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Abstract
A system to overcome dry land salinization of farming systems in medium to low (300-600
mm) rainfall areas of southern Australia is proposed. Phase farming with trees (PFT) is
designed to use trees grown in very short term rotations (3-5 years) to rapidly de-water
farming catchments at risk of salinity, by depleting soil water while producing utilizable
products such as wood fibre and biomass. The tree phase is followed by an agricultural phase
of a length defmed by the persistence of the hydrological buffer created by the trees. The
system thus utilizes a resource (groundwater recharge) that is contributing to environmental
problems while building more sustainable agricultural systems. Potential benefits include
decreased salinization, improved soil structure and acting as a disease and weed break.
Production of large amounts of biomass suitable for "green" electricity will decrease
Australia's emissions of Greenhouse gases.

The biophysical feasibility of PFT was assessed for several sites in the 300-600 mm rainfall
zone of southern Australia using the WAVES model. Several scenarios were examined, with
these suggesting broad differences in likely response to the PFT system. The modelling
suggests that the premise of the PFT system (viz. depletion of sub-soil moisture reserves
under trees and subsequent recharge under agriculture) is realistic. Moreover, the outputs
suggest different tree planting strategies according to soil and hydrological conditions.
Introduction
Salinity

Rising groundwaters and resultant salinity threaten agricultural land, conservation reserves and
water resources across southern Australia. This problem has been induced by the widespread
removal of deep-rooted native vegetation for farming, and replacement with shallow-rooted
annual plants. The reduced water-use has resulted in rising water tables that mobilise salt
stored in the regolith. Saline groundwaters enter plant root zones, or discharge on the ground
surface (Bettenay et al. 1964; State Salinity Strategy 1996; Hatton and Nulsen 1999).
In Western Australia 1.8 Mha is currently salinized, with 6.1 Mha likely to be affected in the
future; respective Australia-wide estimates are 2.5 and > 15 Mha (F erdowsian et al. 1996;
State Salinity Strategy 1996; Prime Minister's Science Engineering and Innovation Council
1998). Effects of salinity include the destruction of farmland, conservation reserves,
infrastructure and water resources, with the capital value of salinized agricultural land in
Western Australia alone being ~$1.4 billion (State Salinity Strategy 1996).
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Williams (1999) suggests that land use systems capable of reducing salinization and providing
an adequate income are not currently available for large areas of Australia's agricultural zone.
We know that salinity control can be obtained by controlling groundwater recharge and that
trees can achieve this (Schofield 1990; Hatton and Nulsen 1999). Not only are trees relatively
cheap to establish and maintain compared to drains or diversion systems, but they have the
potential to produce saleable products such as timber, pulp or fuel-wood with the benefit of
diversifying farm incomes (Shea and Bartle 1988). With the scale of the salinity problem, the
area ofland that needs to be revegetated is ~3 million ha in Western Australia alone, assuming
that 30% of the land needs to be planted to control salinity (State Salinity Strategy 1996).
Trees also provide a solution to other forms of land degradation prevalent in this region, such
as wind erosion (Carter 1995).
Given the scale and increase in salinity, rapid deployment of trees is required to restore the
hydrological balance over large areas and minimise the areas affected. Whereas there has been
widespread adoption of trees in higher rainfall areas, adoption of trees in lower rainfall areas
has been limited for several reasons. Apart from generally low initial rates of adoption of new
farm technology, we speculate that reasons include (a) uncertainties about returns, (b)
uncertainties about where to plant trees for best hydrological impact, (c) limitations on the
effectiveness of trees, and (d) conflicts with agricultural activities.
Phase Farming with Trees (PFT)
We propose an innovative system that would use plantings of medium-high rainfall
commercial species in lower rainfall areas, in ultra-short rotations (3-6 years) to quickly dewater the local area while producing biomass. We have termed this Phase Farming with Trees
(PFT). In the PFT system trees would be used as temporary elements in rotations with
annual cropping. They would be planted at higher densities to force use of both the annual
rainfall and water that has accumulated in soils during the agricultural phase. The trees would
be harvested when the accumulated water has been evaporated, probably within 3-5 years
after planting. Plantings would be in wide strips, blocks or whole paddocks depending on crop
rotation and land-holder preference. The harvested trees would be sold as feed-stock for
industry or used for bio-energy. Annual cropping would then resume.

Despite poor long-term survival of the trees, it is expected that prior to death they will
exhaust stored un-saturated soil moisture that has accumulated under annual crops and pasture
since clearing. Depleting the water will help restore catchment hydrological balances. Instead
of relying on water to move (slowly) through the landscape to strategically (and uncertainly)
placed trees, trees in strips or blocks will be rotated across the landscape at relatively short
intervals, using water locally. Because trees are moved across the landscape, optimum tree
placement is of reduced importance. Conflicts with farming practice will also be reduced and
traditional farming systems can be maintained in the areas not planted to trees.
If successful this system will allow the rapid expansion of tree planting in low rainfall areas
across southern Australia, with:
(a) the rapid restoration of catchment water balances,
(b) the utilization of a resource (stored soil water) which is currently contributing to
environmental problems,
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(c) the production of wood fibre and non-wood products,
(d) an impact on Australia's net carbon dioxide emissions by providing both a carbon sink in
the vegetation and a feedstock for bio-electricity, and
(e) the development of more sustainable agricultural systems through the reduction in
salinization, providing a disease and weed break and "biological ploughing" of sub-soils.
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Fig. 1 Conceptual diagram showing phase farming with trees with its associated cycle of soil
water storage (mm)
The PFT system has no direct counterpart in forestry, with short rotation systems invariably
involving permanent plantings that are coppiced at regular intervals; our proposal in more akin
to phase cropping with perennial agricultural plants such as lucerne (Medicago sativa).
Similarly, the system could involve practices normally avoided in lower rainfall forestry
including high planting densities and substantial inputs of fertilizer to promote early growth
and water use. Although we have not made an explicit comparison with lucerne the major
advantages of phase cropping with trees are likely to be a greater depth of rooting, and hence
water depletion. Likewise, the development of a larger canopy which will enhance both
evapotranspiration and rainfall interception, and ancillary benefits such as maintaining soil
macropores and the introduction of recalcitrant forms of carbon.
A scoping study was undertaken to determine feasibility of the PFT system in medium to low
(300-600 mm) rainfall areas of southern Australia (Harper et al. 2000). That study examined
various aspects of the PFT proposal including (a) identification of likely end-products, (b)
modelling of the likely effects of the system on catchment water balances, (c) identification of
likely impacts on soil physical, chemical and biological properties, and (d) an overall economic
analysis. In this paper we briefly describe the results of the biophysical modelling and the
general likelihood of the PFT system working.
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Biophysical analysis
In the absence of appropriate growth and hydrological data the WAVES model (Zhang and
Dawes 1998) was used. This examined the bio-physical feasibility of the system in both
Western Australia (Merredin, mean rainfall 320 mm, potential evapotranspiration 1800 mm)
and the Murray Darling Basin (Walpeup, Victoria (340 mm, 1750 mm) and Hillston, NSW
(581 mm, 1750mm)). The WAVES model was run using real rainfall data for each location.
Several scenarios were examined, with these suggesting broad differences in likely response to
the PFT system. The modelling suggests that the premise of the PFT system (viz. depletion
of sub-soil moisture reserves under trees and subsequent recharge under agriculture) is
realistic.

20m deep sandy soils. Here PFT depleted soil water storage and stopped the recharge
1)
under agriculture (100 mm/year) within 2-3 years of planting. The high recharge rates resumed
3 years into the next agricultural phase. PFT is not suitable for such soils with the best
strategy being permanent blocks of trees.
2)
Soils with 1 m ofsand overlying 2 m of clay, with and without a fresh water table and
with a saline water table. Here recharge rates returned to a maximum within 1-5 years of
clearing the trees. It is likely that soil salinity will accumulate under the trees grown over a
saline water-table, with this requiring leaching before another rotation is possible. Permanent
plantations of salt tolerant perennials are recommended in these situations.

Soils with a clayey surface horizon. Here the rates of recharge are very low (1
3)
mm/year) under agriculture and trees may only be required at very long rotation intervals
(~decades).

4)
Soils with 1 m ofsand overlying 9 m of clay. Here PFT depleted soil water storage and
stopped recharge within 3-4 years of tree planting. In contrast to the other sites, recharge did
return to peak rates of 67 mm/year for 17 years following a return to agriculture. It may be
possible to get zero recharge with a system with 5 years of trees and 10 years of crop.
This last situation corresponds to broad areas of southern Australia, and Western Australia in
particular, where the regolith may be up to 30m deep. The key question is whether this depth
of soil is exploitable by tree roots. Limited data in higher rainfall zones suggests that tree roots
have grown to at least 9 m depth within 6 years of planting Eucalyptus globulus (Harper and
Crombie, unpub.) The effect of sub-soil conditions on the depth of rooting, and in particular
the effects of stored salt, with or without water tables, is not known and needs to be resolved.
In the one case examined in this work, salt leached out of the soil profile much more slowly
than it built up, and leaching caused transient but substantial increases in soil water salinity.
The presence ofsalt complicates the question of a sustainable and economically viable system
so greatly that more detailed work is required to find any general patterns. The concept of a
critical groundwater depth may be useful in this context.

Discussion
The biophysical analysis suggests that in areas with deep, root penetratable regolith, phase
farming with trees is quite likely to reduce recharge under dryland agriculture and provide
storage for out-of-growing season rainfall while allowing the continuation of farming. It must
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therefore be considered a strong candidate technique for overcoming salinity problems and
ensuring the sustainability of dryland farming systems. To reiterate from the introduction,
these farming systems are under severe threat from salinization over broad areas and there is a
strong imperative for action. Hydrological benefits are likely to be further enhanced by
improved soil conditions that will lead to more sustainable long-term land use (Abbott and
House 2000).
PFT is marginally suitable or not suitable for other hydrological situations, such as deep
sandy soils or soils with 1 m of sand overlying clay, that are freely drained or are connected to
either fresh or saline water tables. In these situations, although trees control recharge under the
trees, it rapidly (1-5 years) returns to the pre-tree situation on removal of the trees and
reversion to annual agriculture.
This analysis also has implications for farm forestry in this region, suggesting different tree
planting strategies are needed according to broad differences in soil and hydrological
conditions. It is feasible that these different situations can be mapped and different farm
forestry treatments applied to specific sites. For example, deep sandy soils and those with an
accessible fresh groundwater table may require permanent revegetation, sites with small
recharge rates may not need revegetation, and sites with deep soil profiles could be treated
with PFT.
The PFT system is not profitable in 300-400 mm rainfall regions if considered in terms of
gross-margins alone (Challen 2000). This analysis assumed a product with a moderate return
(Eucalyptus globulus for pulp-wood) but an assured market. Options to increase profitability
by decreasing the costs of growing and harvesting the trees appear limited given that with
direct seeding costs are comparable to normal crop establishment and harvesting is also a lowcost operation. The best option for profitability is to increase yields, or the value of the
products obtained. Other, more valuable species may be developed in the future as a result of
current investigations for commercial low-rainfall zone forestry species. Of critical importance
is that any economic analysis should also bring any land conservation benefits to account. In
the future access of farm products to particular markets may depend on meeting sustainability
criteria or sustainability may be mandated by regulations.
Limitations and future work
The scoping study indicated several areas where further research needs to be undertaken, most
of which are focused on resolving whether the basic premise of our proposal-water removal
to depths of 10 m over wide areas of low rainfall-is achievable in 3-5 years using trees.
These include:
~

The hydrological modelling suggests that with readily penetrable soils PFT can achieve the
desired aims of stopping additional recharge and depleting water in unsaturated stores.
However, the root penetrability of soils in the target zone is unknown and in particular the
impacts of stored salt in deep profiles and physical constraints.

~

Developing techniques for removing tree stumps prior to returning to agriculture,

~

Determining actual growth rates over the first 3-5 years (i.e. the likely length of a PFT
rotation) need to be determined for different species and related to variations in climatic
and soil/hydrological conditions.
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Determine whether growth, and water use, can be enhanced through management inputs
(fertilizers, stocking) to shorten the PTF phase.

In conclusion, we suggest that phase farming with trees presents a major opportunity of
producing a sustainable agricultural system for dryland areas of southern Australia. It requires
investment to field-validate the modelled outputs, optimize the system for different site
conditions and demonstrate its potential to landholders.
Acknowledgements
We thank the Joint Venture Agroforestry Program (RIRDC, FWPRDC, LWRRDC) for
funding the scoping study (project CAL-3A).
References
Abbott, L. K., and House, C. (2000). Potential impact of phase farming with trees on soil biological fertility. In
'Phase farming with trees: a scoping study of its potential for salinity control, soil quality enhancement and funn
income improvement in dry land areas of southern Australia.' (R. J. Harper, T. J. Hatton, D. S. Crombie, W. R.
Dawes, L. K. Abbott, R. P. Challen, and C. House Eds), pp. 21-8. (Rural Industries Research and Development
Corporation: Canberra.)
Bettenay, E., Blackmore, A. V., and Hingston, F. J. (1964). Aspects of the hydrologic cycle and related salinity
in the Belka Valley, Western Australia. Australian Journal of Soil Research 2, 187-210.
Carter, D. J. (1995). Storm. Journal of Agriculture, Western Australia 36, 82-7.
Challen, R. P. (2000). Economic feasibility. In 'Phase farming with trees: a scoping study of its potential f<r
salinity control, soil quality enhancement and farm income improvement in dry land areas of southern Australia.'
(R. J. Harper, T. J. Hatton, D. S. Crombie, W. R. Dawes, L. K. Abbott, R. P. Challen, and C. House Eds),
pp. 29-39. (Rural Industries Research and Development Corporation: Canberra.)
Ferdowsian, R., George, R. J., Lewis, F., McFarlane, D. J., Short, R., and Speed, R. (1996). The extent cf
dryland salinity in Western Australia. In Proceedings 'Productive Use and Rehabilitation of Saline Lands,'
Albany, Western Australia 25-30 March 1996, Promaco Conventions. pp 89-97.
Harper, R. J., Hatton, T. J., Crombie, D. S., Dawes, W. R., Abbott, L. K., Challen, R. P., and House, C.
(Ed.). (2000). 'Phase farming with trees: a scoping study of its potential for salinity control, soil quality
enhancement and farm income improvement in dryland areas of southern Australia.'(Rural Industries Research
and Development Corporation: Canberra.)
Hatton, T. J., and Nulsen, R. A. (1999). Towards achieving functional ecosystem mimicry with respect to water
cycling in southern Australian agriculture. In 'Agriculture as a Mimic ofNatural Ecosystems.' (E. C. Lefroy, R.
J. Hobbs, M. H. O'Connor, and J. S. Pate Eds), (Kluwer: Dordrecht, Netherlands.)
Prime Minister's Science Engineering and Innovation Council (1998). Dryland salinity and its impacts on rural
industries and the landscape. Department oflndustry, Science and Resources, Occasional Paper 1.
Schofield, N.J. (1990). Determining reforestation area and distribution for salinity control. Hydrological Science

Journal35, 1-19.
Shea, S. R., and Bartle, J. R. (1988). Restoring nature's balance: the potential for major reforestation of south
western Australia. Landscape 3, 3-14.
State Salinity Strategy (1996). Salinity: a situation statement for Western Australia. A report to the Minister cf
Primary Industry and the Minister for the Environment. Government of Western Australia.
Williams, J. (1999). Biophysical aspects of natural resource management. In Proceedings 'Outlook 99,
Proceedings of the National Agricultural and Resources Outlook Conference,' Canberra, 17-18 March, 1999.
ABARE. 1, 113-23.
Zhang, L., and Dawes, W. R. (1998). WAVES: An integrated energy and water balance model. CSIRO Land
and Water, Technical Report 31/98.

79

