �����

������� 
*L�&     ��
������ �������� ��&������
��� 30, 45 ��� 60 ��� )������03(!��B��=��������"
���7��
+������L 

+���
��������=� ����A����
�=������B�(�*�������'M(�
*L�&����������&���� 30 ��� (
(���� 82.07 ��� 84.23) ��#=�

�����=� (P<0.05) ��&���� 45 ��� (
(���� 73.22 ��� 74.99) ��� 60 ��� (
(���� 72.14 ��� 74.55) �=��'M(���������

���������
������B�=��#�������=����� (P>0.05) 0����������
��� ��=$�%&�#-���7#=��-����"
���7���!��'(��=��B�(��&

����
B�(
�� (digestible dry matter intake; DDMI) ���=�)#���'M(������������������
��������&��� 30 ��� (4.14 ��� 

4.72 ��)��
��/���) B�(�����=����'M(����� 45 ��� (2.41 ��� 2.31 ��)��
��/���) ��� 60 ��� (2.35 ��� 2.35 ��)��
��/

���) �����$6���)#��&���'M(�������������������� 30 ���$�=����� ��&�����
���
$��&���-�'������ (0.32 ��)��
��/���) 

�����=���&���'M(����� 45 ��� (0.17 ��)��
��/���) ��� 60 ��� (0.16 ��)��
��/���) 0��7���&$�%&�)#���'M(�
*L�&��������

���� DDMI ������
���
$��&���-�'������B�=��#�������=����� (P>0.05) 0����������
��� �=��"
���7����
��
���!���&

�=��B�( (organic matter digestibility; OMD) ������������&03("
�)�3�
B�( (metabolizable energy; ME) ���=�'M(�

������&3�����#=���*=
�'�=��
(���� 44.31 - 55.09 ��� 6.62 - 8.52 MJ/kg DM ����-���� ���������
������'M(����3���

�����)�(���&��B�=��+��=�#=������=��

#-��-�#�M: ,#��
�,�����	&*+���
� 	'(��!
���<$�0��!
� ���	'(���'��=�>

Abstract

The objective of this study was to determine the nutritive value of four tropical grasses namely; Ubon 

paspalum, Ruzi, Jarra digit and Guinea at 30, 45 and 60 days cutting age by using the nylon bag and gas production 

technique. It was found that the potential degradability of Ruzi and Guinea grass at 30 days (82.07 and 84.23%) was 

higher (P<0.05) than 45 days (73.22 and 74.99%) and 60 days (72.14 and 74.55%) cutting age, but there were no 

significant differences (P>0.05) in cutting age on the degradability of Ubon paspalum and Jarra digit. digestible dry 
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matter intake (DDMI) predicted value of Ubon paspalum and Jarra digit at 30 days (4.14 and 4.72 kg/day) was 

higher than 45 days (2.41 and 2.31 kg/days) and 60 days (2.35 and 2.35 kg/days) cutting age. The expected growth 

rate of the animals fed Ubon paspalum at 30 days (0.32 kg/days) was higher than animals fed Ubon paspalum at 45 

days (0.17 kg/days) and 60 days cutting age (0.16 kg/day). There were no significant differences in growth rate of 

animals fed Ruzi and Guinea of different ages. Organic matter digestibility (OMD) and metabolizable energy (ME) 

of four grasses were in the range of 44.30-55.09% and 6.62 - 8.52 MJ/kg DM, respectively. It appeared that cutting 

age tended to not affect OMD and ME of all grass species.

Key words: tropical forage grass, nylon bag technique and gas production technique

�"��"�

��
"
�����*�
��'�
0'(!*��(�����#����(����
�������
�-�$"?��(��
*(�=��"
�������$#�����#�7#=�

���)A3��������!������&03(���3��� 
��������'�
'���'
%�'M(���&03($���������
 ��
��
*(��&�$'�=���� �(�������0����

����
 (in vivo) LU&�#=���(����=���� �(��03(�
���� $��� ���#=�03(�=����� ������� �U�����
���������������
 (in vitro)

��&��������"
�'�����=� ��(��
(��    ����
�-����'�#=��=��Z��&�=�3��#�7#=����)A3�������'�
3�������Z ������
 

in vitro ��&�-����B�(#=���(�������$"?���&����#%���
03(!��B��=�� (nylon bag) �����
���"
���7��
+������L (gas 

test)  ������� ��
�����#
�������U������!�"
���#
$�%&��������
�=��B�(���'M(������  ������������ 
*L�& �����
�����

� ��&������
��� 30, 45 ��� 60 ��� �(��������
�=��0�!��B��=�� ���"
�$�����
�=��B�(�������
��
���!� (organic 

matter digestibility; OMD) ������������&03("
�)�3�
B�( (metabolizable energy; ME) )����
#-���7���"
���7

��
+������L
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$���%&���	'(����

������
�����?�<$�0��!
�

�"���	
�!��,#����2���!��������+��� 0.5 
'��'*
�� )"��	� 2.5 ���
 ��!��<$����'*
�*�
�& +��� 8.0 x 13.5 �����

*>��'*
�� �"�<$���2
���	
�!��0���!�����*�����*
�+
�����2*)�����*����
���	 *�3�*	�� 4, 12, 24, 48 ��� 72 ?�2	�
� �������!��*	��

�?���2<$��!
��	
�!�� �����!���!���
���	O���
�<$� *
Q2
���*	�� �"���	
�!��

�
�������	��:"�
$!�)������2��:"���2����
�����%��� ���	�"�

0�
���2 95 
���*>�*>��� *�3�*	����� 48 ?�2	�
� ,���)����:��"�

�
�?�2�*�Q2
,��:"�,�����	
�!����2*,�Q
 ����"��	%,��!�����!
�0��

���������
�"�*�X)��� NEWAY +
� Rowett Research Institute ����?� model P = A + B + (1 - e-ct)  *
Q2
 P = ����_��������!
�0��,

A = �!���������0��, B = �!	���20
!�������!��
��<,
���!
�0��, c = 
������������, ��� t = *	����2
�,��
��!��   ��*
�

�������	
���
������������

3�&������=����'�
"
���7 500 ������
����&��+=������
����� 0.5 �����$��
 0�=0�'�����(� (glass 

syringe) ��� 200 �����$��
�����#����� 150 ��������
 ��������"
����
!U� 100 ��������
 �=��B�(��$����'�U&�

��������
 "���'���"���(����� ����� #��"'������������&"��-$"��0'(���L���B�( $�>���-�
*$�� (rumen fluid) ���)#

��������&$����
�$���B�(��(�+��$�(��(����� )���(��$����'�
���'���Z�=������
�$���
*$�������#���$����-�0�=

0����$�>���&"
��������L�$��+=��+(��
�� ��(��-���-�
*$����&$�>���B�(+�������
�������&$�
���B�(���������� 

Menke and Steingass (1988) $�����
�������&+�������-�
*$����(���0�'�����(���&0�=��'�
B�(��(��-���� 40 

�����$��
 �-�'���B"0�=0����'�����&��*=0��*(����7'A*�� 39 ����$L�$L��� �=��#=����L��&$����U����&$��� 4, 6, 8, 12  

��� 24 3�&�)�� �-�#=�"
���7���L��&"
����(�B"#-���7$�%&��-����'���
�=��B�(�������
��
���!� (OMD) ����������

��&03("
�)�3�
B�( (ME) �������


OMD (%)  =  14.88 + 0.889Gb + 0.045XP + 0.065XA

ME (MJ/kg DM, ��'�
'���)  =   2.20 + 0.136Gb + 0.0057XP + 0.00029XL2

$�%&� Gb, XP, XA ��� XL  #%� "
���7���L��&$��������'�
 200 mg DM, 
(����)"
��� $!(�  ���

B����0����!�-�'(� ����-����

��$#
��'
#����"
"
������!�������(��*� )��03()"
��
� IRRISTAT ���'�#�������=�����#=�$6��&�

)�� Duncan’s New Multiple Range Test (DMRT)
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�����	')��%&

�!	�����
����*�
�+
�,#��

�=��"
�������$#�����'M(�������&3��� ��&��������=��Z��� ����B�(0� Table 1 ��$'>��=�'M(�������&3�����


(����)"
������$!(�����$�%&�����'M(�����U�� 0��7���&
(����$�%&�0�'��� (crude fiber; CF) ���+���$L��
 (neutral 

detergent fiber; NDF) $��&��U������������'M(� )��$6�����&���� 30 ��� �� CF ��� NDF �&-���=���&���� 60 ������ ��

$�(�'M(������������� ��&���������
�����$�%&�0�0��($#������ ��=��B
�>��� �=��"
�����=��Z���'M(�
*L�&$6��&����

������
�����#=�#=���(���&-� ��$�(�)"
��� $�%&�$"
���$�������
�������� ��M�(�����#7� (2541) ��&
������=� 'M(�
*

L�& (B�=
�������) �� organic matter (OM), crude protein (CP), ether extract (EE), ��� NDF $�=����
(���� 92.8, 5.2,

3.3, ��� 69.6 ����-���� LU&�#�������=�����$����U��B�($�%&������A�����'
%�"
���7��
0�="�����&����=����� 0�

�7���&#=���&B�(�����
��������0��($#���������������
���#7� (2543) ��&
�����B�(�=� �=��"
�������'M(�
*L�&

������� 45 ��� �� CP, EE, Ash, CF ��� NDF $�=����
(���� 9.97, 1.51,  8.80, 30.14 ��� 61.03 ����-����

Table 1 Chemical composition of Guinea, Ubon paspalum, Ruzi and Jarra digit

grasses at 30, 45 and 60 days cutting age.

Grass Cuttin DM Ash   OM CP  EE   CF NFE ND

Age

( )

----------------------------------------- %DM -----------------

Ubon 30 89.81 13. 86.49 10.9 0.78 28.44 41.35 63.8
45 87.18 10. 89.95 7.24 0.80 28.02 49.21 60.5
60 87.85 7.7 92.21 6.93 0.67 29.28 50.33 63.6

Ruzi 30 87.61 13. 86.90 15.1 1.35 24.79 43.62 61.9
45 86.98 9.8 90.14 9.14 1.18 28.30 48.44 68.0
60 87.72 7.5 92.42 7.93 1.19 28.57 52.46 67.8

Jarra digit 30 91.81 9.7 90.27 14.9 2.09 24.71 46.38 62.2
45 91.42 8.6 91.34 9.40 2.02 29.64 46.53 63.8
60 91.68 7.9 92.07 8.09 2.13 29.55 48.87 63.3

Guinea 30 91.97 8.9 91.01 12.7 1.54 28.93 43.58 61.5
45 91.94 8.5 91.43 7.64 1.42 34.61 44.77 69.4
60 92.18 7.7 92.22 5.24 1.37 36.92 45.40 70.7

������
�����?�<$�0��!
�

�(��*���&B�(�����
�U�	�)������03(!��B��=�� ���=�3=��$�����&
���������
��
$
�&��=����'�
'��������'�


$�(��*=
*$�� (L) B�=��#�������=�����0�'M(����3���������������
��� (Table 2) �-�'
���=����&B�=�������=����
!

'����=��B�( (B) �=��0'M=B�=����=�����$�%&������=�����0�'M(�3���$������� ��$�(�'M(�
*L�&��&��
�=��������&���� 30

��� ��#=��*���=���&���� 60 ��� LU&����$�%&�����  CF  ���  NDF (Table 1) ����=��������  �=������A����
�=��B�(�*�
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��� (A + B) ���'M(�
*L�&������������ (P<.05) $�%&�'M(�����������U�� 0��7���&'M(������������������
������B�=

��#�������=����� (P>.05) ��=��B
�>��� #=� L ��� A + B ���'M(�
*L�&��#=�0��($#������
����������M�(�� ���#7� 

(2541) ��&
������=�#=� L ���'M(�
*L�& ��#=�$�=���� 3.6 3�&�)�� ��� A + B  ��#=�$�=����
(���� 71.5  ���0��($#������#=���&

$������	7
 (2541) 
�����B�(#%� A + B ��#=�$�=����
(���� 72.60 �=�����
���
�=������ (c) ���'M(����������
���

���'M(���=��3���B�=����=����� ���$�%&��-�#=� A, B ��� c ���'M(�������& 3���B"#-���7'�"
���7���!��'(���&����


���B�( (dry matter intake; DMI) "
���7���!��'(��=��B�(��&����
B�(
�� (digestible dry matter intake; DDMI)  ��� 

Growth rate ���  )#
�=����� 1-1.5 "� �������
 multiple regression ��&$���)�� Shem et al. (1995) ���=� DMI ���

'M(����������������� 30 �����#=��*���=����� 45 ��� 60 ��� ����*���=�'M(�3����%&�Z��&�������$������� �U��=�+�0'( 

DDMI  ���  Growth rate �*���=�'M(�3����%&�Z  �(��  (Table 3)  ��=��B
�>��� $"?���&�=����$���=�#=� DMI ��� DDMI  

��&B�(�����
�������� ��#=�#=���(���&-� �=��#=� Index value ���'M(������������������
��������&������� 30 ��� ��#=�

�����=���& 45 ��� 60 ��� 0��7���&'M(�
*L�&��������B�=��#�������=����� (P>.05) 0����������
��� ���#=�$'�=����

0��($#������
����������M�(�� ���#7�(2541) ��&���=�'M(�
*L�&��#=� DMI, DDMI, Growth rate ��� Index value $�=�

��� 3.56, 2.53, 0.25 ��� 44.35 ����-���� LU&�#=� Growth rate �����=�������#=�0��($#��������&$������	7
 (2541) 
�����

B�(#%� 0.2 ��)��
��/���

Table 2 Dry matter digestibility of Guinea, Ubon paspalum, Ruzi and Jarra digit grasses 

by using the nylon bag technique.

Grass Cutting      a b       c L(hr) A     B A+B

Age (d) -------%------- (fraction

/h)

------------------%-------------

Ubon paspalum 30 15.63 bc 71.64 a 0.030 b 3.8 a 23.35 c 63.92 a 87.27 a

45 23.93 a 62.75 ab 0.033 ab 3.3 a 30.37 a 56.31 abcd 86.68 ab

60 23.84 a 61.98 ab 0.025 b 3.0 a 28.36 b 57.46 abc 85.82 ab

Ruzi 30 19.80 62.27 ab 0.036 ab 3.2 a 24.38 c 57.69 abc 82.07 abc

45 13.47 c 59.75 b 0.048 a 2.6 a 20.88 d 52.34 bcd 73.22 d

60 18.22 53.93 b 0.038 ab 2.6 a 23.47 c 48.67 d 72.14 d

Jarra digit 30 17.89 63.97 ab 0.038 ab 2.1 a 23.35 c 58.51 abc 81.86 abc

45 17.17 61.13 ab 0.038 ab 2.3 a 23.08 c 55.22 bcd 78.30 bcd

60 19.97 62.38 ab 0.031 b 2.9 a 23.01 c 59.46 ab 82.46 abc

Guinea 30 22.39 ab 61.84 ab 0.036 ab 3.5 a 29.74 ab 54.49 bcd 84.23 ab

45 18.77 56.22 b 0.029 b 3.3 a 23.84 c 51.15 bcd 74.99 cd

60 19.85 54.70 b 0.025 b 3.5 a 24.38 c 50.17 cd 74.55 cd

abcd Values on the same column with different superscripts differed (P<.05).

������
����	�������'��=�>

�����
�������
�=���������'M(�������&3��� )�����"
���7���L��&+����U�� (Table 4) ���=���#=������


+������L (GP) 0��($#������ $3=�$�������'M(����3�����&������� 30, 45 ��� 60 ��� ��&����
+������LB�=����=�����

(P>.05) ���$�%&��-�#=�$'�=����B"#-���7'�#=� OMD ��� ME �>B�(#=�0��-����$������� GP LU&�#=������=����#=�0��(

$#��������&������
 ���#7� (2543) B�(
�����B�(�=�'M(�
*L�&��#=� OMD ��� ME $�=����
(���� 59.65 ��� 8.06 

MJ/kg DM ����-���� ��=��B
�>���#=� ME ���'M(�������&3��� ��#=�#=���(���&-���=�'M(�$�$"��

 LU&���#=�$�=���� 8.368 
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MJ/kg DM ���'M(� Paspalum dilatatum ��&��#=�$�=���� 9.9998 MJ/kg DM �����& NRC (1988) ��� Kearl (1982) 
��

���B�( ����-����

Table 3 Predicted value of dry matter intake, digestible dry matter intake, growth rate 

and index value.

Grass Cuttin    A     B     c         DMI
1

DDM   Growth Index

Age

(d)

……..…%…… (fracti

/h)

       (kg/d) (kg/d) (kg) value
4

Ubon 30 23.35
 c

63.92
a

0.030
b

5.83
a

4.14
a

0.32
 a

52.86
a

45 30.37
 a

56.31 0.033
ab

3.78
ef

2.41
d

0.17
 d

45.19
ef

60 28.36
 b

57.46
abc

0.025
b

3.76
ef

2.35
d

0.16
 d

45.11
ef

Ruzi 30 24.38
 c

57.69
abc

0.036
ab

4.98
bc

3.34
bc

0.25
 bc

49.64
bc

45 20.88
 d

52.34
bcd

0.048
a

6.11
a

4.34
a

0.33
 a

53.94
a

60 23.47
 c

48.67
d

0.038
ab

5.57
ab

3.81
ab

0.28
 ab

51.89
ab

Jarra digit 30 23.35
 c

58.51
abc

0.038
ab

4.72
cd

3.22
bc

0.25
 bc

48.07
cd

45 23.08
 c

55.22
bcd

0.038
ab

3.46
f

2.31
d

0.21
 cd

43.95
f

60 23.01
 c

59.46
ab

0.031
b

3.60
f

2.35
d

0.19
 cd

44.52
f

Guinea 30 29.74
 ab

54.49
bcd

0.036
ab

4.57
cd

3.11
c

0.24
 bc

48.12
cd

45 23.84
 c

51.15
bcd

0.029
b

4.15
def

2.77
cd

0.22
 bcd

45.57
def

60 24.38
 c

50.17
cd

0.025
b

4.44
cde

2.93
cd

0.22
 bcd

47.64
cde

abcdef Values on the same column with different superscripts differed (P<.05).
1 DMI (kg/d) = -8.286 + 0.266A + 0.102B + 17.696c,  2DDMI (kg/d) = -7.609 + 0.219A + 0.080B

+ 24.191c
3Growth rate  = -0.649 + 0.017A + 0.006B + 3.87c,  4Index value = A + 0.38B + 66.6c

Table 4 Gas production in 24 hours, OMD and ME predicted value from Guinea, Ubon

paspalum, Ruzi and Jarra digit grasses.
Grass Cutting           GP  CP     Ash EE OMD

1
     ME

2

Age (d) (ml/200

mgDM)
 (%)    (%) (%)  (%) (MJ/kgDM)

Ubon paspalum 30 39.62abcd 10.91 13.51 0.78 51.47abcde 7.65abcde

45 40.15abcd 7.24 10.05 0.80 51.55abcde 7.70abcde

60 32.18d 6.93 7.79 0.67 44.31e 6.62e

Ruzi 30 34.85cd 15.13 13.10 1.35 47.40bcde 7.03bcde

45 44.03ab 9.41 9.86 1.18 55.09ab 8.24ab

60 41.99abc 7.93 7.58 1.19 53.06abc 7.96abc

Jarra digit 30 45.81a 14.90 9.73 2.09 56.91a 8.52a

45 40.99abcd 9.40 8.66 2.02 52.30abcde 7.83abcde

60 41.62abc 8.09 7.93 2.13 52.76abcd 7.91abcd

Guinea 30 36.25bcd 12.76 8.99 1.54 48.26bcde 7.20bcde

45 34.12cd 7.64 8.57 1.42 46.11cde 6.88cde

60 32.94cd 5.24 7.78 1.37 44.90de 6.71de

abcde Values on the same column with different superscripts differed (P<.05).
1 OMD (%)  =  14.88+0.889Gb+0.045XP+0.065XA
2 MEroughage (MJ/kgDM)  =   2.20+0.136Gb+0.0057XP+0.00029XL2
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��$�

�����
�U�	�#�7#=����)A3�����'M(���'�
����
$��
(����&3��� #%� ������������ 
*L�& ��
������ ���

����� ��&������
��� 30, 45 ��� 60 ��� ����
!�
�"B�(�=�
(����)"
������'M(�������&3������� $�%&�'M(�����������U�� 

0��7���&"
���7��� NDF ���'M(�
*L�&��������$��&��U��������� �=��'M(������������&������
��������#=�B�=#=��

����=�����  ����A����
�=��B�(�*�������'M(� 
*L�&������������$�%&�'M(�����������U�� ��='M(����������������

��
�������������������
�����#=�B�=����=����� ���$�%&��-�#=���&B�(�����
�=��)��!��B��=��B"#-���7'�#=� DDMI 

��� index value ���=� 'M(������������������
��������&���� 30 ��� ��#=������=���&���� 45 ��� 60 ��� 0��7���&

'M(�
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