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Abstract.  The impact of different management strategies on production and profit can be evaluated with 

knowledge of how sheep production responds to changes in the available feed base and sheep or pasture 

management.  This study aimed to quantify on-farm pasture and sheep production in mixed sheep/cropping 

systems in the (325  50 mm annual rainfall) Victorian Mallee of southeastern Australia as a prelude to 

computer simulation modelling.  During 2001 (average rainfall) and 2002 (extreme drought) pasture production, 

the feed base and sheep production were monitored in 15 paddocks on 5 properties located across the region.  

Crop stubbles were the major source of feed for 6 months of the year, enabling ewes to maintain live weight.  

There was more variation in pasture parameters between paddocks at the 1 location than between locations.  The 

botanical composition, plant density, soil fertility and management were key variables associated with between-

paddock variation in pasture production.  Variation in pasture production between years was larger than within-

year differences.  In contrast, stocking rates were not much lower in the drought year of 2002 than in 2001.  This 

study suggests there is potential for management to improve pasture production, and demonstrates the 

importance of feed sources other than annual pasture for sheep production in environments where the annual 

pasture growing season is short.  

 

Additional keywords: farming system, wool, medic, grass 

 

Introduction 

Sheep production is dependent upon the seasonal supply of live pasture, pasture residues and other feed 

sources.  There is a lack of quantitative information on the production of pastures and their impact on sheep 

production on farms for the Victorian Mallee, a low-rainfall (275mm to 375mm) mixed farming region.  This has 

restricted attempts to define the impact of various management strategies on the production and profitability of 

sheep (Robertson and Wimalasuriya 2004).  Reported data are largely restricted to experiments conducted over a 

limited number of years and pastures, with limited detail of both sheep and pasture production.  For example, 

Amor (1966a;b) and Latta and Carter (1998) have broadly defined the seasonal biomass production of improved 

annual medic (Medicago spp.) pastures.  There is also information comparing the carrying capacity of improved 

and unimproved pastures or fallow (Amor 1965; Anon. 1969; Latta 1987), but neither pasture production or 

sheep live weights were detailed.  In trials comparing production with different lambing times (Parker 1987) or 

feeding strategies (Sims and Webb 1946), pasture production was not reported.  Latta (2003) is the only report 

describing both sheep and pasture production, but neither the stocking rates nor the improved pasture reflected 

common industry practice.  The few reports from commercial properties do not provide detailed descriptions of 

both sheep and pasture production (Molnar 1962; Rigby and Latta 1995; Robertson and Wimalasuriya 2004).   
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The annual pasture growing season in the Victorian Mallee is approximately 6 months (May to October).  In 

addition to pasture, sheep utilise crop stubbles and supplementary feed.  To enhance management, there is a need 

for a) quantitative information on the whole year feed base and sheep production on Mallee farms, and b) 

simulation modelling of pasture-livestock-management relationships.  In particular, the impact of climate 

variability on sheep and pasture production requires definition.   

The objective of this study was to establish benchmarks for the feed base, pasture and sheep production on 

commercial Victorian Mallee farms, as a prelude to computer simulation modelling of sheep and pasture 

production.  Monitoring of farms demonstrated large within and between year differences in pasture production, 

and the importance of variation in plant species, density, soil fertility, management and rainfall. 

 

Materials and methods 

Site descriptions 

The feed base (pasture, crop stubble, weeds, supplementary feed) and sheep were monitored on 5 commercial properties 

throughout 2001 and 2002.  Some pasture parameters were also measured in 2003.  Properties were selected at 5 locations: 

Meringur (34o29'S 141o20'E), Murrayville (35o16'S 141o11'E), Walpeup - Mallee Research Station (35o07'S 142o0'E), 

Manangatang (35o3'S 142o53'E) and Birchip (35o59'S 142o55'E).  

At least 2 paddocks were monitored at each location, except at Walpeup where only 1 paddock was used.  The Birchip 

paddocks were part of the Birchip Cropping Group Farming Systems trial.  The Walpeup and Birchip paddocks had a history 

of higher sowing rates (8-10 kg/ha) compared with the other paddocks (0-3 kg/ha).  Only 3 paddocks were sown to pasture 

during the monitoring period: paddock SW (Murrayville) at 3kg medic/ha in 2001; paddock 2 (Birchip) at 75 kg oat and 10 

kg medic in 2001; paddock 5 (Birchip) at 50 kg oat and 8 kg medic in 2002.  Fertiliser was only applied to paddocks 2 (30 

kg/ha MAP) and 5 (40 kg/ha Legume Super) at Birchip during the period of monitoring.  The pasture sowing history, history 

of sulphonylurea use and pasture management operations during monitoring are shown in Table 1.  

Meteorological data were collected only at the Mallee Research Station, and some of the co-operating producers provided 

rainfall records.  Soils at each site were not classified, but surveys of the region show soils near the Birchip site have a higher 

clay content than the other sites and are dominated by calcarosols and vertosols, while soils at the other locations are 

dominated by calcarosols (calcareous loamy (Gc1.12) or calcareous sandy (Gc1.22) earths) (Anon. 1995).  All monitored 

paddocks, except at Birchip, exhibited the typical Mallee dune/swale land formation, comprising sandy loam, loamy sand and 

sand soil textures. 

 

Insert Table 1 here 
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Soil measurements 

For each paddock 30 soil cores (0 - 10 cm depth) were collected in March, and a subsample was sent to the State Chemical 

Laboratories for chemical analysis.  All paddocks were of low fertility with mean phosphorus content of 7.7 mg/kg (range 4 

to 11 mg/kg).  Soil pH (H2O) ranged from 6.6 to 8.9; electrical conductivity <0.05 to 0.43 dS/m; organic matter 0.6 to 2.3 % 

w/w; oxidisable organic carbon 0.32 to 1.2 %w/w; and total soluble salts 0.02 to 0.13 %w/w.    

Rhizoctonia spp. and Pratylenchus spp. can reduce pasture production (Bellotti et al. 1998; Hill and Korte 1998; You et al. 

1999).  Root disease risk rating was assessed from a subsample of 30 soil cores per paddock (0  10 cm depth) collected 

during May 2001 and March 2002, and sent to the South Australian Research and Development Institute Root Disease 

Testing Service.  A medium to high risk of Pratylenchus was present in all paddocks at Walpeup, Meringur, and Birchip.  

Approximately 50% of paddocks had a medium to high risk of Rhizoctonia in 2001 or 2002.   

 

Pasture measurements 

Plant counts were obtained using a modified Carter ring method (Robertson 2003) from cores collected in February, and 

germinated in a glasshouse.  Reserves of soft seed were estimated from these plant counts, and total seed reserves calculated 

by assuming 15% of total seed would be soft (Latta and Quigley 1993).  Plant density was estimated from field counts in late 

June, from 30 counts of 0.1 m2 quadrats (2001) or 0.05 m2 (2002) per paddock.   

The number of medic pods present in November 2001 was counted in 0.05 m2 quadrats, 20 at Birchip and 30 in all other 

paddocks.  At Walpeup 30 quadrats of 0.2 m2 were also vacuumed up, and the number of pods counted and weighed.  Pod 

and seed weights were estimated from the numbers of pods.  The number of pods was converted to weights assuming a 100 

pod weight of 2.7, 7.7 and 1.6 g for strand (Medicago littoralis), barrel (M. truncatula) and little woolly burr (M. minima) 

medics, respectively.  Pod weights were converted to seed weights assuming seed is 33.4, 29.8 and 28% of pod weight, 

respectively.  The number of pods set in 2002 was not measured because no or few pods were set at all locations. 

Cover and botanical composition were measured using the rod-point method (Little and Frensham 1993) seasonally 

throughout 2001 and 2002.  At the Birchip site, 50 observations per paddock were recorded, with 200 for all other paddocks.  

For classification, live herbage was defined as herbage that was green or was not brittle.  It was difficult to classify live and 

dead herbage at the end of the growing season.  An estimate of live herbage biomass was made each month using visual 

scores calibrated against 10 cuts from quadrats (each 0.25 m2) (Haydock and Shaw 1975), which were harvested using blade 

shears.  Plants in quadrats were cut as close to soil level as possible.  Harvested material was shaken or washed, where 

necessary, to remove soil, before being dried to constant weigh at 600C in an air-forced oven.  Only 20 visual scores per 

paddock were recorded for the smaller Birchip paddocks, with 100 observations in all other paddocks.  The biomass reported 

does not include correction for residual live biomass, the biomass remaining in quadrats after harvest, which was measured as 

described below.   

Live herbage accumulation rates were calculated from the increase in live herbage biomass between successive 

measurements, adding the pasture consumed by sheep during each period, then dividing by the number of days in each 
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period.  The intake of live herbage by sheep between successive pasture sampling days was estimated using GrazFeed 

version 4.1.1 (Freer et al. 1997).   

The relationships between height, live herbage biomass and live cover were calculated for 218 medic, 42 grass and 149 

mixed pasture quadrats using 2001, 2002 and 2003 data.  Pasture height (cm) was measured using a ruler and percentage 

ground cover visually estimated on the same quadrats used for biomass calibration harvests during the growing seasons of 

2001 and 2002.  Pasture height and ground cover was also estimated prior to live herbage biomass being harvested from 0.25 

m2 quadrats (140) at Walpeup and Birchip between June and September 2003.  After live herbage biomass was cut, the 

residual live herbage biomass was harvested from 96 of these quadrats using blade shears, dried and weighed.  This harvest 

removed all live biomass that had been dropped or not cut to soil level when the quadrat was first harvested.  This 

measurement is necessary to compare with the calibrations used to determine pasture available to sheep in computer 

simulation models. 

The nutritive value of dominant plants (cereal stubble, live medic or grass) was measured by Feedtest  from samples 

collected in July, September and November 2001 and August 2002, if sufficient material was present. 

 

Sheep measurements 

On each property the live weight of 1 flock of ewes and their lambs was monitored throughout the year, the frequency 

varying with the owners' availability to yard sheep.  The flock that usually grazed the monitor paddocks was weighed.  A 

minimum of 50 randomly selected sheep was weighed on each occasion.  

All flocks were based on large-framed South Australian bloodlines of Merino ewes, except for the medium-framed Merino 

flock at Birchip.  The Reduced Till and Fuel Burner systems at Birchip were sheep trading systems, and are not reported in 

detail.  

 

Producer records 

For each pasture paddock, producers maintained grazing records and provided records for the previous 5 years of 

management, chemicals used, cropping, and pasture sowing.  Lambing percentage, wool production, general husbandry and 

supplementary feeding for each monitored flock were recorded by the producers during the study.  Most producers also 

provided their rainfall observations and whole-farm records of land use and paddocks grazed.  Effective grazing ha was 

calculated as non-cropped ha plus 20% of winter crop area, to account for grazing of stubbles. 

 

Statistical analyses 

Means are reported  s.e.  All analyses were conducted using Genstat (Anon. 2002).  The estimated quantity of live 

biomass on offer in different paddocks in January, July and September of each year was compared using the Kruskal Wallis 

one-way analysis of variance.  The live herbage accumulation during the growing season in first year compared with 

regenerating pastures was compared using the Mann Whitney test.  Prior to analysis of variance the raw data for density of 

common plants was transformed using the square root, or the Kruskal-Wallis analysis of variance was used for less common 
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species where transformation did not produce normal distributions.  When there was a significant difference between 

paddocks at the P < 0.05 level, pairwise comparisons were carried out with adjustment for multiple comparisons using the 

Hochberg modification of the Bonferroni correction (Hochberg and Benjamini 1990).  Relationships between live herbage 

biomass, height and live ground cover were described using generalised linear regression.   

 

Results 

Rainfall 

April to October rainfall in 2001 was similar to long-term records.  Severe drought conditions occurred at all 

locations in 2002 (Table 2). 

Insert Table 2 here 

Seed reserves, plant density and medic pod set 

Estimated soil reserves of medic seed in autumn were highly variable, ranging from 7 to 207 kg/ha.  The 

density of grasses and broadleaf weeds varied substantially between paddocks at the one location (Table 3).  The 

pastures at Birchip and Walpeup did not have significantly (P > 0.05) higher legume densities or lower grass 

densities than most other pastures. 

 

Insert Table 3 here 

 

Median broadleaf plant counts were over 80 plants/m
2
 only in Murrayville paddocks in 2001, and 10 or less in 

all other paddocks.  However, patchy distribution of broadleaf plants meant the density of skeleton weed 

(Chrondrilla juncea), for example, ranged up to 825 plants/m
2
. 

The number of Medicago spp. pods in field counts in November 2001 (Table 3) averaged 763  230/m
2
, which 

approximates 71 kg seed/ha.  Difficulty in counting pod numbers on the ground, and differences from the species 

mix and seed weights assumed, mean pod and seed weights estimated are approximate, and they were not 

statistically analysed.  For the Walpeup paddock (MRS 8), vacuumed pod production averaged 751  72 pods/m
2
 

(approximately 60 kg seed/ha), which was lower than field counts in the same paddock.  In 2002, pod set was not 

counted, but few if any pods were set anywhere except at Murrayville. 

 

Cover and botanical composition 

The mean percentage of live cover peaked at 40% in October 2001, with a considerable quantity of bare 

ground for most of 2001 and 2002 (Table 4).  Dead herbage biomass, mainly cereal stubble, supplied the bulk of 

ground cover throughout both years.   
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Insert Table 4 here 

 

Variation in the proportion of cover meant height alone did not adequately predict live herbage biomass (r
2
 = 

0.32) (Fig. 1a), when using data for live cover of 10, 30, 50, 90 and 100% only.  The relationship was closer (r
2
 

= 0.76) using all data, but was inaccurate due to the large number of measurements at less than 10% cover, 

compared with few measurements above 50% cover.  The best linear regression models for predicting medic or 

medic/grass live herbage biomass in any year or location included both height and cover, and were: 

Medic live herbage biomass (kg DM/ha) = -267.2 (  32.4) + 82.5 (  7.5) x height + 2678 (  121) x cover (r2 = 0.93) 

Medic/grass live herbage biomass (kg DM/ha) = -74.6 (  75.0) + 24.3 (  7.0) x height + 1726 (  251) x cover + 73.4 (  13.4) 

x height x cover (r2 = 0.90) 

where height is cm, and cover is the proportion of area covered where 1 = 100%, and the standard errors of the 

estimates are shown in parentheses.  Using these equations, a predicted live herbage biomass of 1000 kg DM/ha 

at a height of 3 cm was attained at a proportion of 0.38 cover for medic (Fig. 1b) or 0.52 cover for medic/grass 

pastures.  A model to predict the live herbage biomass of grass across all locations and years was not achievable 

due to the small number of measurements and confounding of location and year.   

 

Insert Fig. 1a and b 

 

The pastures at Walpeup and Birchip did not have a higher legume composition than pastures at other 

locations.  The legume component of most paddocks was strand or barrel medic, but little woolly burr medic was 

a component in paddock JE and NW and was dominant in BB.  Haresfoot clover (Trifolium arvense) and cluster 

clover (T. glomeratum) were dominant at SW.  Annual grasses were common in most pastures and included 

barley grass (Hordeum leporinum), ryegrass (Lolium rigidum), brome grasses (Bromus spp.) and cereals 

(Triticum aestivum, Hordeum vulgare).  The Walpeup pasture contained a substantial Brassica spp. population, 

JE, BB and 8 had substantial onion weed (Asphodelus fistulosus), and Murrayville had capeweed (Arctotheca 

calendula) and storksbill (Erodium spp.). 

Summer weeds, mainly heliotrope (Heliotropium europaeum) and skeleton weed (Chrondrilla juncea) 

comprised a mean 30 to 70% of live material from November to April.  Heliotrope was a major component of 

live herbage biomass during summer in paddocks JE, NBH, 7, 8 and MRS 8 in 2001. 
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Residual live herbage biomass 

The mean residual live herbage biomass recorded after harvesting quadrats during 2003 was 45  3 kg DM/ha, 

with a range of 0 to 158 kg DM/ha.  The residue increased as the live herbage biomass harvested increased, as 

described by the equation y = 0.0153x + 9.2387 (r
2
 = 0.56).  Residual biomass has not been added on to any of 

the biomass estimates for paddocks reported, since it would be less than 30 kg/ha at most times and is minor 

compared with the measurement errors in estimation of mean paddock live herbage biomass.    

 

Estimated herbage biomass accumulation rates 

Biomass accumulation and senescence (negative accumulation of live biomass) over summer/autumn months 

in 2001 was associated with summer weeds (Table 5).  Pastures accumulated at between 0 and 40 kg DM/ha.day 

between June and September, before senescing in October 2001.  Heavy grazing restricted the accumulation rate 

of Birchip paddock 2.  Variation in accumulation rates between paddocks within locations was high.  

Accumulation rates during the drought of 2002 were very low and are not shown.  

 

Insert Table 5 here 

 

Estimated biomass  

Cereal stubble comprised the bulk of dead herbage biomass.  The biomass of dead material in pastures in their 

first or second year following a crop averaged 2003  149 and 1616  184 kg DM/ha, respectively, in autumn 

2002.  For the period July to September, dead biomass had declined to 1292  173 for first year pastures and 978 

 122 kg DM/ha for second year pastures.   

In January 2001, all paddocks had patches of summer weeds with a live biomass ranging from 541 to 935 kg 

DM/ha, except those at Birchip.   

Winter-growing species germinated in May 2001 and June 2002.  Sheep had access to live material throughout 

much of the monitoring period, but sheep production was restricted by a median live herbage biomass on offer of 

less than 200 kg DM/ha except in September and October 2001 (Table 6).  The pasture at Walpeup had more 

than (P < 0.05) double the live herbage biomass on offer compared with most paddocks in July and September 

2001, but not in 2002, and not during summer/autumn months.  The oats sown in Birchip paddocks 2 and 5 were 

killed by overgrazing in 2001 and drought in 2002, and were never a major component of live herbage biomass. 

More variation in both accumulated live herbage biomass for the growing season and live herbage biomass on 

offer in each month occurred within locations, rather than between locations (Table 6).  Accumulated biomass 
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between first year and regenerating paddocks did not significantly differ (P > 0.1) for any month between July 

and September in 2001 or 2002, possibly because of the small sample number.  Within years, June to September 

rainfall (range between locations 136 to 171 mm in 2001; 35 to 58 mm in 2002), where recorded, did not explain 

the variation in accumulated live herbage biomass within or between locations.  

 

Insert Table 6 here 

 

Nutritive value of pasture 

The mean digestibility of dry matter for medic was 77.7  0.6% in July, and declined to 74.5  1.0% by 

September 2001.  Corresponding values for protein content were 27.8  1.0% and 21.7  0.8 %.  Both the 

digestibility and protein content of stubble were too low to maintain sheep.  The digestibility of dead material 

(2000 cereal stubble and some medic/grass grown in 2001), 2001 cereal stubble and live medic sampled in 

August 2002 was 35.4  0.7, 41.1  1.0 and 71.5  1.1%, respectively.  The protein content was 3.6  0.7, 2.6  

0.1 and 22.7  1.2%, respectively.  Live skeleton weed sampled in November/December 2001 contained 9.5 to 

12% protein and 47.9 to 50.9% digestibility. 

 

Stocking rates 

The mean whole-farm annual stocking rate varied between locations: Walpeup 4.5 and 3.9 DSE/non-cropped 

ha in 2001 and 2002, respectively; Meringur 1.0 and 0.9; Murrayville 2.3 and 2.4; Birchip (3 farming systems) 

1.6 to 19.3 (2001) and 2.3 to 10.1 (2002).  The Hungry Sheep system at Birchip used high stocking rates on crop 

stubbles, and substantial supplementary feeding.  Whole-farm stocking rates for 2002 were not always lower 

than during 2001.  

There was a wide range (from 0 to 19 DSE/ha) in the stocking rate of individual non-cropped paddocks within 

properties.  Excluding the Birchip paddocks, stocking rates on commercial paddocks ranged from 0 to 12 

DSE/ha (excluding Walpeup, 0 to 3.1 DSE/ha).  None of the monitored paddocks were set-stocked throughout 

the year and some paddocks carried no sheep during the pasture growing season.   

 

Feed sources 

Based on whole-farm records of land use cereal stubbles were the main source of feed utilised by sheep during 

the summer and autumn months of 2001 (Fig. 2).  Walpeup was the only site using a forage crop (cereal rye), 

and the only site, other than Birchip, using legume stubbles.  Annual pastures supported the majority of sheep 
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between May and December (59  21 to 68  24%) during 2001, but under drought conditions in spring 2002, 

supplementary feeding was estimated to support on average between 30 and 70% of sheep requirements.  Sheep 

at Walpeup and Birchip (Hungry Sheep system) were fed whole rations in containment areas from October 2002 

because paddock feed was inadequate for survival, and to avoid soil erosion.  The use of different feed sources at 

Walpeup was similar to commercial farms.  The high stocking rates in the Birchip Hungry Sheep system 

required the use of higher and longer levels of supplementation than other farms.  However, the farmers’ strategy 

of using crop stubbles as the sole feed source (no supplementation) for several months allowed the maintenance 

of much higher stocking rates than on other farms. 

 

Insert Fig. 2 here 

 

Flock descriptions 

The flocks monitored are described in Table 7.  It was not possible to collect complete wool production 

parameters for each monitored flock, and most of the values provided by farmers relate to the production of all 

ewes on each property.  Most flocks were producing over 6 kg wool per ewe (greasy) but with a yield of around 

60%, and 21.5 to 23 micron fibre diameter. 

 

Insert Table 7 here 

 

Ewe and lamb live weights 

Ewes generally maintained live weight from January until March in 2001 and 2002, before live weights 

declined due to the nutritional stress of late pregnancy and parturition in autumn-lambing flocks (Fig. 3).  Ewe 

live weights were relatively stable from June 2002 because supplementary feed was a major source of feed 

through to November.  Lambs grew at between 100 and 350 g/day between measurement dates in 2001, but only 

up to 200 g/day in 2002.   

 

Insert Fig. 3 here 

 

Discussion 

This is the first study in the Victorian Mallee detailing on-farm pasture production and the relationship 

between sheep production and the feed base throughout the year for commercial properties.  It has highlighted 

the importance of crop stubbles as a feed source for 6 months of the year, the variation in stocking rates and 
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pasture production between paddocks within properties and between years, and defines sheep and pasture 

production in drought conditions.  The latter will be useful in setting worst case scenarios for risk management 

decision-making. 

Crop stubbles, with their component of summer/autumn growing plants, were a major source of feed for 

sheep.  While the nutritive value of the dead component was low, sufficient grain or live material was present, at 

the stocking rates used, to enable pregnant ewes to maintain live weight from December until March, or late 

pregnancy in 2001.  The quantity of edible live weed (skeleton weed, medic and wheat) during summer/early 

autumn in years of high summer/autumn rainfall can be much higher (Robertson 2002) than reported here, at 

levels which would prevent the large declines in liveweight of autumn lambing ewes observed in the present 

study.  Skeleton weed comprised the bulk of summer weed in the majority of paddocks, but in wet summers, 

toxic weeds can contribute 300 to 1200 kg of biomass (Robertson 2002).  Although the whole-plant digestibility 

of skeleton weed at flowering was low, younger portions of these plants could be expected to have higher 

nutritional value, as indicated by the maintenance of sheep live weights.  Heliotrope can be a major source of 

feed after summer rain (Peterson et al. 1992); its widespread occurrence results in it being the major cause of 

sheep loss in the Victorian Mallee (Harris and Nowara 1995).   

While medic pods may have contributed to maintenance of sheep live weights during summer/autumn 2001, 

the low pod set in some paddocks in 2001 and the lack of pod set in 2002, show that pods are not always an 

important feed source for sheep grazing annual medic-based pastures.  In the short pasture/crop rotations used in 

the Victorian Mallee, their feed value is probably greatest between pasture senescence and when crop stubbles 

become available for grazing.  In addition, the pods of the naturalised legumes that dominated some paddocks 

are likely to have a lower feeding value than commercialised medic pods.  Firstly, the seeds of little woolly burr 

medic and haresfoot clover are small enough for most to escape digestion when eaten by sheep (Thomson et al. 

1990).  In addition, the spiny nature of the former's pod, and the fluffy nature of the latter's, probably reduce their 

palatability to sheep. 

There was a wide range of stocking rates used on individual paddocks and whole-farms.  The stocking rates 

are higher than predicted by French (1987) (1.3DSE/ha for each 25 mm above 250 mm annual rainfall), since 

most locations received less than 260 mm in 2001, and all sites received less than 250 mm in 2002.  The use of 

feed sources other than pastures, and the nutritional benefit of substantial quantities of live weeds over 

summer/autumn, could be a reason for this.  However, the 10 to 14 DSE/ha predicted using soil fertility and 

length of growing season (Saul and Kearney 2002) was not achieved, probably because the pastures monitored 

were annual species only.  Some paddocks were not grazed during the growing season, and the stocking rates on 

some properties did not decline from an average to a drought year, suggesting properties are stocked to a drought 
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year.  This highlights the need for climatic risk analysis of pasture and sheep production to determine the 

economic implications of different management strategies. 

In 2001, pasture production was highly variable between paddocks within properties.  Pastures on commercial 

properties were generally less productive than the Walpeup pasture.  The low productivity of medic-based 

pastures has been termed 'medic decline syndrome'.  Numerous causes have been implicated, but inadequate 

medic seed reserves are a major factor (Carter et al. 1982; Rigby and Latta 1995).  Root disease and low fertility 

are known to restrict pasture production in the Mallee (Bellotti et al. 1998; Hill and Korte 1998) and other 

regions of Australia (You et al. 1999), and fertility was frequently low in the paddocks reported here.  The 

application of non-selective herbicides such as glyphosate for grass control during medic flowering can reduce 

seed yield by up to 90% (Wallace et al. 1998), and was a practice commonly used by producers in this study.  

Likewise, the use of sulphonylurea herbicides within 2 years of growing sensitive species such as medic is 

known to risk restricting pasture production (Hollaway and Noy 1999).  The presence of species such as little 

woolly burr medic, storksbill and onion weed probably contributed to reduced production in some paddocks.  In 

contrast, the drought conditions of 2002 minimised the influence of other variables on pasture production.   

The pastures monitored may have been more productive than some Mallee pastures because the producers 

selected had a high level of interest in sheep production, and because only 2 of the paddocks were long-fallowed.  

Long-fallowing is a common regional practice (Latta 2002) that prevents seedset of medic and grasses, reducing 

the seedbank available for regeneration after cropping, thereby reducing subsequent pasture production.  The 

density of both grasses and legumes was higher in most monitored paddocks than the majority of paddocks 

surveyed by Rigby and Latta (1995).  However, little woolly burr medic and species other than commercial 

medics were recorded in the present study.  Except for the pastures at Walpeup and Birchip, historical sowing 

rates were representative of common Mallee practice, where medic is sown at 1 to 3 kg DM/ha (Latta 2002).  

The fertility of the monitor paddocks was typical of the Victorian Mallee, given a previous survey of the Mallee 

(Rigby and Latta 1995) found 72% of paddocks were marginal or deficient in phosphorus (Olsen P up to 12 

mg/kg).  The crop rotation, sheep management practices and stocking rates, except at the Walpeup and Birchip 

sites, were within the range of practices commonly used on Mallee farms (Robertson and Wimalasuriya 2004).   

This study highlights the importance of integrating the crop and sheep enterprises on mixed farms, because 

cropping management can impact on the feed supply for sheep.  For example, management to remove non-toxic 

summer weeds would benefit crop production, but remove a valuable source of sheep feed.  Crop stubbles were 

as important as annual pastures as a feed source for sheep, due to the seasonal nature of pasture production.  

Despite large differences in pasture production, variation in utilisation, rather than supply of the feed base, was 

the major determinant of sheep production.  There is a need to expand knowledge to quantify sheep production 
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under different management systems (for example lambing time, stocking rates, pasture management) and under 

long-term climatic variability, so that the risk of different strategies in the Victorian Mallee can be defined.  

Simulation modelling is needed to analyse these complex relationships, and information from this paper has been 

used in a subsequent paper examining simulations in the Victorian Mallee region (Robertson 2004). 
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 1 

Table 1.  Paddock location and history of pasture sowing, sulphonylurea chemical use, and grass control or fallowing during monitoring years 2 
 3 

Mallee region Rainfall belt 

(mm) 

Year LocationA Paddock 

name or 

no. 

Size (ha) Year of pasture 

after crop 

Previously sown 

to medic  

(year, kg/ha) 

Year 

sulphonylurea last 

used 

Grass or seed-

set control 

Chemical 

fallow 

Cultivated 

Central 300-350 2001 Walpeup MRS 8 60 1 1989 8 kg pre 1995 Sep. no no 
North 250-300 2001 Meringur JE 196 2 1995 3 kg pre 1995 Aug. Sep. no 

  2001 Meringur NBH 100 1 unknown 1999 no no no 

East 300-350 2001 Manangatang 8 114 1 1993 1 kg 2000; Oct. 2001 no Oct. no 
  2001 Manangatang 7 155 1 1994 1 kg 2000 no no no 

West 300-350 2001 Murrayville NW 63 2 unknown 1999 no Sep. no 

  2001 Murrayville SW 65 1 unknown 2000 no no no 
South 350-375 2001 Birchip 2

A
 0.8 1 1996 10 kg 2000 Oct. no no 

  2001 Birchip 3
A

 1.2 1 1996 10 kg 2000 Jul. no no 

  2001 Birchip 21
A

 1.0 1 1996 10 kg 2000 Jul. no Aug. 

Central 300-350 2002 Walpeup MRS 8 60 2 1996 10 kg pre 1995 no no no 

North 250-300 2002 Meringur NBH 100 2 unknown 1999 no no no 
  2002 Meringur BB 132 3 1995 2 kg 1998 no no no 

East 300-350 2002 Manangatang 7 155 2 1994 1 kg 2000 no Aug. no 

  2002 Manangatang 1 106 1 1993 1 kg 2001 no no no 
West 300-350 2002 Murrayville SE 64 1 unknown Pre 1996 no no no 

  2002 Murrayville SW 65 2 2001 3 kg 2000 Jul. no no 

South 350-375 2002 Birchip 5
A

 0.8 1 1996 10 kg 2000 no no no 

  2002 Birchip 24
A

 1.2 1 1996 10 kg 2000 no no no 
AThe Birchip paddocks were part of the Birchip Cropping Group Farming Systems trial: paddocks 2 and 5 were part of the Hungry Sheep system; 3 and 24 were part of the Reduced Till system, whereas 4 

21 was part of the Fuel Burner system. 5 

 6 

 7 

 8 

 9 

10 
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Table 2.  Meteorological station records for rainfall (mm) at Walpeup 2001 and 2002, and farmer recordsA of rainfall at Meringur, Manangatang, and Birchip 11 

  Rainfall (mm) 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov DecA TotalA 

Walpeup 2001 10 16 24 3 17 34 23 40 43 33 12 2 257 

 2002 5 10 12 8 20 19 7 21 10 3 11 30 156 

Meringur 2001 5 19 19 2 14 33 22 28 53 38 0 0 233 

 2002 0 8 8.8 8 12 24 7 11 15 0 15 21 130 

Manangatang 2001 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

 2002 0 24 29 14 16 12 5 11 7 9 14 n/a n/a 

Birchip 2001 18 5 29 0 8 25 58 47 41 18 9 2 260 

 2002 21 0 0 13 29 18 6 18 16 7 11 43 182 

AFarmer records for rainfall were not available at Murrayville 12 

13 
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Table 3.  Estimated potential and actual field density (plants/m2) of annual grasses and legumes, estimated medic seed reserves (April) and pod and seed production (no./m2 and kg/ha  s.e.) 14 

(November) 15 

 16 

Year Location Paddock Potential 

grass 
density Apr. 

Actual grass 

density Jun. 

Potential 

legume 
density Apr. 

Actual 

legume 
density Jun. 

Medic 

soft seed  

Apr.  

Medic 

total seed  

Apr. 

Medic pods 

produced Nov. 

Medic seed 

produced 
Nov.  

   (no./m2)A (no./m2)A (no./m2)A (no./m2)A (kg/ha) (kg/ha) (no./m2) (kg/ha) 

2001 Walpeup MRS 8 126 b 104 cd 233 cde 150 c 5 34 1021  132 92  12 

2001 Meringur JEB 11 b 34 de 357 abc 404 b 5 34 2151  212 145  14 

2001 Meringur NBH 303 b 98 cde 96 de 50 d 2 13 742  118 67  11 

2001 Manangatang 8 6 b 2 cd 110 de 80 c 2 13 377  64 97  16 

2001 Manangatang 7 166 b 20 de 50 e 136 c 1 7 767  110 69  10 

2001 Murrayville NWB 1307 a 1135 a 739 a 552 ab 11 74 65  20 4  1 

2001 Murrayville SWC 98 b 80 cd 256 cde 93 cd   187  48 26  7 

2001 Birchip 2  156 c  365 b   793  62 64  5 

2001 Birchip 3D 843 a 555 b 587 ab 661 a 23 154   

2001 Birchip 21D 20 b 59 cde 298 bcd 305 b 12 80   

2002 Walpeup MRS 8 312 bc 180 cd 781 a 285 bcde 16 107   

2002 Meringur NBH 1354 a 595 ab 643 ab 616 bc 13 80   

2002 Meringur BBB 3 c 5 d 857 a 2106 a 13 87   

2002 Manangatang 7 739 abc 97 cd 607 ab 233 de 12 80   

2002 Manangatang 1D 160 abc 176 abc 526 ab 309 bcd 21 140   

2002 Murrayville SE 253 ab 150 bc 244 b 113 e 5 34   

2002 Murrayville SWC 613 ab 435 a 857 ab 413 bcde     

2002 Birchip 5D 348 abc 306 a 416 ab 267 cde 17 114   

2002 Birchip 24D 927 ab 201 abc 787 a 564 b 31 207   
ADifferent lower-case letters within columns within years refer to transformed data and indicate difference is significant (P<0.05).  Estimated seed reserves were not statistically analysed. 17 

BAssumed to be 50% little woolly burr medic and 50% strand medic. CMainly naturalised clovers.  DAssumed to be barrel medic.   18 

 19 

 20 

 21 
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Table 4.  Mean cover and botanical composition of live cover (%  s.e.) of the monitored paddocks 2001-2002 22 

 23 

  Cover Botanical composition of live cover 

Year Month Live  Dead  Bare 

ground  

Legume  Grass  Broadleaf 

weed  

Summer 

weed  

  (%) (%) (%) (%) (%) (%) (%) 

2001 Jan. 11  3 74  5 15  3 0  0 20  10 6  5 64  13 

 Apr. 6  1 68  2 26  3 12  6 22  7 5  2 42  12 

 Jul. 34  6 45  4 22  3 49  8 34  7 13  6 5  2 

 Oct. 40  6 39  5 22  3 63  6 22  7 6  3 9  6 

 Dec. 3  1 72  5 25  6 19  12 0  0 7  6 37  15 

2002 Jan. 2  1 71  5 27  5 0  0 0  0 0  0 71  18 

 Apr. 7  4 63  4 29  4 6  4 14  8 16  8 31  14 

 Jul. 29  3 49  4 23  4 45  7 35  6 17  6 4  2 

 Sep. 22  3 46  5 32  6 43  8 35  9 14  7 7  3 

 Oct. 8  3 45  7 47  7 47  14 8  5 13  7 8  4 

 Nov. 4  2 51  7 45  9 25  19 4  4 21  9 48  12 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

 31 

 32 

 33 

 34 

 35 

 36 

 37 

 38 

 39 
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Table 5.  Estimated monthly live herbage accumulation rates (kg/DM/ha.day) of monitored paddocks in 2001 40 

 41 

  Live herbage accumulation rate (kg DM/ha.day) 

Location Paddock Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

Walpeup  MRS 8 0.0 -2.1 0.2 -0.3 2.5 7.0 16.3 39.7 -22.2 -16.3 -4.1 

Meringur NBH 3.7 0.1 -2.9 -1.0 -0.1 0.0 5.3 24.1 -0.8 -43.7 4.1 

 JE 0.7 -1.3 -5.7 -0.7 0.0 1.0 4.6 11.7 0.1 -19.1 0.8 

Manangatang 7 1.6 -2.9 4.1 -2.0 2.5 2.2 3.8 19.6 -5.1 -17.3 0.5 

 8 2.4 -1.1 3.3 -4.7 1.3 1.3 3.8 10.6 -7.0 -6.9 0.4 

Murrayville SW -0.1 -1.6 4.6 -1.8 1.9 2.0 10.1 29.7 -9.9 -33.4 0.9 

 NW 0.9 1.2 0.5 -0.3 1.8 2.3 11.5 20.2 -10.2 -10.9 -3.9 

Birchip 2 -0.2 0.7 -0.8 0 0.3 2.1 3.6 21.5 24.2 -27.0 0 

 3 0.1 0.7 -0.7 0 0.8 4.4 fallowed  

 21 0.0 1.0 -0.7 -0.3 0.4 2.2 16.6 fallowed 

 Mean 0.9 -0.5 0.2 -1.1 1.1 2.4 8.4 22.1 -3.9 -21.8 -0.2 

 s.e. 0.4 0.5 1 0.5 0.3 0.6 1.8 3.3 4.7 4.3 1.0 

 42 

 43 

 44 

 45 

 46 

 47 

 48 

 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 

 57 

 58 

 59 

 60 
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Table 6.  Estimated live herbage accumulation for the growing season (June to September) and median live herbage 61 

biomass (kg DM/ha) in different paddocks in 2001 and 2002 62 

 63 

 Live herbage accumulation (kg DM/ha) Live herbage biomass 2001 (kg DM/ha) Live herbage biomass 2002 (kg DM/ha) 

Location Paddock 2001 2002 Jan. Jul. Sep. Jan. Jul. Sep. 

Walpeup MRS 8 2187 136 43 b 197 a 1611 a 0 b 55 b 32 c 

Meringur JE 621  143 a 34 de 493 ef    

Meringur NBH 1111 22 8 b 14 f 1000 bc 0 ab 0 d 21 d 

Meringur BB  139    0 b 14 c 21 c 

Manangatang 8 608  77 a 20 e 307 fh    

Manangatang 7 1033 110 112 a 20 cd 637 de 0 a 125 a 0 d 

Manangatang 1  279    0 ab 125 a 154 ab 

Murrayville NW 1224  0 c 60 bc 941 cd    

Murrayville SW 1561 222 0 b 60 b 941 ab 0 ab 74 a 105 ab 

Murrayville SE  565    0 ab 74 bc 177 a 

Birchip 2 1003  0 c 37 bcde 565 defg    

Birchip 21   0 c 85 abc 0 g    

Birchip 5  84    0 b 61 bc 0 d 

Birchip 24  164    0 b 115 b 79 bc 

ADifferent letters within columns for biomass on offer indicate difference is significant at P < 0.05 64 
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Table 7.  Location, monitored paddocks grazed and description of flocks monitored and supplementary feeding in 2001 and 2002  93 

 94 
Location Year Enterprise No. 

ewes 

Shearing 

date 

Wool A 

(kg/ewe) 

Yield (%) Fibre 

diameter 

(microns) 

Vegetable 

matter (%) 

Staple 

strength 

(N/ktex) 

Date start 

lambing 

Lambs 

markedB 

(%) 

Weaning 

dateC 

Supplementary feeding 

(kg/ewe.day) 

Walpeup MRS 8 2001 Merino ewe X White 

Suffolk 

233 26 Mar.  56.9 22.8  40 23 Apr. 77D 22 Oct. Cereal hay: 0.4 kg Mar.; 1.1 kg 20 Apr. to 9 Aug.;  

Cereal grain: 0.4 kg Jul. 

MRS 8 2002  226 25 Mar. 6.3 55 21.9 1.5 33 6 May 103 6 Aug. Cereal hay: 0.5 kg 6 May to 10 Jul.. 

Cereal grain: 0.4 kg 2 Apr.  to 10 Jul.; 0.3 kg 6 

Aug. to 16 Oct.; 0.4 kg 16 Oct. to 20 Dec. 

Weaned lambs: 0.5 kg 6 Aug. to sale 

Meringur JE 2001 Self-replacing Merino 232 Jul. 6.1 62.3 22.1  31 15 Aug. 90 Jan. Cereal grain: 0.5 kg Jun. to Aug. 

NBH 2002  105 13 Jul. 6.6 60 22.8 2.5 32 1 Apr. 72D Not weaned Cereal grain: 0.4 kg Apr. to Jun., 1 kg Oct. to Nov. 

Murrayville 

NW/SW 

2001 Merino ewe X Suffolk 210 Oct.      25 Mar. 83 29 Oct. Vetch hay: 0.8 kg May 

SW/SE 2002  220 20 Sep. 4.9 64.9 22 1.7  25 Mar. 88 16 Oct. Ryegrass hay: 0.9 kg Apr . to early Jul. 

Manangatang 7/8 2001 Merino ewe X White 

Suffolk 

328 Jul. 7.4 59.6 21.9  34 20 Mar. 82 8 Oct. none 

1 2002 Self-replacing Merino 160 n/a 5 62.9 19.6   20 Mar. 82D 24 Aug. Cereal hay: Mar. 

Birchip 2 2001 Self-replacing Merino 4E Oct. 5.5  21.5  30-35 25 Jun. 125C 16 Oct. Cereal grain: 0.9 kg mid Jun to mid Sep 

5 2002  4E Oct.      mid Jul. 25C 10 Oct. Cereal grain: 0.2 kg 9 Apr. to 24 Jun.; 0.9 kg 15 Jul. 

to 10 Oct.; 0.5 kg 15 Oct. to Dec. 

A Wool data does not refer to the monitored flocks alone – it refers to all ewes or adult ewes on each property except for Manangatang 2002, which is maiden ewe data. BLambs marked per  ewe joined.  CLambs weaned or 95 

commencement of lamb sales. DMaiden ewes. EEwes were part of a farming systems trial with only four ewes in this treatment (Hungry Sheep).   96 

 97 
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 98 

LIST OF CAPTIONS TO FIGURES 99 

Fig. 1.  Observed (a) and predicted (b) live herbage biomass (kg DM/ha) and height (cm) of annual medic pastures at varying 100 

proportions of live cover (100 % cover = ; 90 = ; 50 = ; 30 = ; 10 = ). 101 

 102 

Fig. 2. Mean percentage of stocking rate (whole-farm dry stock equivalents /effective grazing area ha) supported by different 103 

feed sources in 2001 and 2002 for Walpeup, Meringur, Murrayville and Birchip Hungry Sheep farms (supplement/agistment 104 

= horizontal stripes; pasture/forage crop = shaded; crop stubble = dots). 105 

 106 

Fig. 3.  Mean live weight (kg) of ewes (above line) and lambs (below line) at Walpeup , Meringur , Murrayville  and 107 

Birchip  in 2001 and 2002. 108 
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