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Many dryland fanning systems in temperate Australia drain more water beyond the root zone
than natural ecosystems. This is a problem because groundwater dissipation in the Australian
landscape is slow and the change from native vegetation to annual cropping has been associated with
rising water tables and the mobilisation of salt. It is ironic that in Australia, both water and nutrients
limit agriculture, yet it is the loss of both beyond the root-zone of annual crops and pastures that is the
fundamental cause of salinity and acidification [1].

New farming systems that are more productive and reduce drainage must be introduced. This
challenge is to satisfy future food and fibre demands without degrading the natural resource base
critical to future generations. Farmers are being challenged to implement new 'sustainable' systems
of land use. It is essential that mistakes of the past are not repeated and that the environmental
impacts of the proposed changes are understood before being implemented. For these reasons, it is
essential to understand their soil water and chemical dynamics, and assess the findings against the
resilience of the landscape to undergo change.

This paper summarises findings of studies from several sites near Wagga Wagga, NSW, on
annual crop/luceme rotations. The water balance of different cropping systems in five paddocks was
monitored and compared with that under a native white-cypress forest. Measurement and modelling
approaches have been used to investigate the water balance. In one paddock, two weighing lysimeters
(1.8 m deep) provide estimates of evapotranspiration {Et) and drainage (D). Rainfall is measured with
an automatic weather station and changes in soil water storage are monitored in the paddock using
neutron moisture meter and time domain reflectometry [2]. At other paddocks, continuous water
balance measurements were limited to rainfall and changes in soil water contents, although Bowen
ratio measurements of Et were made from time to time in some of the paddocks. Crop sequences
have included cereals (wheat or triticale), canola and lucerne.

Cumulative Et for the triticale, wheat and lucerne in its second year exceeded rainfall between
23 March 99 and 13 December 99, indicating that these crops used soil water that had been stored
from the previous summer (Fig. 1). Of the crops and lucerne, canola was the poorest water user,
using less water than rainfall and resulting in a net storage of water in the soil profile. The lower
water use by canola during the period from sowing to harvest of the cereal crops is consistent with
previous findings. However, lucerne undersown in the canola can make up this difference.

Second year lucerne used more water than rainfall, whereas lucerne planted in July 99 was still
getting established and its water use was about the same as rainfall (Fig. 1). Wheat had the highest
cumulative Et, and the highest excess of Et over rainfall. This is possibly because it followed a canola
crop, which leave excess water behind in the soil profile, which is readily available to the following
crop.

Water use in the forest was less than rainfall, for the period shown (Fig. 1). However, after a
full 12 months, water use in the forest was slightly greater than rainfall. In the forest, more water
moved to depths greater than 1.2 m (the effective rooting depth of annual crops) in winter than under
the crops, but more water from below 1.2 m was used when required in summer. Lucerne behaved
more like native vegetation and used water throughout the year, at high rates in summer if water was
available. It is a high water use alternative to be grown in rotation with annual crops because it can
root to a depth of at least 3 m and effectively scavenges plant available water from below the root
zone of annual crops. The extraction of soil water below the rooting depth of annual crops, built up
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from several years of cropping, reduces the likelihood of deep drainage in the subsequent winter by
creating a buffer for water storage.
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Fig. 1. Water use of annual crops, lucerne and native vegetation as a function of seasonal rainfall (23 March 99
to 13 December 99).

Variation of rainfall from year to year makes it difficult to get an accurate picture of the effect
of different cropping systems on water and chemical dynamics. Simulation modelling provides a
means to explore these interactions, provided the models incorporate important processes adequately
and can be shown to reproduce field behaviour within the bounds of experimental error. Simulations
using APSIM (Agricultural Production Systems Simulator [3,1]) run on historical weather data (1957
to 1997) confirmed the potential of lucerne to keep the soil drier and reduce drainage in a rotation.
After removing the lucerne, soil water storage gradually increased under wheat, and was similar to
that under continuous wheat after 2-3 years. The refilling of the buffer depends on the timing and
amount of rainfall as well as soil type and crop rooting depth. For the scenario simulated the wheat
phase should probably not exceed 2-3 years. Furthermore, the simulations show that drying out under
lucerne happens rapidly and often within the first summer/autumn of the lucerne phase, with little
difference in water use between lucerne and wheat during the winter/spring. These results suggest
that the lucerne phase should be a minimum of 1 year.
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