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Water Balance Improvement by Afforestation for Farmland with Saline Problem in a Semi-arid Area  
in Western Australia. 
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ABSTRACT�In Western Australia, food production was gradually declined because of salinity problem.  
This salinity caused by ascending ground water table, which was caused by conversion from forest to 
farmland in wheat belt area over two centuries.  To avoid salinity problem in this area, agro-forestry is 
one of the choice for improving this situation.  When agro-forestry will be applied, trees will be 
planted in some part of farmland, and these trees will uptake ground water, which decline water table.  
At the same time, these trees will stock carbons inside their body from atmospheric CO2.   So 
agro-forestry is good method for countermeasure to salinity problem and green house effect, but no one 
has criteria how large area will be converted to forest from farmland.  Thus, in this study, based on 
water balance analysis, we aimed to establish water balance estimation model for designing 
agro-forestry for farmland of Western Australia. 
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��5Fig. 3 I����J.I�
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�DE.� 3�3 m4 Pinus 

radiata�Eucalyptus sargentii�E. globulus�E. occidentalis
% 4ä�(0�IDE(�K�R�5S%[I Casuarina 
obesa�Acacia saligna�E. loxophleba�E. rudis�E. wandoo
�@WDE���R�W�+,W6��1
¿@%DE

åW¸� 4ä�4��5�I P. radiataW��½R5z�
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�UVM�èIçR��5z%\><;|}�6���

�� 4ä�4��W��´\O�uQ=O��$è(I
�3��� ���xW�³jÜà¶è 300 mm6A%
�G4ØÙ���R�%W Pinus radiata
 E. globulus%
¡4�K��P�E. globulus%�� ���([% 2�
%����I���P�5 
� P. radiata
 E. globulus%=O��$I�xB�� �
��xC��µ%
y�4��5`M P. radiata� 
� W = aDb

� � � � � � � � � � � � � � � � � � (1) 
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Q��G��4���a = 0.204�b = 2.154�� 6)

5W�
äå%UV�è¤g¥D��¸c 1.3 m%äå%¦%s§
¨¤cm¥4��5z%QRS"�äå 1ï%¡%C�N
4���P�p�%äå%QRS"%©QW|}%=O

��$èI��5ªI E. globulus� 
� lnY = a + blnX1 + clnX2� � � � � � � � � � � � (2) 
4����5zz4�a 
 b 
 c �1¢£{4� �u
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B¦�®�ä
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Y�±·+,���%=O��$è¤t ha-1
¥X1��¸c

1.3 m%äå%¦%s§ ¤̈m¥�X2�äc¤m¥4���
1 ha���%²å³W 430´1250%µ§%¦EI¶w
4��
�·���R�5�(�� 1111 ha-1
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¸�I¶wµ§X4��5«¬
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�$è(¹R��|}p´%=O��$(QR��5�
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%DE|}I���P�z
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VM�è(QR��5�y�äåIJ�UVM�è��
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4�K��
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¶2Ú%~QW<�$�Q�µ¶·WµW���OË$

�Q�µ¶·W¸W�
R.Ì£I�K�R�5�¸J

��9 %ÍV%¶üYè(ïÖ×4�89��ÈÉNÊ
%¶2ÚW<�$u�OË$u(ÍÎ��5 
� `M 1 ��%ÍV4��àáC�N� Department of 
Agriculture and FoodBhttp://www.agric.wa. gov.au/HOME.C
%Wickepin StationB117˚28′E�32˚32′SC% 1998-2009³
IËL���C�N%jÜ�(wR�5 
� ªI 4���
�C�N��ÍV
IÏ��QR(
�K�5̀ Mi�4��W�̧ �%Wickepin Station4s
 ���i�%xy
&�è%C�N% 1998-2009 ³%
jÜ�B1877.1 mm/yearC(wR�5�O�xy
&�
è�
&�è%Ð½>?Ñ;�4���P��J%��

zz`4����R5�u�� C�NWÐÑ��R�

PÆ1�z%C�N4�w��5 
� ªI£�%
&�è4��W�z���(�%6�%

2è¤kg ha-1
¥
¶�w!ÒBWUEC¤kg ha-1 mm-1

¥u

QQR��5Martin£)%£¢�J��d�%6�%j
Ü2è� 1900 kg ha-1

�Anderson and Garlinge 10) J�WUE 
= 7.3 kg ha-1 mm-1

4�K�5z%�uQ 1 ha���%¶
vwè(°P��QIÎÏ+,(u��z
IJK��

£�%
&�è(I���5 
� ªIDE�%
&�è�DEäå 4ä�BPinus radiata�
Eucalyptus sargentii�E. globulus�E. occidentalisCI TPD
BThermal Dissipation ProbeCÓ>\�(ÔÕ��S%C
�N( Granier, 11), 12)

IJK�ºÖ��äå±´%
�

è(I���5�y�S�~�%ä�� 3ïM�Ó>\
�(ÔÕ��%4�ºÖS"I�S%jÜ�(wR�5

`��ïÖ×I�Ó>\�%Q C�N� 2006 ³% 1
³.�%C�N%¡wR�5Granier ,� TDP Ó>\�
%�uQ�µ%x(wR�äå%¦(ö��¶Bä×öC

%è(I�3�+,4���Ó>\��S%ä×öIJ

K�Ø»3�Ùè(Q ��R�5 
� K = [∆Tmax - ∆T(u)] / ∆T(u)� � � � � � � � � � (3) 
� u = 1.19×10-4K1.231

� � � � � � � � � � � � � � (4) 
� F = u×SA� � � � � � � � � � � � � � � � � � (5) 
zz4�K� ∆TmaxyJ� ∆T(u)uQÚ`��� �N5
∆Tmax�ä×ö 0%�%Ó>\�%�Û¤K¥�∆T(u)
�ä×öÁ u¤m s-1

¥%�%�Û¤K¥�SA�¦%04
ä×ö%Ã���%Ü+,¤m2

¥�F�ä×öè¤m3 s-1
¥

4��5Granier,�G�Ý4���P��(%äå4z
%�� �N4JRu@.uÞ³I89���R�RW�

ïÖ×4��Ø(ßIG�ÝW�(% 4ä�I-��� 
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Total biomass Surviral ratio
[t ha-1] [%]

E. globulus 39.5 91.9
E. occidentalis 22.5 100.0
E. globulus 17.0 52.6
E. occidentalis 18.7 96.9
P. radiata 19.7 87.7

DH

DL

Site Species name
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� 5AI�µ%À_è4��W�z��àáuQS�~

�%T�uQ
�è(åR��Wp�À_Iv���
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+���� 12345$%&'(�

� D-Low yJ� D-high %|}%=O��$C�N
'
ÐÒW Table 2 %J.I°PQ��5�y�E. sargentii
% �C�NW`QuIÏª�(����P��uQ�

ÅÆ��5z%�J��E. globulus�¼À%%&%1

¿@�R D-high %|}4�©ªI2R'ÐÒ
=O�
�$è(���5�u�¼À%%&W�� D-Low|}4
�, 'ÐÒWk 50%IÃµ��©ªI=O��$èWê
���K�5S�I��� E. occidentalis�'ÐÒW1

¿@Ãµ��uK��P�äå 1ï���%=O��$
�6��
-|}%=O��$� E. globulusJ�-¸1
K�5`��P. radiata � D-Low |}%¡4�uQ �
��R�RW�zÇQ-cR'ÐÒ4�K��P�E.
occidentalis
#¡%óÊW��
È���5 
� �¸%z
uQ�UVM�%stuQ��¼À%%&

%ê�R�G(£�uQDE�4æç3�)~� E. 
globulus Wj��W�¼À%%&('��R��G(£
�uQDE�4æç3�)~I��E. occidentalis < P. 
radiataW¶ O
n*Q��5`��E. sargentii�¼À
IrRä�O
���y�

13)
�d�Iß�'Ð��R�

ä�4��z
uQ�C�N(ç89-���çËL3

�z
IJK��E. occidentalis< P. radiataJ�¶ � 



�����

�
���� ��� !
"��
���� 
	���� ���	
���� ������� ��� "�
����

������

P. radiata E. sargentii E. globulus E. occidentalis
Average

[dm3 day-1 tree-1]
Total

[m3 year-1 tree-1]
3×3 spacing
[m year-1]

Evaporation amount

8.24 13.1 7.41 12.1

3.01 4.77 2.70 4.43

0.334 0.530 0.330 0.493  
 
ä�
eÜ���xy�-���P�ÆA-89(��

R�5 
� �O��èéIUVM�%stuQê*°�¼À%ê

�R\O�4 E. globulus(DE3�NW�[%ä�(D
E��)~Iëì� 2í�¸%=O��$è(ºq��
R�5JK�#îUVM�è(L��PI��E. globulus
(�w3�1.WDE+,(567I)*Q��
n*

Q��5 
� ªI¸�4LQ�� D-Low yJ� D-high %|}%=
O��$C�N(���
��[%DE|}4�ï��

�(öGX%DE�p´%=O��$(QR��5S%

S"�349.9 t%=O��$��`� 174.9 t-C%UVWM
����z
W�uK�5�y�z%�(±·+,��

��1³.���%{�Iðñ3�
�k 1.7 t-C ha-1 year-1

4��z
W�uK�5z�� CO2çR4� 6.3 t-CO2 
ha-1 year-1


���P�ßI\]òËåIJ�UV¾�ó

��W 3,000ô t-CO2-1
4��
3�
�õ³ 1 ha���

19,000ô%UV¾�ó��W&'3�z
I��5z�
��£¢'iIëö3�°©ªIê�RÎ÷4��W�

£�uQDE�4%æçIJK�£øWÁ�Ø»%ùú

PI��
n*Q��5-K
-�UV¾�ó��%Î

÷����ûY3��P�zÇQ%È �dF4�üý

4��5 
 
+���� 6789,-.�

� `M���(�%��H�DEäå 4 ä�BPinus 
radiata�Eucalyptus sargentii�E. globulus�E. occidentalisC
IÔÕ�� TDP Ó>\�%C�NºÖIJK�°PQ
���þä�%
�èC�N( Table 3 I�35z��
D-Low|}%C�N4��5D-high|}%C�N��Ø

W½�ºÖI�*�uK��PÆ1%S"uQ�ÅÆ�

�5z%S"J��ä�IJK�����WÏ��z


W�uK�5
�I D-high|}
ëö��UVM�y*
-6��'ÐÒWÃµ��R� E. globulusW�©ªI6
�R
�è4��z
W�uK�5JK�¼À%���

G4D*Q�� E. globulus�¶%
�y*WÃ���µ
¶·ÃµI���I�Rz
W�uK�5 

�
����#��$����������
����
�
����
�
�������

�� ���

[ha] [%]
��� 17.1 6.47 ×104 5.36 ×104 120.7
��� 11.4 3.43 ×104 3.57 ×104 96.1
�� 2.6 4.95 ×104 8.15 ×103 607.4

��	
�� 48.0 1.25 ×105 1.50 ×105 83.3
����� 79.1 2.73 ×105 2.48 ×105 110.1

[m3 year-1] [m3 year-1]
��	
 ��


 
 
� S�I���[%ä���I E. sargentii 
 E.
occidentalis��cR
�y*(���5z����ä�
WcR�¼'(���R�z


13)
IÌ£��R�
n

*Q��5Table 2 J��P. radiata�E. sargentii�E. 
occidentalis% 3ä�%=O��$è%ÛW�`��Rz

uQ�¼À%%&%��£�(DE�Iæç3�)~

��E. sargentiiu E. occidentalis(DE3�z
IJK�
äåIJ�
�è(�¹����µ¶·ÃµI��4�

�
n*�5�y�DE�4%dÑ%DE³�k 1111 
ha-1
4���±·+,���%
�è
��� 4866 m3 
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