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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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Katsuhiko KUROSAWA��, R.J. Harper��, Toshinori KOJIMA��

�

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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radiata�Eucalyptus sargentii�E. globulus�E. occidentalis
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obesa�Acacia saligna�E. loxophleba�E. rudis�E. wandoo
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�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%
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� W = aDb

� � � � � � � � � � � � � � � � � � (1) 
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Q��G��4���a = 0.204�b = 2.154�� 6)
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¨¤cm¥4��5z%QRS"�äå 1ï%¡%C�N
4���P�p�%äå%QRS"%©QW|}%=O

��$èI��5ªI E. globulus� 
� lnY = a + blnX1 + clnX2� � � � � � � � � � � � (2) 
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4��
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¸�I¶wµ§X4��5«¬­
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�$è(¹R��|}p´%=O��$(QR��5�
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� D-Low yJ� D-high %|}%=O��$C�N([
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%¶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)
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�

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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�%T�uQ
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� 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
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IJK��E. occidentalis< P. radiataJ�¶ � 
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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-CO2-14��
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 
year-1 ha-1
��%4�6�%k2600 m3 year-1 ha-1Iëì�
yJS 1.8 í-%
�è(���R�
R.z
W�u
K�5 
� `��¶�w!ÒW��IJK�û�3��P�	I


î�z
�4��RW�¥¨è%��Rä��
�è

-½RóÊW��5JK��D-high|}4 D-Low|}%
í%=O��$è(��� E. globulus��¼À%%&(
'��R�G4��°�í%
�è(�3xy�-��5

ÆA� D-high |}4ÔÕ���R� TDP Ó>\�%C
�N��<ºÖ(ÇP�ñº�89(��R�z
W°

PQ��5 
� ªIöGp´%¶2Ú(QR��S"( Table 4 I�
35z%�J��ÈÉ¸Ê�(<�$I
K�¶2Ú(

QR��S"�2ÚW<�$ 10%
�K��PI��(
öG4�à¶èJ�-
&�è%1.W�������

µ¶·WÃµ��R�z
W����5�u��Table 4
%0I`QuIÛ
h�C�NW��5S���i�%

¶2ÚWk 610%-%����(���R�z
4��5
-�z�Wñ�R�4��°�£�(i�Iæç��1

.W¶2ÚW��3�z
I��W�S��©ªIÛ


h�S"4��5 
� z%�Þ�i�%
&�è%I��I�xy
&�è

(�w��z
IùÞ3�5xy
&�è��S%�G

4 1³.I�¸uQ�/04�]���¶�è%Ð½>
?Ñ;(�3�4���P�³jÜ/�Wc��UV�

�R��G1@cR�(�35�u���J%T��©

ªI�R�µ¶WÐÑ��R7��UV��Û��FP


���P�xy
&�è%{�%�%è�u
&(ù



��	��

z��R5JK��i�%¶2Ú�`QuI¸NI��

ÍÎ���R��P���I���5ßIi�%
&�

è( 10 �% 1 I3�
�¶2Ú� 88%
���Æ
�
�µ¶·W¸¹3�S"
��510�% 1I��
�n
*I�RW�ÆA�i�%
&è%ñ�R�,%+,(

�¡�`�����Q�R5 
� �u��N4�Table 4X%DE��ghE%|}4��

�è�I���R�WS�~�%|}%T��+uQ

%
&è�QRI�¡�`��R�R5äå%�.|}

�i�
ëö3�°
&è�ê����W�cÄ4��

RèI���PzÇQ%I�S"(n�������Q

�R5ySQ�Æ1%I�S"��i�%��ÍÎ�
�

DE�
ghE4%�6ÍÎ�4â����u��%�

�ÍÎ
���P�¶2Ú� 100%6AI��
n*Q
��5S%z
� Fig. 14����µ¶·%ûYuQ-
�¡Ë��52005³�2007³`4%�µ¶·��`�û
���R�R�P�¶2Ú�<�� 100%6A4��

n*Q��ïÖ×489��¶2Ú� �4�K�
n

*Q��5 
 
����� ��

�

� ïÖ×IJK��ÆA!��89WÌÍ4���W�

TUV�%£�(DE�4æç3��P%Q}	�IÌ

Í�¶2ÚBC;%<��NO<(Ï¥3�z
W4�

�5z%<��NO<BC;��s 4LQ��S"


��"
�#3�z
W����5ÆA��Ûº��%

cRC�N<ºÖ+,%���û!(�R�J�ñº�

¶2ÚÈ BC;%Ï¥IË��¿4R�5 
 
�� �

 
� ïÖ×�$%Hi��&'%(g9'iWüý�UV

�4%DEIJ�)*�UVM�
=O��$'iuæ

çu+,-
¥Ò�Ó�ó�=j.Ö×Ó>N�K#Ö

×<�ó/¾�%(�ó�=j.�GIy��UV�D

EIJ�)*�UVM�
=O��$'iuæç-IJ

�Ú0('���"���5zzI1a(�3�5 
 
�����

 
1) UNFCCC (2006): Guideline for completing CDM 

-AR-PDD and CDM-AR-NM.-Clean development 
mechanism guidelines for completing the project design 
document for A/R (CDM-AR-PDD), the proposed new 

methodology for A/R: Baseline and monitoring 
(CDM-AR-NM) version 4. United Nation Framework 
Convention on Climate Change, 53p 

2) Short R., McConnell C. (2000): Extent and Impacts of 
Dryland salinity -Project 1A-DAW29-, National Land 
and Water Resources Audit. 

3) McFarlane D.J., Williamson D.R. (2002): An overview of 
water logging and salinity in southwestern Australia as 
related to the ‘Ucarro’ experimental catchment. 
Agricultural Water Management, Vol. 53. 

4) Harper R.J., Robinson N., Sochacki S.J., Smettem K.R.J., 
Pitman L. (2008): Phase Farming with trees -Field 
validation of the tree phase-, Rural Industries Research 
and Development Corporation. 

5) Sochacki S., Harper R. (2007): Report for the RITE-Forest 
Product Commission joint study at Wickepin, Western 
Australia, Project 2: Multispecies trial plots D and E. 

6) Specht A., West P.W. (2003): Estimation of biomass and 
sequestrated carbon on farm forest plantation in northern 
New South Wales, Australia. Biomass and Bioenergy, 
Volume 25-4, 363-379. 

7) Emaus D., McGuinness K., Burrows W. (2000): Review 
of allometric relationships for estimating woody biomass 
for Queensland, the Northern Territory and Western 
Australia. National Carbon Accounting System technical 
report no. 5a. 

8) Smithwick E.A.H., Harmon M.E., Remillard S.M., Acker 
S.A., Franklin J.F. (2002): Potential upper bounds of 
carbon stores in forests of the Pacific Northwest. Ecol. 
Appl. 12, 1303–1317. 

9) Van Tuyl S., Law B.E., Turner D.P., Gitelman A.I. (2005): 
Variability in net primary production and carbon storage 
in biomass across Oregon forests - an assessment 
integrationg data from forest inventories, intensive sites, 
and remote sensing. For. Ecol. Manage. 209, 273-291. 

10) AndersonW.K., Garlinge J.R. (2000): The wheat book - 
principles and practice / compiled-. Bulletin of Western 
Australian Department of Agriculture, no. 4443. 

11) Granier A., Biron P., Köstner B., Gay L.W., Najjar G. 
(1996): comparisons of xylem sap flow and water vapour 
flux at the stand level and derivation of canopy 
conductance for scots pine. Theoretical and applied 
climatorogy. Vol.53, 115-122. 

12) 234�u6E5�u30� ñB2003CGranier,(
wR�ä×öÁ%¨Ê6� �7¶8¶9^Ó:;7



��
��

Vol.16, 13-22. 
13) Forest Product Commission (Publication year was not 

mentioned): Trees to fight salinity on farms. commonwealth 
of Western Australia (http://www.fpc.wa.gov.au/content_ 
migration/about_us/publications.aspx). 

 

 
 
 
 
 
 

�

�

�


