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Summary

In temperate regions of New South Wales, Australia, there is increasing evidence of pasture

decline, especially of deep-rooted, perennial pastures. Due to the high costs of farm inputs

and of re-establishing pastures, grazing management has recently been investigated as a

useful management tool to maintain production levels over the long-term - for the benefit of

both pasture and animal. There is however inadequate knowledge of how to use grazing

management to match the nutritional requirements of grazing animals with a variable pasture

supply.

This study was conducted at the CSIRO's Chiswick property, Armidale as part of the

Cicerone Project - a producer-led research and adoption group which commenced a whole

farmlet study of grazing enterprises in July 2000. The overall aim of the farmlet study was to

assess the relative sustainability and profitability of three farmlet systems varying in farm

inputs and grazing management. The main purpose of the study reported in this thesis was to

examine the balance between both supply of feed (mostly from pastures) and the demand for

feed by the range of livestock able to be supported by each farmlet. The data collected

allowed the calculation of a 'partial' metabolisable energy balance (the estimate of a 'partial'

balance was based on pasture growth and supplements and animal requirements without

taking into account utilisation of the standing herbage mass, due to insufficient measurement

of intake) as a means of comparing the relative match between supply and demand over time

on each farmlet.

The two primary hypotheses tested in this thesis related to the effects of two different farm

management strategies (high inputs or intensive rotational grazing) to provide superior

pasture and/or animal outcomes compared to a moderate-input, flexible grazing system which

is typical of the region.

The three farmlet systems, each of 50 ha, were farmlet A (high input system), farmlet B

(typical district practice) and farmlet C (intensive rotational grazing). The control treatment,

Farmlet B, represented the most common grazing system employed by graziers on the

Northern Tablelands of New South Wales. The farmlets differed both in the level of inputs

applied (pasture and fertiliser) as well as the system of grazing management employed.

On farmlet A, the fertiliser strategy aimed at achieving target levels of 60 and 10 mg kg-I of

soil phosphorus and sulfur respectively. On farmlets Band C, the target levels were 20 and

6.5 mg kg-I of soil phosphorus and sulfur respectively. In addition, the pastures on farmlet A
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were planned to be re-sown where necessary to provide a fannlet where all paddocks were

dominated by deep-rooted, fertiliser-responsive perennial grasses, together with persistent

legumes.

Two fonns of grazing management were investigated: on fannlets A and B, flexible grazing

according to PROGRAZE principles, was attempted. This involved moving the livestock,

usually as 4 or 5 mobs, over the 8 paddocks of each fannlet according to the livestock

condition and the availability of sufficient herbage mass and quality in each paddock. The

target carrying capacity offannlets A and B were 15 and 7.5 DSE ha- I respectively. In

contrast, fannlet C employed intensive rotational grazing; this fannlet was subdivided into 16

and then 33 paddocks, allowing the movement of stock to be rotated between paddocks

usually as 3 mobs, with short grazing intervals (commonly of 3-5 days) and long rest periods

(80-200 days). The target carrying capacity for this system was 15 DSE ha- I
, the same as for

fannlet A.

Over the first 5 years of the project, the mean stocking rates achieved on fannlets A, Band C

were 13.4,9.2 and 8.8 DSE ha- I respectively.

While the high input system (fannlet A) consistently registered a higher percentage of sown

fertiliser-responsive perennials than either of the moderate input systems (fannlets B and C),

there was clear evidence that the proportion of the pastures represented by this species group

declined across the three fannlets from 2000 to 2005. This decline was most strongly marked

on fannlet B (from 28% to 5%) compared to fannlet A (from 76% to 41 %) and fannlet C

(from 44% to 18%). Conversely, while the percentage of native perennial grasses on fannlet

A was consistently low (from 12 to 5%), these natives substantially increased from 49% to

62% on fannlet B and from 38% to 50% on fannlet C. The percentage of legumes and weeds

remained low across the three fannlets during the study years, although some significant

episodes of legume growth were observed on fannlet A during brief periods of favourable

seasonal conditions.

The changes in pasture growth, herbage mass, and quality followed a seasonal pattern,

generally with higher levels of these variables recorded over spring/summer and low levels in

autumn/winter. While significant differences in pasture growth were not able to be detected

at the level of measurement intensity employed over the generally drier than average years of

the experiment, it was apparent that subtle differences did result in different levels of

accumulation of herbage mass and quality leading to significant differences in livestock
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production. Calibrated visual estimates of total and dead herbage mass were significantly

higher on farmlets Band C compared to farmlet A. The green herbage mass on farmlet A

was consistently higher than on the other farmlets, although the differences were not

significant. It appears that the pasture growth rate on farmlet A was depressed somewhat due

to the generally high level of pasture utilisation brought about the high stocking rate, resulting

in relatively low levels of photosynthetically active leaves at many times.

Measurements of green herbage both before and after grazing demonstrated the rapid

disappearance of green herbage, especially on farmlet C paddocks due to the high stock

density. The rate of disappearance of green herbage on farmlet A was intermediate, due to its

higher carrying capacity and higher pasture quality whilst the lowest rates of green herbage

disappearance were on farmlet B paddocks.

Throughout most of the study period, pastures under a high input system (A) had significantly

higher dry matter digestibility of dead herbage than pastures under either of the moderate

input systems (B and C). In spite of this difference, over a two year period from autumn 2003

to autumn 2005, the digestibility of the dead herbage across all farmlets was lower than the

level required to maintain animal condition. The digestibility of the green herbage was also

significantly higher on farmlet A than on farmlets Band C. Crude protein levels in green

herbage were also significantly higher on farmlet A compared to farmlets Band C.

Using the alkane technique within one paddock of each farmlet, sheep under both flexible

grazing management systems (farmlets A and B) were found to be able to selectively graze

particular pasture species more than under the intensive rotational grazing system (farmlet C).

The estimated daily dry matter intake of weaners on farmlet A was found to be significantly

higher than that of weaners grazing on farmlets B or C.

In 2003, the ewe liveweights and fat scores at joining, pre-lambing, and weaning were

significantly higher on farmlets A and B than on C. Although in 2004 and 2005 the

differences between the farmlets were not significant, there was a tendency for these values to

be higher on farmlets A and B than on C. Ewes on farmlet A had significantly higher

pregnancy rates, detected through scanning, and hence higher twinning rates than ewes on

farmlets Band C in the years 2003 and 2005; however, there was no significant difference in

2004. Both the initial and finalliveweights for wethers on farmlets A and B were

significantly higher than those on farmlet C.

There was a significantly higher daily liveweight gain for steers and heifers both per head and
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per hectare on farmlet A than on farmlets Band C. Also, sheep on the high input system

produced significantly higher fleece cut per head and per hectare compared to those on

moderate input systems. However, there was less difference between the farmlets in terms of

fleece quality.

Measurements of animal production, both on a per head and per hectare basis, showed that the

high input system (farmlet A) was more productive than the other farmlets. Animal

production on the intensive rotational grazing farmlet (C) was found to be lower than that

measured on the typical district grazing farmlet (B), thus demonstrating that some of the

claims made for this system of grazing were not supported by the evidence.

The nutritional needs of all livestock were assessed using equations based on the Australian

feeding standards for ruminant livestock. The significant increase in stocking rate,

liveweight, growth rate, and reproductive rate of sheep on the high input system meant higher

levels of metabolisable energy were required to satisfy the nutritional demand of these

animals. The metabolisable energy supplied in pasture growth and through supplementation

was generally inadequate to meet the demand calculated for the livestock, resulting in a

generally negative partial balance between supply and demand across all farmlets. The fact

that this balance was similar between farmlets supports the contention that the grazing

'pressure' applied to each farmlet was similar, in spite of the farmlets diverging in the number

of livestock carried on each farmlet. At times, the extent of the negative partial balance on

farmlet A was greater than on the other farmlets confirming that, at least at times, the stocking

rate carried on this farmlet was probably too high, perhaps resulting in an accelerated rate of

loss of valuable species and limiting the potential growth due to lower than desirable levels of

green leaf capable of photosynthesising.

Matching the conflicting needs of pastures and animals was particularly challenging in this

whole-farmlet experiment where complete capture of all necessary information across all

paddocks and all animals was not feasible. Nevertheless, this situation is common in grazing

enterprises where much less quantitative information is available. The needs of the broader

Cicerone Project, determined by the Cicerone management team, influenced many of the

decisions on stocking rate and stock movement thus posing some substantial challenges to the

conduct of this research.

It is concluded that, with further development of more timely assessments of the balances

between metabolisable energy supply and demand, paddock and grazing management could
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be markedly improved, leading ultimately to more sustainable and profitable outcomes from

grazing enterprises.
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