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Abstract

In southern Australia a fallow period provides an opportunity to store water for the subsequent crop.
Experimental data are presented that show that fallow management, in particular that of weeds and
residue cover, not only affects the amount of water stored or lost during the summer, but also has an
effect on the loss of water past the root zone during the subsequent growing season. Model simulations
capture these effects and a scenario analysis indicates that retaining residues past sowing increases the
risk of deep water loss relatively rapidly. This suggests that managing weeds and residues according to
seasonal conditions has the potential to balance the agronomic benefits and environmental impacts of
water storage.

Media summary

Analysis of experimental data and model simulations shows that summer fallow management in dryland
cropping affects the risk of deep water loss.
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Introduction

In southern Australia annual crops such as spring wheat (Triticium aestivum) and canola (Brassica napus)
are grown over winter to make use of the relatively short period when rainfall exceeds potential
evapotranspiration. Highly variable growing season rainfall means that these systems often rely on saoill
water conserved during the preceding short summer fallow (December — May) or long fallow
(August/September — May). While summer weeds are sometimes retained for grazing, the fallow period is
also used to break the cycles of leaf and root disease, which requires strict control of weeds. A
combination of weed control and residue retention maximises soil water storage. In wetter years,
however, this increases the loss of water and nutrients beyond the roots of crops and pastures. Although
research on residue retained (no tillage) systems has focussed on their benefit in storing soil water, their
impact on increasing deep water loss (deep drainage) has also been observed (O’Leary et al. 1996;
Turpin et al. 1998; Kirkegaard et al. 2001). Minimising deep water loss is required to avoid land
degradation and dryland salinity (Keating et al. 2002; Williams and Gascoigne 2003).

In this paper we explore the relation between fallow management and the risk of deep water loss through
analysis of experimental data and model simulations. We focus on summer fallows in the cropping phase
for a temperate climate with a mean annual rainfall of 558 mm, 63% of which falls between April and
October (Wagga Wagga, NSW, Australia). While many of the observations will apply equally to drier
and/or more Mediterranean climates, the magnitudes of certain effects may differ.

Materials and methods

Soil water content was monitored in four paddocks (all Red Kandosol soils) at three sites near Wagga
Wagga, NSW between 1998 and 2000. Measurements were made to a depth of 3 or 6 m with the neutron
moisture meter method at intervals of 2 to 6 weeks. Net summer water storage or loss within the root
zone (1.3 m), and annual drainage loss from it, were calculated. One of the paddocks (at Charles Sturt
University, Wagga Wagga) had two replicate weighing lysimeters (‘north’ and ‘south’) allowing direct
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assessment of evapotranspiration (Et) and drainage. The lysimeters were managed to represent the
conditions of the field as closely as possible, but had 90-95 % of crop residues removed when biomass
was measured at harvest.

Simulations of the lysimeter data reflected the experimental history of annual crops and a 4-year lucerne
phase. They were carried out with the APSIM model (Agricultural Productions Systems Simulator; Keating
et al. 2003; version 2.1). Configuration and parameterisation details were given by Verburg and Bond
(2003). Rainfall for the simulations was obtained directly from the continuous lysimeter output when
possible. In addition, long-term scenarios were set up to reflect a continuous wheat cropping system.
These simulations used historical weather data (1957-2003) obtained from the SILO Patched Point
Dataset (Jeffrey et al. 2001) for the nearby Australian Bureau of Meteorology station 73127. Sowing of
wheat was conditional on rainfall within a sowing window (1 May — 15 June) or sown “dry” on 15 June.
Simulation scenarios were run for four years and repeated 44 times by starting them every year from
1957 to 2000. The first three years of the simulation were identical in each scenario to minimise
initialisation effects. Fallow management was varied after the third year and its effect evaluated during
that fallow and subsequent growing season.

Experimental results
Field evidence

Deep water loss measured in the four paddocks was most affected by growing season rainfall and soil
water deficit at sowing (Fig. 1). While it is not possible to control rainfall, the soil water deficit at sowing
can be managed. It is affected by soil water deficit after the preceding crop and the storage or loss of
water during summer. The former is optimised by good management of the crop, while the latter is
affected by summer rainfall and management of plant growth and residues in summer. This is illustrated
by the contrasting behaviour of two of the experimental sites during the 1999-2000 summer fallow (Table
1). At site 1 ("Waerawi", Old Junee, paddock D4) canola resprouted in response to 174 mm of rain
between windrowing in early November and 31 December. During the summer fallow this caused a
depletion of soil water storage of 29 mm. In contrast, site 2 (Charles Sturt University, Wagga Wagga,
paddock 14) was covered with thick triticale residue and although its rainfall for the period was slightly
less than at site 1, there was a net gain of 38 mm over summer. During the subsequent growing season
this led to deep water loss (past 1.3 m) of 26 mm, whereas none was observed at site 1.

Table 1: Comparison of water balances of two sites between December 1999 and September 2000.

Site 1 Site 2

Soil water deficit at harvest in November/December 1999 62 mm 76 mm
Change over summer fallow 29 mm used 38 mm stored

Soil water deficit at sowing in June 2000 91 mm 38 mm

Deep water loss (below 1.3 m) winter 2000 0 mm 26 mm
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Figure 1: Correlation between deep water loss and growing season rainfall and soil water deficit at
sowing.

Lysimeter evidence

There was a difference in Et between the two lysimeters in all but two summer fallow seasons between
December 1992 and July 2002, ranging from 11 to 54 mm. Observations during the last three summer
fallows indicated that different weed growth was responsible. During the 2001-02 summer fallow
sufficiently detailed measurements were made to demonstrate that when weeds were included in APSIM
simulations the different Et of the two lysimeters was predicted (Verburg and Bond, 2003).

Different weed growth during the summer fallow was also found to impact quite strongly on drainage
collected from the lysimeters in 1993 (Fig. 2). Although the north lysimeter received supplementary
nitrogen fertiliser in August, cumulative Et from the two lysimeters differed by less than 6.5 mm until early
October. Most drainage had already occurred by late September, with significant differences between the
two lysimeters in both amount and timing. The lysimeters were shown to have the same water storage at
harvest in 1992. This implies that the different drainage patterns observed in 1993 were a consequence
of different water loss during the 1992-93 summer fallow. Simulations discussed in the next section
indicate that this can be explained by different weed growth.

Differences in drainage between the two lysimeters for the whole 9? year record are striking (Table 2).
The lysimeters were managed identically during the cropping seasons, except for extra fertiliser applied to
the north lysimeter in 1993, and an irrigation experiment carried out on only the south lysimeter in 1996,
which contributed a difference of <5 mm in drainage in 1993, and 40 mm in 1996. The remaining
difference is attributed to differences during the summer fallow, as confirmed by the simulations
discussed below.

Table 2: Measured and predicted cumulative drainage (mm) from the lysimeters (1.8 m) between
December 1992 and July 2002.

North lysimeter South lysimeter
Measured 69 197

Simulated 59 177
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Figure 2: Observed cumulative Et (a) and observed Figure 3: Effect of time of residue removal on
and predicted drainage at 1.8 m from lysimeters (b) predicted long-term (1960-2003) average
during the 1993 growing seasons. deep water loss at 1.2 m.

Simulations

Verburg and Bond (2003) presented a detailed evaluation of the water balance capabilities of APSIM
using data from the lysimeters. They showed that the model captured the different drainage behaviours of
the two lysimeters, with measured and simulated drainage for the whole 9? year simulation period
agreeing closely with observations (Table 2). When detailed information on weed dynamics was available
its water use was also simulated very well (Verburg and Bond 2003). There has been little testing of
residue impacts, largely due to a lack of adequate data, but the limited evidence presented by Verburg
and Bond (2003) suggests that the model captures the effects on water storage satisfactorily, subject to
uncertainties caused by residue configuration (standing vs. flat). This provides the necessary confidence
to carry out a simulation analysis of the implications of the practice of retaining residues.

Previous studies on the impact of surface residues on soil water storage have pointed out that the effects
are most marked when rainfall occurs regularly (Felton et al. 1987; Fischer 1987). The effects of different
residue management will, therefore, be greater in wetter summers. We hypothesize that the effects of
residue cover on soil water storage may also be more marked following the autumn break, when rainfall
events tend to be more frequent and evaporative demand is lower. To test this hypothesis we studied the
effect of the date of 90% residue removal on deep water loss during the subsequent growing season. By
resetting the residue amount at the start of the fallow season to 4 t/ha and not allowing decomposition to
take place, the effect of timing of removal was evaluated for the natural variation from year to year of soil
water and rainfall, but in the absence of the confounding effect of varying residue amounts. An amount of
4 t/ha was chosen because it would not interfere with the sowing operation. It was further assumed that
crop establishment was not affected by the residue cover and that summer weeds were controlled
perfectly.

The results indicate that the effect of residue cover was indeed more critical late in the fallow period and
early in the growing season before transpiration becomes significant (Fig. 3). During this period the long-
term average deep water loss increased relatively rapidly for every extra week that residue cover was
retained. Of course removal of residues between sowing and harvest is not possible in reality, but it does
point out that the risk of deep water loss is reduced by residue removal before the growing season, using



a light burn, or practices that enhance decomposition, such as mulching or rolling. Removal of 90% of
residues on 1 May resulted in 42% less drainage (44 year average) than if they were left until harvest.
This benefit is, however, accompanied by a 14% reduction in yield for the well fertilised and disease-free
conditions simulated. The effect of residue management on deep water loss and yield in individual years
depends on seasonal conditions; for example in very dry years the extra yield obtained by retaining
residue is not accompanied by an increase in deep water loss, and in very wet years the reverse is true.
Residue management should therefore be adjusted in accordance with the seasonal conditions to
minimise the risk of deep water loss while maximising yield. Deriving guidelines to balance these benefits
and penalties is the subject of ongoing research and will include socio-economic as well as biophysical
considerations.

Concluding remarks

The experimental and simulation analyses presented here suggest that water storage or loss during the
fallow impacts quite strongly on the risk of deep water loss. This means that fallow management needs to
find a balance between agronomic benefits and environmental impacts of water storage. In particular it
has to be more responsive to seasonal conditions and aim for less year to year variation in soil water
deficits at sowing than would be the case if one managed for optimal productivity or minimal
environmental impact alone.
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