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Abstract
Growers and advisers face an array of options when considering what rotation and tillage management 
practices to use. The SCRIME (Sustainable Cropping Rotations In Mediterranean Environments) experiment 
was established in 1998 on a Vertosol soil in a 425 mm rainfall environment in the Victorian Wimmera to 
assess how rotation and tillage practice influence long-term crop productivity and the underpinning soil 
resource. Since 2004, seasonal conditions have ranged from several years of drought and  crop failure to 
a 1 in 200 year rainfall event. Results indicated that fallowing consistently produced higher wheat yields 
than continuous cropping, whereas the use of a green manure (vetch) did not. Long-term tillage (zero vs 
conventional) practice had no significant effect on the grain yields of wheat. Inclusion of a green manure or 
a 3 year lucerne phase produced significantly greater soil C and N whereas fallowing resulted in lower N 
and C compared to other treatments. Increased soil total N and C did not necessarily result in higher plant 
available N levels at sowing. Results from SCRIME demonstrated the value of long-term trials to understand 
the complex inter-relationships between management, crop productivity and the soil resource. 
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Introduction
During the 1990’s there was a fundamental change in cropping systems in the medium rainfall zone of 
south-eastern Australia towards continuous cropping (fewer pastures, resulting from decreased wool prices), 
reduced fallowing and the development of non-cereal cropping options such as canola and high value pulses. 
There has also been a progressive shift away from mechanical cultivation to conservation cropping practices.

As well providing a major economic benefit as a commodity, rotations with non-cereal crops such as canola 
and pulses provide important benefits to the cereal phase via improved nitrogen nutrition and weed and 
disease breaks (Kirkegaard et al., 2008). The complexity of different rotation options makes understanding 
the impact of different rotation options on subsequent crops difficult to assess. Recently a GRDC funded 
‘Break – Crop’ Initiative has assessed short-term impacts (< 5 years) of rotations on wheat. However changes 
in agronomic management practices, including rotations and tillage practice, can produce small changes 
e.g. soil nitrogen (N) and carbon (C), that are difficult to detect in the short-term but which can significantly 
impact on the productivity and sustainability of these systems in the longer-term. 

This paper reports some key findings from the long-term experiment SCRIME (Sustainable Cropping 
Rotations In Mediterranean Environments). SCRIME aims to assess how different rotations (pasture 
legumes, pulses and oilseeds) and tillage practices affect the productivity and sustainability of the 
underpinning soil resource. In this paper we focus specifically on changes in grain yields of wheat since 2004 
and soil N and C levels in selected treatments.

Methods
Treatments were designed to represent the very diverse rotational options available to grain growers in 
medium rainfall environments of south-eastern Australia. The experiment originally comprised 10 rotations 
x 3 or 6 phases x 3  replicates (total of 108 plots) in plots 14 m wide by 36 m long, but since 1998 some 
changes have been made in response to industry interest and prudent agronomic management. In 2004, 
Treatment 2 (continuous wheat – 2 x rate of sowing N and P fertiliser) was modified to canola-wheat-pulse 
(zero tillage), allowing direct comparison with reduced and conventional tillage viz. T6 and T7, respectively. 



© 2015 “Building Productive, Diverse and Sustainable Landscapes “
Proceedings of the 17th ASA Conference, 20 – 24 September 2015, Hobart, Australia. Web site www.agronomy2015.com.au

Phase 2 (wheat) is used as a ‘bioassay’ of the rotation effect within the trial. This design combines benefits 
of both ‘rotation’ and a ‘break crop’ experiments (Angus et al 2015). SCRIME is located on an alkaline grey 
Vertosol soil, which had a long history of prior cropping. 

The Treatments were:
1. continuous wheat (WWW)
2. canola - wheat – pulse: Zero Tillage (CWP ZT)
3. pulse - wheat - barley (PWB)
4. green manure/fallow - wheat – barley (GmWB) 
5. pulse - cereal - pulse (discontinued in 2008)
6. canola - wheat – pulse: Reduced till / stubble burnt (CWP RT)) 
7. canola – wheat - pulse : Conventional tillage/ stubble incorporated (CWP CT) 
8. lucerne - lucerne – lucerne/fallow - canola - wheat - pulse (LLL CWP)
9. green manure - canola - pulse – medic pasture - wheat - barley (GmCPMWB)
10. fallow – wheat – pulse (FWP)

Except for T7 and T2, treatments are managed as reduced tillage where stubble is burnt in April (depending on 
stubble load). The pulse phase was chickpeas (1998), field peas (1999-2012) and lentils (2013 to date). Pastures 
and the vetch green manure are slashed and the residue retained on the plots. A basal application of MAP and 
urea (19 kg P/ha and 27 kg N/ha) was applied with the seed at sowing; in 2011 this basal N rate was reduced 
to 8.7 kg N/ha. A subplot comprising application of additional N (23 kg N/ha urea topdressed at mid tillering) 
has been incorporated into the Phase 2 wheat plots to permit an assessment of the N responsiveness of the 
treatment since 2007. Grain yield was measured using a small plot header. Grain protein was measured by NIR: 
Weather data are collected from the automatic BoM station located approximately 500 M away. Soil total N and 
C content (0-10 cm) was measured on samples collected in February 2014 from selected plots and total C and 
N were determined by combustion using a Leco™ analyser (Rayment and Lyons 2011). The topsoil (0-10 cm) 
is sampled in April each year prior to sowing and nitrate determined following extraction (1:10) in 2 M KCl 
followed by colorimetric analysis on a LachatTM Auto Ion analyser.

Results
Both growing season rainfall (April-November, GSR) and annual rainfall between 2004 and 2014 were 16 
and 19% respectively below the long-term average, although annual rainfall in 3 of the 11 years (2009 to 
2011) was well above average (Table 1). 

Average wheat grain yields were generally low, including 2 complete crop failures and 3 very poor crops  
(2004, 2006 – 2008, 2014) over the 11 growing seasons reported (2004 and 2014) (Figure 1), reflecting dry 
seasonal conditions. Except in 2006 and 2009, wheat following a fallow out yielded all other treatments 
in both low and high rainfall seasons. Initially grain yields in the WWW treatment were similar to the 
other non-fallowed plots, with the exception of 2005, until 2011. Following two wet years (2010 – 2011) 
wheat yields progressively declined relative to other rotations. Since 2008, when N fertilised subplots were 
included in the experiment, there had been a nil or a negative effect of additional N on grain yields of wheat 
in 5 out of the 7 years, with an average positive yield stimulus in 2011. In 2014, adding extra N produced a 
significant grain yield response in WWW and CWP ZT treatments, a significant decrease in the GM WB and 
no effect in other treatments (data not presented).

Table 1: Growing season rainfall (GSR) and annual rainfall (mm) since 2004 
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Except for T7 and T2, treatments are managed as reduced tillage where stubble is burnt in April (depending 
on stubble load). The pulse phase was chickpeas (1998), field peas (1999-2012) and lentils (2013 to date). 
Pastures and the vetch green manure are slashed and the residue retained on the plots. A basal application of 
MAP and urea (19 kg P/ha and 27 kg N/ha) was applied with the seed at sowing; in 2011 this basal N rate 
was reduced to 8.7 kg N/ha. A subplot comprising application of additional N (23 kg N/ha urea topdressed at 
mid tillering) has been incorporated into the Phase 2 wheat plots to permit an assessment of the N 
responsiveness of the treatment since 2007. Grain yield was measured using a small plot header. Grain 
protein was measured by NIR: Weather data are collected from the automatic BoM station located 
approximately 500 M away. Soil total N and C content (0-10 cm) was measured on samples collected in 
February 2014 from selected plots and total C and N were determined by combustion using a Leco™ 
analyser (Rayment and Lyons 2011). The topsoil (0-10 cm) is sampled in April each year prior to sowing and 
nitrate determined following extraction (1:10) in 2 M KCl followed by colorimetric analysis on a LachatTM 
Auto Ion analyser. 
 
Results 
Both growing season rainfall (April-November, GSR) and annual rainfall between 2004 and 2014 were 16 
and 19% respectively below the long-term average, although annual rainfall in 3 of the 11 years (2009 to 
2011) was well above average (Table 1).  
 
Average wheat grain yields were generally low, including 2 complete crop failures and 3 very poor crops  
(2004, 2006 – 2008, 2014) over the 11 growing seasons reported (2004 and 2014) (Figure 1), reflecting dry 
seasonal conditions. Except in 2006 and 2009, wheat following a fallow out yielded all other treatments in 
both low and high rainfall seasons. Initially grain yields in the WWW treatment were similar to the other 
non-fallowed plots, with the exception of 2005, until 2011. Following two wet years (2010 – 2011) wheat 
yields progressively declined relative to other rotations. Since 2008, when N fertilised subplots were 
included in the experiment, there had been a nil or a negative effect of additional N on grain yields of wheat 
in 5 out of the 7 years, with an average positive yield stimulus in 2011. In 2014, adding extra N produced a 
significant grain yield response in WWW and CWP ZT treatments, a significant decrease in the GM WB and 
no effect in other treatments (data not presented). 
 
Table 1: Growing season rainfall (GSR) and annual rainfall (mm) since 2004  

 
 
From 1998 to 2006, there were no significant (P <0.05) effects of rotation or tillage method on C or N 
concentration (data not presented). By February 2014 however, significant treatment differences were 
apparent , with the highest stocks of soil TOC (pooled across all phases) recorded in the GM WB treatment, 
followed by CWP CT and LLLCWP treatments with the lowest SOC recorded in the FWP treatment (Table 
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From 1998 to 2006, there were no significant (P <0.05) effects of rotation or tillage method on C or N 
concentration (data not presented). By February 2014 however, significant treatment differences were 
apparent , with the highest stocks of soil TOC (pooled across all phases) recorded in the GM WB treatment, 
followed by CWP CT and LLLCWP treatments with the lowest SOC recorded in the FWP treatment (Table 
3). There were similar patterns in soil total N, with highest concentrations in the LLLCWP and GM WB 
treatments, followed by CWP CT with significantly less N (P <0.05) in the FWP treatment. Soil C:N ratio 
was lowest in LLLCWP rotation and highest in the CWP ZT and FWP treatments.
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3). There were similar patterns in soil total N, with highest concentrations in the LLLCWP and GM WB 
treatments, followed by CWP CT with significantly less N (P <0.05) in the FWP treatment. Soil C:N ratio 
was lowest in LLLCWP rotation and highest in the CWP ZT and FWP treatments. 

 
Figure 1: Grain yield of wheat phase from 2004 to 2014. Numbers represent lsd (5%). Letters after number 
represent response to additional N application: n.s. = not significant; A = positive response ; B = negative 
response; ** represents significant (P < 0.05) interaction between treatment and N fertiliser. 
 
Table 3: Influence of rotation and tillage practice on soil organic C and total N (t/ha) and C:N ratio in the 0-10 
cm layer in SCRIME (February 2014). Treatments marked by the same letter are not significantly different 
(Fishers protected l.s.d., 5%). 

 Treatment 
SOC  
(t/ha) STN  (t/ha) 

CN  
RATIO  

1. WWW 7.48 abc 0.69 b 10.9 bc 
2. CWP ZT 7.79 bcd 0.69 b 11.3 c 
4. GMWB 8.54 e 0.78 cd 10.9 bc 
7. CWP CT 8.10 cde 0.76 c 10.6 b 

8. LLL CWP 8.21 de 0.82 d 10.0 a 
10. FWP 6.98 a 0.62 a 11.3 c 

 
Profile soil nitrate measured prior to sowing each year varied markedly between treatment and season (Table 
4). Soil nitrate was generally highest when the proceeding fallow period (December – March, inclusive) 
experienced (unseasonal) high rainfall e.g. 2010 and 2011. Profile soil nitrate was consistently lowest in the 
WWW and highest in the FWP treatments, but in treatments involving a legume phase (GM WB and LLL 
CWP), the relative amounts varied inconsistently between years. For example, the two treatments with green 
manure (T4 and T9) produced the highest and second highest amounts of profile nitrate across all treatments 
in 2010 and 2011, 2012 and 2014, whereas there was no difference from the other cropped treatments in 
2009 and 2013. Long-term tillage practice did not significantly alter soil nitrate prior to sowing wheat. In the 
LLL CWP and GM WB treatments, the greater amounts of nitrate present at sowing also generally 
corresponded to a more even distribution of this nitrate throughout the profile, whereas this nitrate was 
concentrated in the topsoil in other treatments (data not presented). 
 
Discussion 
Grain yields in the Wimmera depend heavily on soil water availability, N supply and disease. In a study 
period characterised by long-term below average annual and GSR rainfall, as well as Decile 10 years (2010 
and 2011), a preceding chemical fallow consistently produced the highest yields in the following wheat crop. 
A Vetch Green Manure phase significantly increased soil total N (STN) and nitrate supply, and to a lesser 
extent soil water (data not presented), also increased the grain yield of the following wheat phase, but not to 
the same extent as the fallow. In contrast, despite high underlying STN levels (Table 3), the amount of soil 
nitrate prior to sowing wheat in the 3 year Lucerne pasture rotation were generally no different from other 
continuous cropping treatments. Consequently relatively poor wheat yields were recorded for wheat crops 
following Lucerne, the exception being in 2013, which also corresponded with relatively high soil nitrate 
levels at sowing.  

Figure 1: Grain yield of wheat phase from 2004 to 2014. Numbers represent lsd (5%). Letters after number 
represent response to additional N application: n.s. = not significant; A = positive response ; B = negative 
response; ** represents significant (P < 0.05) interaction between treatment and N fertiliser.

Table 3: Influence of rotation and tillage practice on soil organic C and total N (t/ha) and C:N ratio in the 0-10 
cm layer in SCRIME (February 2014). Treatments marked by the same letter are not significantly different 
(Fishers protected l.s.d., 5%).

 Treatment SOC 
(t/ha)

STN  (t/
ha)

CN 
RATIO 

1. WWW 7.48 abc 0.69 b 10.9 bc
2. CWP ZT 7.79 bcd 0.69 b 11.3 c
4. GMWB 8.54 e 0.78 cd 10.9 bc
7. CWP CT 8.10 cde 0.76 c 10.6 b

8. LLL CWP 8.21 de 0.82 d 10.0 a
10. FWP 6.98 a 0.62 a 11.3 c

Profile soil nitrate measured prior to sowing each year varied markedly between treatment and season (Table 
4). Soil nitrate was generally highest when the proceeding fallow period (December – March, inclusive) 
experienced (unseasonal) high rainfall e.g. 2010 and 2011. Profile soil nitrate was consistently lowest in the 
WWW and highest in the FWP treatments, but in treatments involving a legume phase (GM WB and LLL 
CWP), the relative amounts varied inconsistently between years. For example, the two treatments with green 
manure (T4 and T9) produced the highest and second highest amounts of profile nitrate across all treatments 
in 2010 and 2011, 2012 and 2014, whereas there was no difference from the other cropped treatments in 
2009 and 2013. Long-term tillage practice did not significantly alter soil nitrate prior to sowing wheat. 
In the LLL CWP and GM WB treatments, the greater amounts of nitrate present at sowing also generally 
corresponded to a more even distribution of this nitrate throughout the profile, whereas this nitrate was 
concentrated in the topsoil in other treatments (data not presented).

Discussion
Grain yields in the Wimmera depend heavily on soil water availability, N supply and disease. In a study period 
characterised by long-term below average annual and GSR rainfall, as well as Decile 10 years (2010 and 2011), 
a preceding chemical fallow consistently produced the highest yields in the following wheat crop. A Vetch 
Green Manure phase significantly increased soil total N (STN) and nitrate supply, and to a lesser extent soil 
water (data not presented), also increased the grain yield of the following wheat phase, but not to the same 
extent as the fallow. In contrast, despite high underlying STN levels (Table 3), the amount of soil nitrate prior to 
sowing wheat in the 3 year Lucerne pasture rotation were generally no different from other continuous cropping 
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treatments. Consequently relatively poor wheat yields were recorded for wheat crops following Lucerne, the 
exception being in 2013, which also corresponded with relatively high soil nitrate levels at sowing.

Table 4: Profile (0-120 cm) soil nitrate (kg/ha) prior to sowing of the wheat phase in selected treatments between 
2009 and 2014. n.d. not determined.* ANOVA-F = 0.064** Rainfall from December of previous season to March. 
Soil sampling undertaken in April each year.
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Table 4: Profile (0-120 cm) soil nitrate (kg/ha) prior to sowing of the wheat phase in selected treatments between 
2009 and 2014. n.d. not determined.* ANOVA-F = 0.064** Rainfall from December of previous season to March. 
Soil sampling undertaken in April each year. 

 
There was no clear relationship between STN (or TOC) and N mineralisation measured during the summer 
fallow. For example, STN was highest in the LLL CWP rotation and lowest in the FWP, but often the pre-
sowing nitrate levels for these two treatments were reversed. Soil water availability appears to affect the 
variation in annual N mineralisation rates (Table 4), especially as the greater potential for N mineralisation 
measured in the LLL CWP rotation (K Dunsford unpub. data) also corresponds with the reduced plant 
available water levels that generally occur after terminating the lucerne phase (McCullum et al 2001). 
Although nitrate accumulation may remain high in the short term in fallow plots, declining soil TOC and TN 
data (Table 3) suggest that this is not sustainable in the longer-term. 
 
Tillage practice did not affect wheat grain yields even after 10 years of treatment and a range of seasonal 
rainfall conditions. Zero tillage/stubble retention can benefit grain yields via improving soil water supply 
resulting from increased infiltration (e.g. Bissett and O’Leary 1996) although it can also reduce 
establishment on hard setting soils (Chan et al 1987). However in the present study, which was conducted on 
a physically well- structured Vertosol soil and in an environment characterised by low intensity winter 
dominant rainfall, zero tillage appears to provide no immediate production or soil benefits to grain 
production, at least for wheat. 
 
The continuation of SCRIME provides the opportunity to investigate other rotation and tillage related factors 
impacting on the long-term sustainability and profitability of grain production in Wimmera farming systems 
including weed dynamics and the validation of soil health indices against long-term crop productivity. 
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There was no clear relationship between STN (or TOC) and N mineralisation measured during the summer 
fallow. For example, STN was highest in the LLL CWP rotation and lowest in the FWP, but often the pre-
sowing nitrate levels for these two treatments were reversed. Soil water availability appears to affect the 
variation in annual N mineralisation rates (Table 4), especially as the greater potential for N mineralisation 
measured in the LLL CWP rotation (K Dunsford unpub. data) also corresponds with the reduced plant 
available water levels that generally occur after terminating the lucerne phase (McCullum et al 2001). 
Although nitrate accumulation may remain high in the short term in fallow plots, declining soil TOC and TN 
data (Table 3) suggest that this is not sustainable in the longer-term.

Tillage practice did not affect wheat grain yields even after 10 years of treatment and a range of seasonal 
rainfall conditions. Zero tillage/stubble retention can benefit grain yields via improving soil water supply 
resulting from increased infiltration (e.g. Bissett and O’Leary 1996) although it can also reduce establishment 
on hard setting soils (Chan et al 1987). However in the present study, which was conducted on a physically 
well- structured Vertosol soil and in an environment characterised by low intensity winter dominant rainfall, 
zero tillage appears to provide no immediate production or soil benefits to grain production, at least for wheat.

The continuation of SCRIME provides the opportunity to investigate other rotation and tillage related factors 
impacting on the long-term sustainability and profitability of grain production in Wimmera farming systems 
including weed dynamics and the validation of soil health indices against long-term crop productivity.
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