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This chapter firstly explores the components of the pasture supply, namely the herbage mass

and pasture quality in all paddocks of each of the three farmlets. The second part explores the

changes in herbage mass, pasture quality and pasture growth rate within three representative

paddocks selected from each farmlet.

Introduction

Pasture growth rate determines the availability of green herbage and knowledge of this

parameter is essential for making decisions about stocking rate adjustments and feed

planning. As the stage of growth influences pasture quality, the aim of grazing management

is, as far as possible, to keep pastures in a growth phase with sufficient leaf area to maximise

photosynthesis (Brougham 1956). Pasture quality is another highly important factor affecting

nutrition and subsequent performance of grazing sheep (Caple 1994). However- there is little

experimental evidence to indicate how different management systems can alter pasture

components in order to accomplish the best match of nutritional requirements of the grazing

animals with the ability of the pasture to supply the required nutrients, especially in regions

with variable climate.

The hypotheses examined in this study of pasture supply are that either or both the high-input

(farmlet A) or intensive rotational grazing (farmlet C) management strategies would result in

enhanced herbage mass and/or pasture quality and/or pasture growth compared to the typical

management system (farmlet B).

The experimental approach taken was to measure the herbage mass and quality of all

paddocks of each farmlet at regular intervals. However, due to the limited financial and

human resources available, several more intensive investigations were carried out on the same

three representative paddocks described in the previous chapter. These latter investigations

included measurements of herbage mass, pasture quality, pasture growth rate and, in an even

more limited number of paddocks, the pasture disappearance rate under grazing.

Where possible, the data have been compared to guidelines such as the pasture n1anagement

envelope proposed by Kemp (1991).

126



Chapter 5: Pasture supply

Materials and methods

Measurements

Who Ie-farmlet investigations

Herbage mass

Calibrated visual estimates of total dry matter herbage mass (kg OM/ha), percentage green

and digestibility (%) of dead and green herbage were taken annually from March 2000 until

February 2003. Thereafter, the same measurements were taken at regular monthly intervals to

April 2005. At these later times, the percentage legume and percentage ground cover were

also assessed to enable the collection of more detailed information concerning the supply of

feed available to the grazing animals.

Because of financial constraints on the Cicerone Project, the Board requested that these

regular measurements be collected with a maximum casual labour period of 8 hours per

sampling. This meant that, in order to assess each paddock of farmlets A (8) and B (8) and

each major paddock of farmlet C (16), the primary method had to be visual with limited

calibration. The method chosen was based on Botanal procedure detailed in the experimental

protocols developed for the Temperate Pasture Sustainability Key Program (Lodge 1996).

This had the added advantage of being relevant to the common PROGRAZE extension

package which was thought to be useful by Cicerone Board members (R. Marchant, pers.

comm.).

Each assessment was done along the same transect in each paddock. After observing pasture

height and density along the transect, a visual assessment of dry herbage mass (kg of OM per

ha) was estimated and recorded (as kg OM/ha) and later calibrated with a series of quadrats

cut, dried and weighed at each sampling to represent the full range of herbage mass measured.

At each sampling, after all paddocks had been surveyed, five sites were selected to cover the

OM range recorded; OM was then estimated within a pasture frame (Median Quadrat) at each

site, then cut to ground level, dried for 48 hours at 80°C and weighed. These 0 M estimates

and harvested weights were then used to calculate a calibration relationship (usually linear) to

adjust the paddock estimates to the final estimated values (Appendix 4).

Pasture quality

Concurrently with the OM estimates, an estimate of the digestibility of the herbage present

was recorded as a score between 1 and 5. This score was based on the relative proportions of

low digestibility plants such as tussocky native grasses and green leafy plants of higher
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digestibility. The age and maturity of any green regrowth was also taken into account. Thus,

a pasture assigned a score of 1 was judged to have the highest proportion of low digestibility

herbage and with the oldest regrowth, while a score of 5 represented the pasture judged to

have the highest proportion of green digestible leaf and the youngest regrowth at that

particular sampling. Scores of 2, 3 and 4 were assigned to intermediate levels of pasture

quality designated between scores 1 and 5.

The five harvested calibration samples (cut with clippers to represent that portion of the plants

able to be grazed) were subsequently sorted into green and dead, dried for 48 hours at 800 e,
the fractions weighed and then ground through a 1mm sieve for NIR scanning to predict

digestibility. Regression curves of digestibility score against predicted green and predicted

dead digestibility were used to predict digestibility values from the average score recorded for

each paddock (Appendix 4).

Intensive paddock investigation

Pasture growth rate was measured from (a) the pre-and post grazing herbage mass and (b) the

grazing exc10sure cages. Herbage mass and pasture quality involved measurements from (a)

the pre- and post-grazing, (b) seasonal and (c) disappearance of green during lambing.

Pasture growth rate

Calculatedfrom pre- and post-grazing herbage mass

Detailed description of how pre- and post-grazing herbage mass was measured is provided in

the sections below. Six samples were collected during both pre- and post-grazing in each

paddock. The dry weight of green herbage mass was used to calculate net pasture growth rate

(NPGR) (kg DM ha- I day-I) during the grazing period of each paddock:

postHM - preHM
Net growth rate = f 0

t

Where preHMo is the herbage mass in the paddock before grazing while postHM, is the

herbage mass in the paddock after grazing and t is the number of days between daYt and dayo.

Measuredfrom the cages

Net pasture growth rate (NPGR) (kg DM ha- I day-I) represents the difference between pasture

growth and decay (Anonymous 1993). In this study, NPGR was measured on three

representative paddocks of each farmlet once per season between June 2003 and February

2005. The changes in herbage mass over time were measured at three points within each of

two grazing exclosure cages (Cayley and Bird 1991) positioned in each paddock at sites
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judged to be representative of the paddock in tenns of herbage mass and composition (green

and dead). It is acknowledged that using only two cages per paddock is well below the

number of cages (approximately 10) recommended by Cayley and Bird (1991) to reduce

variability and sampling errors, especially in large and non-unifonn paddocks (in tenns of

botanical composition); the number chosen was restricted due to resource limitations.

A falling plate (3 kg weighted disk mounted with a sliding tube and graduated measurement

scale and a central rod to locate the ground surface) was used as a non-destructive indirect

calibrated measurement of the starting herbage mass on three representative marked positions

inside each cage at day zero (Cayley and Bird 1991). Five calibration cuts per cage were

taken outside the cage to establish a linear regression enabling calculation of the herbage mass

at day zero. Grazing exclosure intervals between the measurements at the start (dayo) and the

end (daYt) were between 18 and 35 days. At dayt, pasture cuts were taken from the three

previously marked positions within each cage. The harvested material was oven dried at 80

DC for 48 hours and the following equation was used to calculate net growth rate:

HMC -HMC
Net growth rate = f 0 (7)

t

Where HMCois the herbage mass in the cage at dayo, HMCt is the herbage mass in the cage at

daYt and t is the number of days between daYt and dayo (Anonymous 1993; Cayley and Bird

1991 ).

Herbage mass

Pre- and post-grazing herbage mass

In order to monitor the availability of green feed-on-offer when the animals move into and out

of a paddock, a pre-and post-grazing herbage mass was assessed on three representative

paddocks of each fannlet using the median quadrat technique (Bell 2003) which is a

modification of the ranked sampling procedure (Hamilton 1976). Sampling was conducted

once per season from July 2003 to April 2005.

When using the median quadrat technique, a representative sampling area was selected next to

each cage and was marked by a wooden peg. A sampling frame (1.55m x 0.5m) with five

rectangular sub quadrats was placed about 5 to 10 metres in any direction from the wooden

peg. The amount of herbage within the sub-quadrats was ranked by eye (rank 1 the most,

rank 5 the least). The two highest and two lowest yielding sub-quadrats were eliminated. The

plant material from the sub-quadrat with rank 3 (i.e. the median) was cut to ground level and

then separated into green and dead. Six samples were cut from each paddock. The herbage
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from each bag was sub-sampled and sorted into legumes, green other and dead herbage and

was then dried in an oven at 80 °e for 48 hours. The dry weights of samples were used to

calculate herbage mass (kg DM ha- l
) for green, dead, legumes and total using the formula:

H b 66.67*B*(GorDorL)
er age mass = (G + D + L)

Where 66.67 is a constant factor for the frame size whilst B is the total dry weight of the

harvested quadrat (g) and G, D and L are the dry weights (g) of the sub-samples of the green,

dead and legume fractions respectively.

Seasonal herbage mass

Regardless of the stock movement between the paddocks, herbage mass was also assessed on

these selected paddocks seasonally. The measurement was done using the same median

quadrat technique described above in the 'middle' month of each season (July, October,

January and April) of each year from July 2003 to April 2005.

Disappearance ofgreen herbage mass

The intensive measurement of changes in green herbage was attempted to assess the

disappearance of green herbage mass in one representative paddock of each farmlet during

lambing/lactation (September-November) 2004. The same sampling technique (median

quadrat) was used; the only difference was the frequency of sampling. Instead of sampling

before and after grazing, sampling in this experiment was targeted in spring when most of the

pasture species were in the reproductive stage and when the grazing period for the e lambing

paddocks was the same as on A and B (49 days). Six samples were taken; sampling was done

twice for the first week, thereafter once a week until the animals left the paddocks.

Pasture quality

In this study, near infrared spectroscopy (NIRS) (Adesogan et al. 1998; Adesogan et al. 2000;

Smith and Flinn 1991) was used to estimate dry matter digestibility and crude protein of

different pasture species under the three different management systems varying in grazing

managements and input levels.

The six herbage mass samples taken from each paddock were sorted into green and dead,

dried for 48 hours at 80Ge and ground to pass through a I-mm sieve and re-dried overnight

prior to scanning by NIR to predict digestibility and crude protein. Four grams of duplicate

samples were packed into sample cups and scanned using a Neotec 6500 monochromator

reflectance detector near infrared spectrophotometer that scans from 400 to 2500 nm. A
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reflectance spectrum was obtained from the sample for two duplicate scans per sample. An

average spectrum was computed from the data and the spectrophotometer software (NSAS

version 3.20) was used to calculate percent digestibility and crude protein, for both green and

dead herbage material based on previous calibration curves developed using laboratory

analyses of pasture plant digestibility and crude protein (L. Lisle, pers. comm.).

Data analysis

Whole-farmlet investigations

Herbage mass

Data for herbage mass (calibrated visual monthly estimates of Total DM, Green DM and

Dead DM for all paddocks) were analysed using Analysis ofYariance by the General Linear

Model (GLM) procedure of the statistical analysis computer package (SAS Institute Inc.

2003). The independent variables (Farm, Paddock, Time) were listed in a CLASS statement

while the GLM model presented the relationship of the dependent and independent variables

thus:

GLM model = farmlet + paddock + time + farmlet x time (9)

The means of the significant factors were further separated and compared using Minimum

Significant Difference (MSD) of the Waller-Duncan k-ratio t Test for response variables

(total, green and dead herbage mass).

Pasture quality

The data for pasture quality (digestibility and crude protein) were analysed using the same

GLM model as that shown above for the calibrated visual estimates of herbage mass analyses.

Intensive-paddock investigations

Pasture growth rate

Calculatedfrom pre- and post-grazing herbage mass

Data for pasture growth rate calculated from pre- and post-grazing herbage mass were

analysed using the Linear Mixed Model of the R-Package (R Development Core Team 2005)

where time and farmlet were fitted as fixed effects and paddock was fitted as a random effect:

Pasture growth rate = farmlet + time + farmlet x time-I' random = time I paddock (10)

Measuredfrom the cages

Statistical analysis was carried out using the Statistics Package R (R Development Core Team

2005). Subsequently, a linear Fourier model (Little and Hills 1978; Sokolnikoff and
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Sokolnikoff 1941) was applied to pasture growth data including treatment factors: farmlet,

paddocks within each farmlet, cage and cage position within a paddock, time (month):

Y = G + b *x + c) *sin(i *2 *1[ * xl . dJ + d) *COS(i *2 *1[ * xl . dJ +I peno I penD

C" *sin(i *2 *1[ * xl . dJ +d" *COS(i *2 *1[ * xl . dJ +- I penD - I peno

C *sin(i * 2 *1[ * xl . dJ +d. *COS(i *2 *1[ * xl . dJ
I I penD I I peno

(II)

Where, G, b are the normal linear coefficients, Cj ... Cj are coefficients of the sine component,

dj ••• d j are coefficients of the cosine component, x is the time point of individual

measurements, i is 1, 2, 3, ... up to period and period = number of days between first and last

readings.

Increased smoothing occurs as i decreases and components with numbers of i are omitted

from i to period. Visual estimates of the required degree of smoothing for each of the

farmlets were done separately as significance between models with various numbers of i were

not significant. It was found that i = 5 was the best for all the three farmlets in the 5

component model. Confidence intervals were calculated on the parameters fitted to the means

of the data.

Herbage mass

Pre- and post-grazing herbage mass

Data for herbage mass measured pre- and post-grazing using the Median Quadrat technique

on the three selected paddocks of each farmlet were analysed using the Linear Mixed Model

of the R-Package (R Development Core Team 2005). Time and farmlet were fitted as fixed

effects while repeated measurements from pre- and post-grazing and paddock within each

farmlet were fitted as random effects. The following Linear Mixed Model was fitted to test

sets of contrasts for significant factors. The individual contrasts were examined using the

summary of regression coefficients:

Yij =J1+~ +Pj +Tk +G, +(F*P)ij +(F*TL +(P*T)jk +Eijk

Where:

Yijk Observations for above ground herbage mass,

f1 Overall mean

F i /h effect of the farmlet level (sub plot) where i = I ... 3

Pj /h effect of the paddock level within the farmlet where j = 1... , 3

Tk kth effect of time (main plot) where k =1. 00,22 months (varied with grazing
period of each paddock)

G1 rh effect of the grazing where k =1. 00,2, (pre- and post-grazing)
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(F*I)ik

(p* I)jk

E ijk

= ijth interaction effect between fannlet and paddock

= ikth interaction effect between fannlet and grazing time

=jkth interaction effect between paddock and grazing time

= Error component
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The results were further presented graphically as grouped data for total, green and dead dry

matter.

Seasonal (time) herbage mass

Data for seasonal measurement of herbage mass were analysed using the Linear Mixed Model

of the R-Package (R Development Core Team 2005), where time and farmlet were fitted as

fixed effects and paddock was fitted as a random effect.

The following Linear Mixed Model was fitted to test sets of contrasts for significant factors:

y, = /I + F, + P + T.k + (F *p) .. + (F *T)'k + (p *T) 'k + E "kIf r / J If· / J' If'

Where:

(13)

j.1

F j

Pj

Tk

(F*P)ij

(F*I)ik

(P*I)jk

Eijk

Observations for above-ground herbage mass,

Overall mean

/h effect of the fannlet level (sub-plot) where i = I ". 3

/h effect of the paddock level within the fannlet where j = I,." 3

kth effect of time (main plot) where k =1 .. " 8 months

= ijth interaction effect between farmlet and paddock

= ikth interaction effect between fannlet and grazing time

= jkth interaction effect between paddock and grazing time

= Error component

Disappearance ofgreen herbage mass

Data for disappearance of green herbage mass were intensive repeated measures and were

subjected to longitudinal analysis (linear mixed-effects model fitted by REML) to examine

the effects of the farmlet managements on disappearance of green herbage mass over time

using R-Package (R Development Core Team 2005). Time and farmlet were used as fixed

effects while repeated measurements and paddocks within each farmlet were fitted as random

effects. This was fitted with B-spline regression curves and the polygon showing 95% fitted

confidence intervals.

Pasture quality

Similar to herbage mass, data for pasture quality were analysed using the Linear Mixed

Model of the R-Package (R Development Core Team 2005), where time and fannlet were

fitted as fixed effects and paddock was fitted as a random effect.
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Results

Whole-farmlet investigations

Herbage mass

The seasonal patterns in herbage mass were positively correlated to the trends in climatic

conditions (presented in Chapter 3). This was notable especially during the spring period

while there was a dramatic decline during the summer period due to a significant increase in

mean temperature in the late summer (Figure 3.3), hence a decline in pasture growth rate.

Herbage mass changed significantly (p<O.OO 1) over time. In March 2000, three months prior

to the commencement of the fannlet treatments (July I, 2000), there was a large quantity of

standing herbage mass (above 3000 kg DM ha- I
) across the farmlets due to little prior grazing.

From 2002 onwards, the herbage mass was generally lower as stocking rates on the three

farmlets increased (Table 5.1) combined with the effects of drier-than-average seasons. Table

5.1 shows the average total herbage mass at the times when the annual botanical composition

assessments were made (mid to late summer).

Table 5.1 Total herbage mass (kg DM ha- J yea(I), averaged across all paddocks of the three
farmlets over six years.

Means followed by the same letter within each column are not significantly different
(Waller-Duncan k-ratio t test of Minimum Significant Difference at p = 0.05.

Farmlet
A
B
C

MSD

Mar 00 Dec 00 Dec 01 Dec 02 Feb 03 Feb 04
3708a 3574a 3229a 906b 808b 2936a
3552a 2664a 29l8a 1935a l47la 2938a
4548a 3599a 3l0la 1901a l276a 3453a
1488 1264 826 624 317 1144

Feb 05
2l56a
3004a
3273a
1237

For the monthly data, there was a consistent increase in both total and green herbage mass as

season advanced from spring through summer to mid-autumn in both years (from September

2003 to April 2004 and from September 2004 to January 2005). The marked increase in total

and green herbage from late summer to early autumn in 2004 showed the positive response of

the pastures to adequate soil moisture resulting from the higher rainfall received in January

2004. The smallest herbage mass occurred throughout the winter to early spring period over

the two-year cycle (from May 2003 to September 2003 and from May 2004 to September

2004). After the severe drought of 2002, the dead herbage mass progressively increased over

time with the lowest amount at the start of measurements in autumn 2003 and the highest

amount in the autumns of 2004 and 2005 (Figure 5.1).

In the case of herbage mass comparisons, neither of the hypotheses tested was found to be

proven by the results. In fact, over the two year period, the total herbage on faml1et A was
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significantly (p<0.001) lower than that on fannlets Band C, the difference being greatest in

autumn 2005. The average herbage mass on the intensive rotational grazing fannlet (C) was

found not to differ significantly (p>0.05) from that on the typical fannlet (B).

The hypothesis that the high-input system (fannlet A) would result in higher levels of green

herbage than fannlet B was not supported by the results. Similarly, the hypothesis that

intensive rotational grazing (fannlet C) would result in higher levels of green herbage than

fannlet B was not proved by this study. In general, the three fannlets were found to have low

levels of green herbage mass, especially in winter when the levels dropped below the 500 kg

green DM ha- l recommended as necessary for pregnant ewes (Bell 2003).

The levels of dead herbage mass were found to differ significantly (p<O.OOl) between the

fannlet systems with fannlet A consistently registering lower dead herbage mass compared to

either of the moderate-input systems (B and C) (Figure 5.1).

Total Green Dead

•
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~ 30000
OJ
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en
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Q;

1000I

0

Farmlet A
Farmlet B
Farmlet C

••+
Figure 5.1 The fitted B-splines for the changes in total, green and dead herbage mass (kg DM ha- 1

from the calibrated visually estimated data on all the paddocks of each farmlet from
March 2003 to April 2005.

The horizontal line indicates the minimum herbage (500 kg green DM) for maintenance
requirement of sheep. Statistical differences are shown in Table 5.2 of Appendix 5.

When all of the monthly measurements of green herbage mass are plotted against the

percentage legume in the pastures (Figure 5.2), it is apparent that all of the monthly data for

all paddocks on fannlets Band C were outside the 'pasture management envelope' proposed
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by Kemp (1991). In contrast, it is clear that many of the monthly measurements of legumes

on farmlet A were greater than on either of the other farmlets and in several months the

measurements fell within the desired management envelope.

While the levels of green herbage mass did not differ significantly between the farmlets, 25%

of monthly measurements of farmlet A were at or below the lower limit for the green herbage

on offer of 500 kg DM greenlha prescribed by (Bell 2003). The corresponding figures for

farmlets Band C were 27% and 15% respectively.
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Figure 5.2 The relationship between the monthly measurements of percent legume and green
herbage mass (kg DM/ha) measured on all the paddocks of farmlets A, Band C.

Pasture quality

Figure 5.3 and Figure 5.4 outline the monthly measurement of dry matter digestibility and

crude protein. Time had a highly significant (p<O.OOl) effect on green digestibility and green

crude protein. There was a progressive increase in quality as season advanced from winter

through spring. Thereafter, there was a consistent decline as the season advanced from

summer through to autumn. Pasture quality tended to be higher in spring 2003 than in 2004,

presumably due to the higher rainfall in that season. The digestibility of the green herbage

mass ranged from a low of 40% in autumn to a high of 78% in early spring (Figure 5.3).

Likewise, crude protein of green material ranged from a low of 8% DM in autumn to a high

of 18% DM in spring (Figure 5.4).
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The dry matter digestibility of green and dead differed significantly (p<O.O 1) between the

farmlets. Pastures growing under the high-input system (farmlet A) had a consistently higher

digestibility of both green and dead material than those growing under either of the moderate

input systems (B or C). While the dead dry matter digestibility across the farmlets was

always below the maintenance level (55%) (Andrews 1997; Edwards 1981; Langlands and

Holmes 1978), the green dry matter digestibility of the pastures growing under both

moderate-input systems was well below the maintenance level from summer to autumn

(Figure 5.3).
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Figure 5.3 The fitted B-splines for the changes in calibrated measurement of dry matter
digestibility (% DM) from the 3 farmlet from March 2003 to April 2005.

The horizontal lines indicate the benchmark digestibility for meeting the maintenance
requirements of sheep (55% dry matter digestibility).

The crude protein content of both the green and dead matter differed significantly between the

farmlet management systems (Figure 5.4). Throughout the study period, farmlet A

consistently had higher (p<O.OI) levels of crude protein in both green and dead dry matter

compared to farmlets Band C; the lowest level was recorded on farmlet B.

Generally, crude protein content increased in spring and declined in autumn/winter. The

differences were greatest in the spring periods of 2003 and 2004.

Throughout all sampling times, crude protein of green material remained above the
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maintenance level (7.0%) of sheep (Andrews 1997) while that of dead material declined

below the maintenance level in winter 2003 and in summer 2004 and 2005, most notably on

farmlets Band C.
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Figure 5.4. The fitted B-splines for the changes in from calibrated measurement herbage crude
protein (% DM) on 3 farmlet from May 2003 to March 2005.

The horizontal lines indicate the benchmark crude protein level for meeting the
maintenance requirements of sheep (7% dry matter).

Investigations on representative paddocks

Pasture growth rate

Calculatedfrom pre- and post-grazing herbage mass

The pasture growth rate assessed from the pre- and post-grazing measurements showed

significant differences between the farmlet systems, with farmlet C having a higher growth

rate compared to other farmlets. In late summer (January 2005), there was a marked increase

in growth rate on farmlet C compared to farmlets A and B. While the growth rate declined

relatively across the farmlets during the springs of 2003 and 2004, this decline was also

strongly marked on farmlets A and B during late-summer 2004 (Figure 5.5).
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Figure 5.5 Average pasture growth rate (kg DM ha- I dai') assessed from the changes in pre- and
post-grazing herbage mass on farmlets A, Band C from July 2003 to April 2005.

Measured/rom the cages

Figure 5.6 shows changes in pasture growth rate measured on three selected paddocks of each

farmlet system. At some sampling times, there were missing data due either to cages knocked

over by cattle or extremely high variation between the three values within a cage.

Pasture growth rate was significantly affected by the levels of soil phosphorus (p<O.002) and

sulfur (p<O.Ol) (Table 5.1 of Appendix 5).

The hypothesis that high pasture growth rate is produced under a high-input system (farmlet

A) compared to a moderate-input system (farmlet B) has not been supported by the results

measured from the cages. As a high-input system, farmlet A did not produce as much forage

as was expected.

Time had a highly significant (p<O.OO 1) effect on pasture growth rate. There was a consistent

pattern of increased growth rate as the season advanced from spring through summer which is

likely to be associated with the plants becoming reproductive at this time and thus

accelerating growth rates above those during vegetative growth periods. This was followed

by a significant drop from autumn throughout winter as most pastures were approaching the

end of their reproductive phase and had presumably commenced senescing. Generally across

all the farmlets, the lowest growth rate occurred in winter and the highest in spring (Figure
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Figure 5.6 The fitted Fourier curve representing net pasture growth rate (kg DM ha- I dail) for
three paddocks of each fannlet from June 2003 to February 2005.

The plus signs represent the fannlet means and the shaded areas represent the confidence
intervals. The dot points represent three marked positions within each of two cages
located in each of three paddocks for each fannlet and each sampling time.

Herbage mass

Pre- and post-grazing

The changes in herbage mass both pre- and post-grazing is shown in Figure 5.7. The numbers

represent the stocking rate on the individual paddocks at each grazing time, expressed in DSE

ha- I
.

There was a rapid decline in green herbage mass in C paddocks over the grazing periods of 3

5 days compared to B paddocks. The disappearance of the green herbage mass was also rapid

on the A paddocks. As indicated in earlier sections, because farmlet A had a number of

newly sown paddocks, the livestock carried on that farmlet were restricted to a smaller

number of paddocks, causing relatively high stocking rates over extended grazing periods.

On the B paddocks, there were smaller changes between pre- and post-grazing green herbage
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mass as the stocking rates on this farmlet were kept relatively low. In some A and B

paddocks, notably paddocks A7 and B8, grazing period was relatively longer (more than 180

days in paddock B8). Therefore, the observed increase in the slopes of green herbage mass

over time reflects not only the difference between pre- and post grazing, but may also indicate

effects due to other factors (e.g. season [time], pasture growth rate, trampling and decay rate).
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Figure 5.7 The changes in green herbage mass between pre- and post-grazing measurements for 3
representative paddocks within each of 3 farmlets over a two year period.

The numbers adjacent to each pre- and post-grazing data point are the approximate stocking
density values in that paddock at that time (DSE/ha).

Seasonal measurement

Both the green herbage mass and net pasture growth rate consistently increased from spring

throughout summer then declined from autumn through winter due to low temperatures.

Generally a higher green herbage and pasture growth rate was recorded in 2003 compared to

other years. This was particularly so in the cases offarmlets A and B. (Figure 5.8).
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Figure 5.8 The seasonal measurements of herbage mass and pasture growth rate on farmlets A, B
and C from July 2003 to April 2005.

Disappearance ofgreen and dead herbage mass during lambing

The disappearance of green herbage mass was able to be measured only in one paddock of

each farmlet and hence limited inferences can be drawn from the results. The gradual

disappearance of both green and dead herbage mass was more strongly marked in paddocks

A2 than in C9 and B3. Compared to A2 and C9, the amount of dead herbage in B3 was high

and relatively less utilised. This confirms that the low stocking rate generally used on farmlet

B allowed some growth. On the other hand, the rate at which both green and dead herbage

mass disappeared in A2 was consistent with the high grazing pressure as the stocking density

(42 DSE ha- I) was far above the normal. In C9, the stocking density was also high (52 DSE

ha- I) compared to 20 DSE ha- I in paddock B3, which nevertheless was still high (Bell 2003).

At the end of 49 days of supporting lambing/lactating ewes, green herbage mass declined

from 1593 to 327 kg DM ha-I on A2 and from 1175 to 377 kg DM ha- I on C9, but did not

change much (654 to 578 kg DM ha-I) on B3. By the time the ewes and their lambs left these

paddocks, the post-grazing herbage mass on A2 and C9 was well below the benchmark (400

kg green DM) (Bell 2003) (Figure 5.7) and the daily intake had dropped to an estimated 0.5

kg DM head-I dai l
. The arrow in paddock C9 shows the movement of animals from one sub

section (C9x) of this paddock to another (C9y) as the gate remained open (from the 5th week)
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to allow free movement of animals to either subdivision.
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Figure 5.9 The disappearance of herbage mass (green and dead) expressed in kg DM/DSE/week
recorded during lambing (6th September to 25th October 2004).

Sampling was done in paddocks A2, B3 and C9 with stocking densities of 42, 20 and 52
DSElha, respectively. The dotted lines represent linear regression curves and the shaded
polygon shows ±2 standard errors. The circles and pluses represent data points of green
and dead herbage respectively at each sampling time. The arrow in paddock C9 indicates
the time when animals in one sub-section (C9x) of this paddock were provided access to
the other sub-section (C9y).

The herbage mass for legumes remained insignificant throughout the seasons across the

farmlets. There was however a tendency for the legume herbage mass to increase during

spring notably, in paddock C9 (Figure 5.10).
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Figure 5.10 The fitted B-splines for the legume herbage mass (kg DM/ha) on three representative
paddocks of farmlets A, Band C from winter 2003 to autumn 2005.

Pasture quality

Figure 5.11 shows the decline in herbage quality of the pastures growing on the lambing

paddock on each farmlet as it was measured in spring 2004. The changes were strongly

marked in paddocks A2 and C9 which started with highly digestible pastures, but at the end of

49 days of supporting lambing/lactating ewes, the dry matter digestibility in these two

paddocks were low compared to paddock B3. The dry matter digestibility of the dead was

however consistently higher in A2 compared to B3 and C9. This finding is consistent with

the results for disappearance of both green and dead herbage mass presented in Figure 1.9.
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Figure 5.11 The changes in pasture quality (% DM Digestibility) during lambing/lactating period
(06 September to 01 November 2004) in paddocks A2, B3 and C9.

Discussion

Pasture growth rate

Seasonal effect

The higher pasture growth rate that occurred during summer 2003/2004 suggests that it is

likely that there was adequate plant-available water together with warm temperatures that

favoured the growth of the warm-season C4 grass species. This observation was also noted

with the changes in botanical composition in Chapter 4. On the other hand, the lower growth

rate during winter reflects low temperatures. While we know that pasture growth rate is

restricted by low temperatures in winter, this was more noticeable on farmlet A compared to

other two farmlets. This could have been due in part to the fact that farmlet A had a higher

proportion of fertiliser-responsive perennial pastures, which remained green throughout

winter and having high digestibility, were likely to have been preferred by the grazing

animals. Sheep are selective and when given the opportunity they commonly select a diet

containing 80% or more green plant material (Arnold 1981).

In the present study, pasture growth in the 2003/04 spring and summer period was generally

higher than in the spring and summer of 2004/05. The significant drop in growth rate during

the late spring through summer to autumn (from November 2004 to April 2005) especially on
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fannlet A could be related to the high stocking rate carried at this time. The abrupt drop in

pasture growth rate during the dry period suggests that these pastures suffered from water

stress.

While it is known that grazing management can modify the time of flowering of different

pasture species, Nicol (1987) indicates that botanical composition can markedly affect the

pattern of pasture growth because of this differential time of flowering.

The results of this study show that pasture growth rates followed a sigmoid pattern

(Brougham 1958; Fulkerson and Donaghy 200 1) with higher growth rate in spring and lower

growth rate in autumn/winter. Commonly, pastures are in growth Phase I at the end of winter

(Brougham 1958) with insufficient leaf area to support maximum photosynthesis (Brougham

1958; Clarke 2002; Fulkerson and Donaghy 200 1). This start of the growing season (Phase I)

is critical for pasture growth as there is nonnally insufficient leaf area for photosynthesis and

hence the plant depends largely on reserve compounds to provide the energy required for

regrowth. It is at this time especially, when young animals and lactating ewes are seeking

high-quality new growth, that the demand for forage exceeds the supply. However, the

digestibility of young actively growing plants in the vegetative stage is maintained in growth

Phase I for most pasture species (Fulkerson and Donaghy 200 I).

It could also be said that pastures in this study reached growth Phase III in summer/autumn

each year of the study period. According to Fulkerson and Donaghy (200 1), pasture growth

Phase III is nonnally designated to occur towards the end of the reproductive cycle for most

pasture species and typically occurs in late summer/autumn. This time, when there is little net

pasture growth, coincides with considerable herbage losses and a decline in herbage quality

and digestibility. This is a period when plants mature, flower, set seeds, senesce and become

donnant. This is also the period when ewes require high nutrition to achieve target

liveweights and condition scores before joining. The retention of too many non-replacement

lambs during this period has been shown to conflict with ewe nutrition at joining and can

thereby reduce lambing percentages (Nicol 1987). The increase in pasture allowances needed

for ewes during this period thus conflicts with the need to build up reserves of standing

pasture for use when pasture growth during winter is low.

Under the Northern Tablelands environment, pasture growth of introduced species is reported

to be characterised by high growth during the spring primary growth phase, moderate growth

in summer-autumn during the secondary regrowth phase and low growth in winter (Ayres et

al. 200 I). The competing influences of this pattern of pasture growth and herbage defoliation
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by grazing animals determines that total herbage mass is at a maximum level in spnng

summer and declines over summer-autumn to reach a minimum level from mid-winter (Ayres

et al. 2001; McPhee et al. 1997). Generally under this environment, the availability of green

herbage mass is reported to be high in summer due to warm-season growth and low in winter

due to the consumption of feed by animals and the effects of severe frosting on leaf

senescence (Ayres et al. 2000b). This finding was confirmed by the results of the present

study which was undertaken in the same region and reported higher green content of herbage

mass, growth rate and pasture quality during spring/summer whilst finding they were at their

lowest during autumn/winter.

It is likely that the growth rates measured within the relatively small exclosure cages were

affected by differences in botanical composition between paddocks and the uneven

distribution of nutrients (dung and urine). Both dung and urine have been demonstrated to

stimulate grass growth, which in tum, can depress clover growth in mixed pastures (Watkin

and Clements 1978).

It is clear from the growth curves of the three farmlet systems that the highly variable climatic

conditions influenced pasture growth rate. The frequently dry and often low winter

temperatures of the Northern Tablelands affect the rate of pasture growth and therefore limit

the feed available for ewes especially from late pregnancy through to lambing in spring.

Spring and autumn are generally critical periods for most pasture species as well as for

animals and they are also times of quite variable rainfall in this region (Alford et al. 2003).

Carberry et al. (2005) noted that rainfall on the Northern Tablelands of New England has

declined in recent decades, especially over winter and this, together with more frequent dry

springs and autumns, continues to challenge grazing enterprises around this region.

According to Nicol (1987), mis-management at these times may affect not only the potential

pasture growth, but also the composition and persistence of many pasture species.

Effect ofmanagement system

It is well known that pasture growth rate is the most variable component of feed supply

(Anonymous 1993; Bell 2003; Hodgson 1990); not only has it been variable in response to

seasonal conditions, but also due to the influence of grazing and the overall stocking rate

supported by the different farm1ets. Farmlet A, with its higher inputs of fertilisers and re

sown pastures, would be expected to have higher growth rates than the other farmlets.

However, the measurements of growth rate have shown that this was not necessarily the case.
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Some of the pastures under the high-input system of farmlet A had the capacity to maintain

high growth rates, because around 20% of this farmlet had undergone resowing in the years

2000-2004. However, the two long-established paddocks of this system had to carry high

stocking rates for long periods and this may have reduced the potential for pasture regrowth in

those paddocks due to repeated excision of the live lamina and sheath and consequently

limited organic reserves. It is reported that grazing of regrowth will restrict the replenishment

of a pasture's nutritional reserves (Hutchinson 1992). According to Hutchinson and King

(1999) the recovery period between grazings should be varied according to climatic

conditions with the objective of optimising pasture growth. Throughout the study period, the

farmlets also experienced drought which might have limited the potential growth of deep

rooted perennial grasses. A significantly higher pasture growth rate on farmlet A compared to

farmlets Band C did occur in spring (September/October) of 2005 after higher rainfall in that

year. (Data not shown on the graph as the studies for this thesis had been completed.) This

good spring growth resulted in the harvest of 160 round bales of silage made from mature

phalaris, lucerne and chicory on paddock Al (3.8 ha) offarmlet A (1. Hoad, pers. comm.),

confirming the potential for high growth rates on that farmlet, given favourable seasonal

conditions. No other opportunities for silage conservation occurred during the period from

July 2000 to July 2006; nor were there any opportunities to harvest forage to make silage on

either of farmlets B or C.

It is well known that the availability of green herbage mass influences the potential growth

rate, as there is an increase in the photosynthetic capacity of the leaf area to intercept incident

light (Archer 1989; Dowling et al. 2006; Morley et al. 1969). It is clear from (Figure 5.8)

that, as the green dry matter increased, pasture growth also increased and vice versa. The

increase in compensatory growth rate has been noted to be more rapid with sufficient rainfall

soon after grazing, but then becomes progressively slower as green herbage mass increases

(Edwards 1981). However, at low levels of herbage mass, when there is insufficient leaf area

to intercept light, the potential growth rate is restricted as the photosynthetic efficiency of the

plant is reduced and the energy in simple sugars is depleted (Harris 1978). This may explain

why pasture growth rate under the high-input system (farmlet A) was lower than expected.

Traditionally, grazing has been viewed as having a negative impact on the subsequent rate of

energy capture and primary production within grazed systems through its direct and indirect

effects on plant growth (Heitschmidt et al. 1990). After defoliation, regrowth is influenced by

the residual green leaf, the rate of recovery of root growth and the quantity and activity of
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meristem tissues remaining (Harris 1978). If the leafblades only are removed, the effect on

the growth rate of vigorous plants, when the growing conditions are good, is minimal.

However, under heavy grazing, a substantial part of the meristem sheaths of most leaves is

likely to be removed; consequently, regrowth can be delayed as most of the

photosynthetically active parts of the plant may have been removed. In situations where

animals are given a chance to continuously over-utilise some plants/plant parts with

preferential grazing, the apical dome along with all the active photosynthetic areas may also

be adversely affected (Briske and Stuth 1982; Stoddart et al. 1975).

With insufficient leaf area following defoliation, the regrowth of plants is dependent to some

extent on the labile energy source from reserve compounds that are stored in the plants

(Fulkerson and Donaghy 200 I). Harris (1978) showed that the dependence on reserves for

regrowth following defoliation is limited to about 2-7 days in grasses until one fully expanded

leaf is formed. Hamilton (1976) found that plant reserves which can be depleted due to

defoliation include both carbohydrates and proteins as important components of the labile

energy pool within the plant.

It is likely that grazing greatly influenced pasture growth in the present study through its

effect on sward components. This would have affected the maximum pasture mass

accumulated and the sward surface height remaining after defoliation (Clarke 2002; Fulkerson

and Donaghy 200 I) both of which are influenced by the botanical composition of the pasture

and the season (Fulkerson and Donaghy 200 I). In mixed stands of species with contrasting

growth forms, modification of the grazing strategies in relation to changes in botanical

composition is recommended (Brougham 1958).

Accurate measurement of net pasture growth rate in the present study proved to be difficult. A

number of factors contributed to the high variability between the paddocks. Most

importantly, the three paddocks chosen for study within each farmlet were deliberately chosen

to be representative of the variation among paddocks, thus creating the conditions for

considerable variability. Further, the falling plate technique is designed for even ground and

uniform species composition. In this study the calibrations were often not consistent as the

central rod of the disk was at times not in contact with soil surface as most paddocks had

undulating ground and consisted of a mixture of pasture species with different growth habits;

some tussock species being clumped and others with hard upright stems at times affected the

settled height of the disk. Limited resources, low numbers of small cages and a small

sampling area also contributed to the high variability of the growth rate measurelnents.
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Whilst pasture growth rate assessed in grazing exclosure cages can provide different estimates

to the growth obtained in a grazed pasture, the fact that the cages were in place for no longer

than 35 days should have limited such problems (Cayley and Bird 1991).

In an attempt to reduce the variability of pasture growth measurements, large grazing

exclosures (5m x 2.5m) were compared over two seasons to the small cages used throughout

the study. Herbage in these large exclosures was cut with a lawn mower set at a standard

height. However, this resulted in different estimates of growth rate inside and outside the

cages. Consequently, lower growth rates were found when using large cages than when using

small cages. The lower growth rate in the large cages is likely to have been caused by there

being insufficient leaf area to intercept incident light for photosynthesis. In view of these

results, the growth rate measurements reported are all based on the small cages where the

initial herbage mass was determined using estimates based on indirect measuren1ents using

the falling plate together with calibration.

Herbage mass

Seasonal effect

The changes in the accumulation of green, dead and total herbage mass reflect the net effect

of the intermittent and seasonal patterns of growth, senescence and the trampling and

utilisation of the herbage mass by the livestock. There was a progressive increase in herbage

mass during summer and a consistent decline during winter in parallel with the trends in

pasture growth rates. The small herbage mass measured in winter could be ascribed to low

temperatures and often inadequate soil moisture that constrained pasture growth, which,

together with high grazing pressure in winter, led to declines in herbage mass. More herbage

mass accumulated between spring and summer and particularly in the summer of 2003/2004,

due to high rainfall accompanied by the warm temperatures that occurred in January 2004 and

these conditions promoted high growth especially of warm-season C4 species.

Normally one would have expected a similar increase in herbage mass during late summer of

2004/05. There was however a rapid decline in both total and green herbage mass during the

dry period between January and April 2005. This decline in herbage mass was associated

with a marked drop in pasture growth rate. Whereas at levels of plant available water above

80% of field capacity, plant growth is not limited by water, below this threshold, there is a

linear decline in plant growth as the soil layer dries out and approaches wilting point (Turner

and Begg 1978). Comparable to the findings of this experiment, the study of Michalk et al.
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(2003) carried out on the Central Tablelands revealed significant decline in green herbage

mass for all the six treatments applied in summer and the differences varied from year to year.

Effect ofmanagement system

Whilst the impact of seasonal variations on herbage mass was obvious, there was also

evidence of large effects due to the farmlet management systems. The accumulation of high

biomasses from March 2000 to December 2001 was due to low stocking rates during the

period when the farmlets were being established (Scott et al. 2004). Increases in stocking

rates led to a gradual decline in total herbage mass especially since 2002. This \vas

particularly the case on farmlet A, which the Cicerone board and manager judged (by visual

inspection) to be capable of carrying more stock.

The selection of the' correct' stocking rate is the most important of all grazing management

decisions from the standpoint of vegetation. Stocking above the carrying capacity of the

pastures for extended periods can result in long-term effects on the pasture through the loss of

desirable species (Ash and Stafford Smith 1996). In any grazing system, stocking rate and

herbage allowance determine herbage availability, which in tum affects residual biomass and

morphological structure of post grazing swards (Edwards 1981).

The hypothesis that, compared to the typical management system (farmlet B), farmlets A or C

would result in higher herbage mass was not supported by the evidence. Nonetheless, whilst

farmlet A had similar levels of green herbage mass to the other two systems, it also had

consistently lower levels of dead herbage mass compared with farmlets B or C. This implies

that animals on farmlet A had a diet on offer that had a higher ratio of green to dead and thus

it would have been easier for animals to select a diet with a higher green fraction.

In relation to the hypothesis concerning differences in herbage quality, farmlet A had

consistently and significantly higher levels of digestibility and crude protein for both the

green and dead fractions than either of the other farmlets. Thus, it is clear that the quality of

the diet on offer to grazing animals (proportion green, digestibility and crude protein) on this

farmlet was of higher quality than on either of the other farmlets.

The differences in total and green herbage mass between farmlets Band C were not

significant. Long rest periods imposed on farmlet C may have resulted in increased

respiration in lower leaves due to shading by old leaves. According to Hodgson (1990) high

herbage mass, especially during late spring and early summer is associated with a risk of the

accumulated dead plant material reducing the digestibility and energy value of the herbage on
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offer. The consistent decline in green herbage under these two moderate-input systems could

also be attributed to the strong dominance of native and naturalised pasture species, as these

pastures are characterised by short growing seasons and provide high-quality green herbage

mass for only a limited period of the year (Ayres et al. 2000b). Most of these warm-season

native grasses are reported as having low levels of green leaf compared to stem and through

low frost tolerance, they typically present senesced residues of poor nutritive value in winter

(Ayres et al. 2000a).

Whilst the changes in herbage mass seemingly conform to the effects of grazing management,

the impact of soil fertility levels and the sowing of different species has also been strongly

evident. Farmlets A and B with similar grazing management, but different input levels

(fertilizer and sown species) and diverging stocking rates over time, had marked differences

in both total and dead biomasses. On the other hand, farmlets Band C with their different

grazing managements, but the same level of inputs and stocking rate, did not show a

significant difference in the total, green or dead herbage mass. These observations confirm

the great impact which different levels of inputs and grazing management can have on the

different amounts and quality of the feed on offer between farmlets.

The changes in pre- and post-grazing herbage mass

Whereas the differences in herbage mass between the pre-grazing and post-grazing pasture

are related to the herbage ingested, the length of grazing period needs to be taken into

account. Cook (1964) notes that the use of the pre- and post-grazing method to estimate

intake assumes that there is little or no growth and no trampling of the pasture during the

sampling period. Whilst this method may be of use on farmlet C because of its short grazing

periods (3-5 days), this assumption does not hold for farmlets A and B with their long grazing

periods, as there were other factors influencing changes in herbage mass. While the effect of

some of the factors such as season (time), stocking rate and pasture growth rate on changes in

herbage mass has been accounted for in this study, the impact of other factors (e.g. trampling

and decay rate) were beyond the scope of this study.

To account for the influence of such factors, a weekly measurement was conducted during the

lambing period on only the lambing paddocks of each system. The dramatic decline in both

green and dead herbage mass noted on paddocks A2 compared to B3 (Figure 5.9) reflects the

high stocking rate especially on farmlet A. The high stocking density for short periods

imposed on farmlet C relative to farmlet B might have also influenced the rapid disappearance

152



Chapter 5: Pasture supply

of green and dead herbage mass during the first 2-3 days of grazing in this intensive rotation

system.

The relationship between pasture quantity and quality is reported as ever-changing in

response to seasonal variation, plant species variation, intensity and frequency of defoliation

(Gudmundsson 1993). There is clear evidence from these results that the green herbage mass

across the three farmlets was allowed to fall well below the requirement of the grazing

animals, especially during the critical periods ofjoining and lambing periods. As the

availability of green herbage mass dropped below 500 kg OM ha- l during the 56 days of

lambing/lactating (Figure 5.9), the dry matter digestibility similarly declined (Figure 5.11)

and it is likely that the animals' capacity to select was also reduced. According to Hamilton

et al. (1973), when the green herbage on offer drops below 550 kg OM ha- l
, the animals

(especially sheep) switch from green to dead herbage mass (of lower digestibility) resulting in

a dramatic decline in nutrient intake and thus reducing animal performance. This would also

mean that the animals spend more energy and time on grazing activity.

Pasture quality

Seasonal effects

Generally, the higher observed nutritive value of the pastures in spring compared to late

summer and autumn reflect typical seasonal patterns. This decline in herbage nutritive value

with grass maturation in late summer and autumn is associated with the translocation of

nutrients to reserve pools (Gudmundsson 1993; Heady and Heady 1982; Mpiti-Shakhane et

al. 2002b; Smith et al. 1975; Snaydon 1981). The rapid decline in green herbage mass and a

marked increase in dead herbage mass during this stage exacerbate the decline in herbage

nutritive value; the rate of decline, however varies between species.

The seasonal variations in pasture quality and the changes due to maturity are reported to be

related to the changes in the stage of plant growth and development, rather than of climatic

conditions per se (Snaydon 1981). The changes in herbage nutritive value (both dry matter

digestibility and crude protein) not only interact with changes in herbage mass, but are also

directly related to pasture growth phases as was found to be the case in this study.

The work of Hamilton et al. (1973), which focussed on introduced perennial grasses (tall

fescue, phalaris, ryegrass and cocksfoot) on the Northern Tablelands of NSW, support the

view that diet quality is related to the availability of green herbage mass. The study of Ayres

et al. (2001), which also focused on introduced grasses (tall fescue, phalaris, ryegrass,
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cocksfoot) and legumes (white clover and red clover) under similar environmental conditions,

supports the findings of a change in pasture quality in relation to different stages of

phenological maturity. As with the results of the present study, the study of Ayres et al.

(200 I) revealed that for introduced species, the broad seasonal pattern comprises high pasture

quality from cool-season vegetative growth in winter, progressive decline in pasture quality

through the spring primary growth phase and low but relatively uniform quality of secondary

regrowth in summer-autumn (Ayres et al. 200 I). This decline in quality with the onset of

maturity is primarily related to ageing of leaves which means less opportunity for preferential

grazing to compensate for a corresponding decline in diet quality (Ayres et al. 2001).

Effect ofmanagement system

Generally, the digestibility and crude protein values of individual pasture species in A7

supports the hypothesis that a high-input system enhances pasture quality more than

moderate-input systems. The lower levels of accumulated dead herbage mass on this farmlet

further suggest less wastage of herbage through senescence. On the other hand, the

accumulation of surplus herbage demonstrated on farmlets Band C resulted in carry-over of

dead residual material, which exacerbated the decline in herbage quality. The fact that

farmlet A showed significantly higher herbage quality than farmlets Band C, even though the

grazing management on A and B was the same, confirms the great influence of the

combination of higher soil fertility levels, the sowing of fertiliser-responsive species as well

as the high stocking rate on farmlet A. The use of appropriate grazing tactics that can

maintain a high proportion of digestible leaf acts as a catalyst for enhancing livestock

performance (Clarke 2002). According to Morley (1981), grazing management can be used

to maintain temperate pastures at the immature (vegetative) stage and to increase the

proportion of highly nutritive pasture species.

The key issues observed from this chapter include the following: (I) no significant difference

between the farmlet systems in terms of pasture growth rate or green herbage mass; (2)

compared to the high-input system (farmlet A), typical district practice (farmlet B) and

intensive rotational grazing (farmlet C) accumulated more dead and total herbage mass. The

higher stock numbers kept under the high-input system over the years suggest less

accumulation of dead herbage mass and this was confirmed by the rapid disappearance of

both green and dead on one of the A paddocks during the lambing period. Regardless of the

frequent sowing of new pastures and high fertiliser applications, the high grazing pressure on

farmlet A would suggest that the pastures in this system maintained insufficient leaf area to
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enhance quicker regrowth after grazing; (3) throughout the experimental period, the pasture

growing under the high-input system had significantly higher quality (digestibility and crude

protein) than the pastures growing under moderate-input systems and this is likely to be the

key reason that farmlet A was able to support more stock without penalties in per head

performance over a period of several years.

The frequent decline of green herbage mass on all three farmlets below the widely accepted

PROGRAZE benchmarks of 500-600 and 800-1000 kg green DM/ha for ewes in early and

late pregnancy respectively (Bell 2003), has had large impacts on animal perfonnance and no

doubt also reduced the persistence of fertilizer-responsive, deep-rooted perennial grasses and

persistent legumes.

Future studies should address the response of pasture components (growth, herbage mass and

quality) to the impact of key factors (grazing management, stocking rate, climatic conditions,

trampling, decay rate etc.) which are likely to influence changes in pasture supply. We

acknowledge that, in this study, we were not able to measure the subtle differences in growth

rate throughout the trial period which might have occurred to sustain the higher stocking rate

under the high-input system. Nonetheless, there is evidence of higher pasture quality, a

higher proportion of green, better weaner growth and the ability to support a higher stocking

rate on farmlet A than on other farmlets (8 and C). The effects of management of pasture

components on animal performance under the three systems will be explored in the following

Chapters.
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Chapter 6: Animal Production

Introduction

The effect of grazing management on the performance of grazing animals has been well

documented (Ayres et al. 2000b; Lodge et al. 2003b; Morley et al. 1969).

The performance of grazing animals ultimately reflects the balance between their energy

requirements and the energy that these animals are able to extract from the pasture. Animal

liveweight is a useful measurement of the adequacy of herbage availability and quality to

meet the nutritional requirements of either growing stock or breeding ewes; it is affected more

by the amount of green material on offer compared to the total herbage mass (Bell and

Blackwood 1993; Caple 1994; Hamilton 1976). Likewise wool production (fleece weight per

sheep and per hectare) and wool traits (staple strength, fibre diameter and staple length) are

also affected by the pasture availability and quality, including the absorption of amino acids

and minerals.

Intake and liveweight gain generally decline under conditions when the dry matter

digestibility of green herbage is reduced; this tends to be associated with situations where

there is a reduced forage allowance (Gudmundsson 1993).

Whilst the best grazing management system might be considered to be one that balances the

nutritional requirements of the grazing animals with the ability of the pasture to supply such

nutrients (Sollenberger 2002), the search for this balance continues to attract the attention of

researchers, especially in Australia with its highly variable climate.

The livestock results reported in this chapter relate to how grazing animals responded to three

farmlet systems with different inputs and grazing management. The hypotheses tested were:

(i) that high-input levels (farmlet A) and/or (ii) intensive rotational grazing (farmlet C) would

increase animal production compared to a typical moderate-input system (farmlet B).

Materials and methods

Animal handling and management

The liveweights and condition/fat scores of the ewes and wethers were normally assessed at

4-6 week intervals on all farmlets. These data were used for determination of means over

time. Monitoring of worm eggs was done on a regular basis and drench management was

carried out based on regular faecal egg counts. These egg count results were interpreted by a
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practising veterinarian (Cicerone Board member, Ms. Betty Hall) with input from a fellow

postgraduate (Ms. A. Colvin) who was studying the parasite dynamics on the three Cicerone

farmlets, leading to drenching recommendations for each mob on each farmlet. Greasy fleece

weight was determined at shearing in July each year by weighing the fleece from each

individual sheep; individual animal fleece samples were taken for determination of staple

length (mm), tensile strength (N/ktex) and fibre diameter (/-lm).

Joining of the ewes occurred from early April to early May with lambing from October to

November each year. During joining, all the ewes from the three farmlets were combined and

run with the same rams on the 'periphery' land (external to the farmlets) to ensure similar

genetic capacity of progeny on all three farmlets. Ewes were pregnancy scanned at an

average of 60 days of pregnancy (approximately early June) to identify dry, single and

multiple bearing ewes.

Marking of lambs and early mulesing to control fly strike were normally carried out in

November each year. The weights of lambs were recorded at marking, at weaning and

approximately every 4 weeks thereafter. Cattle were agisted on the farmlets on a number of

occasions when there was sufficient surplus feed. The results for cattle liveweights reported

here were collected over two such agistment periods (May 2003 to May 2004; September

2004 to March 2005).

Lambing percentages of ewes on each farmlet each year were calculated from the number of

ewes scanned (0, 1 or 2 foetuses) divided by the number of ewes joined and expressed as a

percentage.

The carrying capacity (DSE/ha) values were calculated from the data for stock nlovements of

different animal classes between the paddocks of each farmlet from July 200 I-November

2005. The calculation involved multiplying the number of animals (in the same mob) by the

standard DSE rating for sheep in NSW (Bell 2003) and dividing by the paddock area (ha).

The graze and rest periods were calculated on the stock movement data which recorded the

date-in and date-out for each mob of sheep and cattle in every paddock of the three farmlets.

For clarity, the results are presented separately for the various animal classes (reproductive

ewes [liveweight and reproduction], non-reproductive animals [growth rate of the weaners,

wethers and cattle] and production of all animals on a per hectare basis [stocking rate,

liveweight and wool productionD.
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Statistical analysis

Animal perfonnance was detennined using data from all of the Cicerone fannlet livestock and

therefore fannlets were replicated across time. Time and fannlet were therefore used as fixed

effects while animal was used as a random effect. Data for animal perfonnance (liveweight)

were repeated measures and as such were subjected to longitudinal analysis (linear mixed

effects model fitted by REML) to examine the effects of fannlet management on animal

perfonnance over time (R Development Core Team 2005).

Data for pregnancy rate, stocking rate, and wool production were analysed using analysis of

variance by the General Linear Model (GLM) procedure of the statistical analysis computer

package (SAS Institute Inc. 2003). The independent variables (Fann, Time) were listed in a

CLASS statement while the GLM model presented the relationship of the dependent and

independent variables.

The means of the significant factors were further separated and compared using Minimum

Significant Difference (MSD) of the Waller-Duncan k-ratio t Test for response variables (ewe

pregnancy rate and twinning rate, DSE, greasy fleece weight, fibre diameter, staple strength,

staple length, and wool yield).

Results

Reproductive ewes

Figure 6.1 shows the liveweight of ewes from early in the experiment in November 2000 to

November 2005. It is important to note that these liveweights were not corrected for either

wool growth nor gut fill and hence the relative liveweights between fannlets are of greatest

interest. It is noteworthy that during the early periods of the experiment, the ewes on each

fannlet had similar weights until the effects of management treatments started to take effect in

2001. In general, the fluctuations in the liveweight of ewes followed seasonal changes in feed

supply. There were marked weight losses associated with winter conditions and shearing in

July followed by spring lambing and lactation through to early summer when lambs were

weaned. Ewe liveweights differed significantly (p<O.OO 1) between the fannlets. Over the

years, fannlets A and B maintained significantly higher animalliveweights than farmlet C.

While there was a similar response in the weight gains and losses in 2002 across the farmlets,

farmlet C showed a significant (p<O.OO 1) decline after shearing in August 2002, then

continued lagging behind until November 2005. The liveweights of all ewes markedly

increased in spring/summer 2003 which reflected the favourable growing conditions at that
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time (Figure 6.1).
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Figure 6.1 Fitted B-spline curves for the average ewe liveweight (kg head-I) from November 2000
to November 2005 on farmlets A, Band C.

The mean ewe liveweight and fat score at joining, prior to lambing and at weaning on the

three farmlets for the years 2003, 2004 and 2005 are presented in Figure 6.2 and Figure 6.3.

During these periods, farmlet C ewes had a significantly (p<0.05) lower liveweight and fat

score compared to those on farmlets A and B. The lower liveweight and fat score of farmlet

C ewes especially at joining in 2003-2004, were also reflected in the lower weight gain and

growth rate of weaner lambs on this farmlet (Table 6.2). While the lower liveweights of

farmlet C ewes was most obvious at joining in 2003 and weaning in 2005, the condition

scores of these ewes were always less than the target scores of 3+ at joining and 3 pre

lambing (Marchant 2005).

Despite the relatively higher liveweights and fat scores observed on farmlet A and B ewes, the

liveweights of all ewes were generally lower in 2004 and 2005 than in 2003 (Figure 6.2 and

Figure 6.3).
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Figure 6.2 Box whisker plots for the mean ewe liveweight at joining, pre-lambing and weaning
from 2003-2005 on farmlets A, Band C.

The dot in the box represents the median value and the width of the box is equal to the
difference between the third and first quartiles of the data while the data points falling
outside of the whiskers indicate the outliers. Statistical differences are shown in Table
6.1 of Appendix 6.
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Figure 6.3 Box whisker plots for the mean ewe fat score at joining, pre-lambing and weaning from
2003-2005 on farmlets A, Band C.

The dot in the box represents the median value and the width of the box is equal to the
difference between the third and first quartiles of the data while the data points falling
outside of the whiskers indicate the outliers. Statistical differences are shown in Table
6.1 of Appendix 6.

The effects of ewe liveweight and fat score at joining, pre-lambing, and weaning from 2003

2005 (Figure 6.2 and Figure 6.3) were reflected in the twinning rate of ewes (Table 6.1) and

further in the growth rate and weaning weight of lambs (Table 6.2). The twinning rate was

significantly higher in 2003 than in 2004 and 2005.
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In spite of having a higher stocking rate, in all the years, ewes in the high-input system

(farmlet A) showed greater potential for higher lambing rates than those under either of the

moderate-input systems (farmlets B and C). The difference was significant (p<0.05) in 2003

and 2005 (Table 6.1).

Table 6.1 Potential lambs per ewe based on twinning and pregnancy rates on fannlets A, Band C
over years 2003-2005.

Means followed by the same letter within each column are not significantly different
(Waller-Duncan k-ratio t test of Minimum Significant Difference at p = 0.05).

Farmlet 2003 2004

A 1.36 a 1.18 a

B 1.22 ab 1.12 a

C 1.08 b 1.10 a
MSD 0.27 0.16

2005

1.14 a

0.94 b

0.92 b
0.12

Measurements ofweaners, wethers and cattle

Weaner lambs

The changes in ewe liveweight and condition score (Figure 6.2 and Figure 6.3) were reflected

in the growth rate of lambs at marking and weaning (Table 6.2 and Figure 6.4). Differences

in lamb growth rates between farmlets commenced from 5 months after marking. Weaners on

the intensive rotational grazing farmlet (C) were consistently lower than those on either of the

flexible grazing systems (farmlets A and B). This remained so until 2004 when the mean

grazing rest period on farmlet C was reduced from 137 days (mean from Jan 2001 to Dec

2003) to 105 days (mean from Jan 2004 to Dec 2005). From this time onwards, farmlet C

registered significantly (P<0.003) higher growth rates of the '2004 drop' weaner lambs

compared to farmlet A and this remained so until July 2005 (Figure 6.4) and (Table 6.2).

There was a tendency for both the initialliveweight at marking and finalliveweight at 12

months for lamb drops (2000-2004) to be high under the high-input system (farmlet A)

followed by typical grazing practice (farmlet B) and the lowest under intensive rotational

grazing (farmlet C). Compared to the moderate-input systems (farmlets B and C), the high

input system (farmlet A) also had a significantly (p<OOl) higher lamb liveweight per hectare

at both marking and at 12 months of age (Table 6.2).
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Figure 6.4 Fitted B-spline curves for the liveweight (kg head-I) ofweaner lambs born from spring
2000 to 2004 from marking (November each year) to 12 months later on farmlets A, B
and C.

The pregnancy rate of ewes grazing under the high input system (farmlet A) was significantly

(p<0.001) higher than ewes under either of the moderate input systems (B and C) in the years

2003 and 2005; the differences were however not significant in 2004. When fitted with a

quadratic model, a significant positive relationship was found between ewe liveweight and the

pregnancy rate, with the twinning rate being highest at 58, 56, and 50 kg/head for farmlets A,

B, and C, respectively.

Across all three farmlets, the percentage of lambs that survived to weaning was higher in

2003 and 2004 than in 2005. Whilst it was expected that high pregnancy and twinning rates

would lead to high lambing percentages, this was not found to be true in some cases. For

example, the high pregnancy rate on farmlet A did not necessarily translate into

proportionately higher lamb marking or weaning rates, especially compared to the typical

farmlet (B) in 2003 and 2004. Although the differences were not significant (p>0.05), the

percentage of lambs that survived to marking and weaning tended to be higher on farmlet B

followed by farmlet A with farmlet C commonly having the lowest values (Table 6.3).
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Table 6.2 The liveweight (kg head-] and kg ha-1
) of 2000-2004 weaner lambs at marking and at 12

months from marking on farmlets A, Band C.

Means followed by the same letter within each column for each drop are not significantly
different (Waller-Duncan k-ratio t test of Minimum Significant Difference at p = 0.05).

Drop/ At At 12
Farmlet marking months

Wt Wt Wt Wt
(kg/head) (kg/ha) DSE/ha (kg/head) (kg/ha) DSE/ha

2000 drop
A 11.6a 147.2 12.7 35.3a 589.8 16.7
B 10Ab 119.5 11.5 32.5b 269.6 8.3
C 11.2a 130.5 11.7 31.6c 392.2 l2A

MSD 0.5 0.7
2001 drop

A 15.2a 254.3 16.7 37.7a 402.2 10.7
B 14.0ab 11604 8.3 34.9b 331.2 9.5
C 13Ab 165.8 1204 30.1c 294.8 9.8

MSD 1.4 1.4
2002 drop

A 12.8a 136.1 10.7 46.5a 790.2 17.0
B 13.2a 12504 9.5 42.6b 443.1 lOA
C 11.3b 110.5 9.8 35.7c 401.3 11.3

MSD 0.9 2.0
2003 drop

A 18.5a 313.7 17.0 43.1a 804.0 18.7
B 18.0a 187.5 lOA 41.4b 513.9 1204
C 16.8b 189.0 11.3 39.9b 480.8 12.1

MSD 0.7 1.7
2004 drop

A 16.8b 313.3 18.7 39.0a 299.0 13.0
B 17.8a 220.7 1204 35.9b 281.0 10.0
C 16.9b 203.6 12.1 34.9c 244.8 9.0

MSD 0.6 0.8
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Table 6.3 Ewe pregnancy rate (%) and the percentage of lambs marked and weaned per ewe joined
on farmlets A, Band C.

Means followed by the same letter within each column for each year are not significantly
different (farmlet B was taken as a control and was compared against farmlets A and C
using Dunnett's method at p = 0.05).

143 a 81 79
121 b 92 92
113 b 77 77

119 a 85 82
111 a 90 85
109 a 84 84

101 a 73 66
84 b 69 65
83 b 64 63

Farmlet
2003

A
B
C

2004
A
B
C

2005
A
B
C

Ewe Pregnancy rate
(%)

Lambs
marked (%)

Lambs
weaned (%)

Figure 6.5 shows the relationship between ewe pregnancy rate and percent lambs marked,

weaned, or lost across years and farmlets. At levels of pregnancy above about 120%, the

number of lambs marked and weaned tended to decline while lamb losses tended to increase.
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Figure 6.5 Relationship between ewe pregnancy rate and percent lambs marked, weaned or lost
averaged across years and farmlets. The lines are the fitted quadratic functions.

Wethers

Over a period of3 years, wethers on farmlets A and B had significantly (p<O.OOl) higher

liveweights than those on farmlet C. Throughout the study period, the liveweights of wethers
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on farmlet C were significantly lower than those on the other farmlets. Farmlet A wethers

were heavier until autumn 2002, after which time the stocking rate on farmlet A was

increased (Figure 6.1 in Appendix 6).

Farmlet B had significantly (p<0.05) higher liveweight (54.4 kg head-I) for wethers than

farmlets A (52.6 kg head-I) and C (43.1 kg head-I) in spring 2003, while the liveweight for

wethers in autumn 2005 was significantly (p<O.OOI) lower on farmlet C (57.8 kg head-I), with

no significant difference between farmlets A (61.4 kg head-I) and B (62.4 kg head-I). In spite

of the markedly lower liveweights in spring 2003 and lower finalliveweights in autumn 2005,

the liveweights of these wethers significantly increased by 14.7 kg head-Ion farmlet C

compared to farmlets A (8.8 kg head-I) and B (8.0 kg head-I) (Figure 6.6). These differences

are reflected in daily liveweight gains of 0.025 kg/day (farmlet C) compared to 0.017 kg/day

(A) and 0.017 kg/day (B). This increased liveweight gain occurred following the Cicerone

Board's decision to shorten the rest periods on farmlet C from mid 2003 onwards (Figure

3.6).
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Figure 6.6 The initial and finalliveweights (kg head-I) of wethers on farmlets A, Band C
measured in September 2003 and April 2005.

The dot in the box represents the median value and the width of the box is equal to the
difference between the third and first quartiles of the data while the data points falling
outside of the whiskers indicate the outliers.

Cattle

Table 6.4 shows initial and finalliveweights in kg head- I and kg ha- I for heifers and steers

grazing on farmlets A, Band C. There were no significant differences in both initial and final

liveweights (kg head-I) for heifers between the farmlets. There was however a significant
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(p<O.05) difference in initialliveweights of steers (kg head-I) between the three farmlets with

farmlet B having the higher weights compared to farmlet C; however, farmlet A did not differ

significantly from either B or C. The finalliveweight for these steers did not differ

significantly between the farmlets.

The initialliveweights per hectare for both heifers and steers differed significantly (p<O.05)

between the farmlets with farmlet A having significantly higher weight followed by B and the

lowest weight was recorded on C. Similarly, the finalliveweights in a hectare for both heifers

and steers were significantly (p<O.Ol) higher on farmlet A compared to Band C; the

difference between Band C was not significant. Generally, the finalliveweights for both

heifers and steers per hectare were significantly lower than their initialliveweights per hectare

and this was attributed to reduced stocking rates across the farmlets (Table 6.4).

Table 6.4 The initial and finalliveweights (kg head-I and kg ha- 1
) for the heifers and steers

measured in October 2003 and May 2004 on three farmlets.

Means followed by the same letter within each column are not significantly different
(Waller-Duncan k-ratio t test of Minimum Significant Difference at p = 0.05).

Farmlet

A
B
C

MSD

Heifers
kg head! kg ha-!

283 a 4501 a
286 a 2629 c
284 a 3069 b

34 295

October 2003 May 2004
Steers Heifers Steers

kg head! kg ha-! kg head! kg ha-! kg head!
333 ab 5301 a 430 a 4132 a 502 a
375 a 3450 b 413 a 2929 b 508 a
3l4b 3393b 408 a 2815b 457a

60 581 28 180 77

kg ha-!
4823 a
3610 b
3153 b

504

The daily liveweight gains per head and per hectare for heifers did not differ significantly

between the farmlets. While the daily liveweight gains per head for steers also remained

insignificant across the farmlets, per hectare gain for these steers was significantly (p<O.05)

higher on farmlet A than on other farmlets (Table 6.5).

Daily weight gainFarmlet

Table 6.5. The weight gain per head and per hectare of the heifers and steers between the three
farm1ets for a period of 12 months (from October 2003 to May 2004).

Number
per farmlet

4.17
4.50
4.45
3.13

23.68
15.77
15.09
5.03

A

B

C

MSD

A
B
C

MSD

(kg head-I) (kg ha- I)
Heifers

0.85
0.63
0.57
0.45

Steers
1.02
0.97
0.88
0.32

23
34
37

110
77
81
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Carrying capacity and wool production

Figure 6.7 shows the stocking rate expressed in dry sheep equivalents per hectare on the three

farmlets over years 2001 to 2005. The stocking rates were kept low across the farmlets

during the establishment year of 2000 (data not shown). Since 2001, the farmlets started

showing differences in stocking rates, especially on the high-input farmlet (A) that was

judged by Cicerone management to have a higher carrying capacity. Under this system

(farmlet A), stocking rates increased over time (except during the 2002 drought year) as new

pastures became established and as seasonal conditions permitted. The stocking rates under

the moderate-input systems (farmlets B and C) remained relatively low. Farmlet C, which

initially aimed at achieving the same carrying capacity (15 DSE ha- I
) as farmlet A was never

able to achieve this target.

25 --Fanrlet A - Fanrlet B FanrletC

Figure 6.7 Sequential carrying capacity (dry sheep equivalent per hectare) for both sheep and cattle
from July 2001 to November 2005 on farmlets A, Band C.

The horizontal bars indicate the 6-week periods when ewes were joined to common rams
in non-farmlet paddocks each year.

The farmlets showed highly significant (p<0.002) differences in stocking rates over time with

farmlet A having an overall significantly (p<0.005) higher stocking rate than farmlets Band

C; the difference between farmlets Band C was not significant. While farmlet A, which

aimed for an average stocking rate of 15 DSE/ha within 5 years achieved that target in some

years, farmlet C had the same target stocking rate as farmlet A but was below this target in all

the years. On the other hand, the target stocking rate for farmlet B was 7.5 DSE/ha and this

was achieved in most years (Table 6.6). The actual numbers of livestock carried on each

farmlet are shown in Figure 6.2 of Appendix 6.
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The reported results for wool production and quality in Table 6.6 and Figure 6.8 were based

only on fleece data for ewes. The fleece weight per head produced across the fannlets in

2003 and 2004 was higher than in 2002 and 2005. Fannlet treatment had a significant effect

on fleece production; sheep in the high-input system (fannlet A) produced significantly

(p<0.002) higher greasy fleece weight per head than those in either of the moderate-input

systems (fannlets B and C). The fannlets also produced significant (p<O.OO 1) differences in

fleece weight per hectare with fannlet A producing significantly (p<O.OO1) higher wool

weight per hectare than fannlets Band C in all the years (Table 6.6).

Table 6.6 Wool production from ewes (kg head-1 and kg ha- I
) and annual stocking rate expressed

as DSE ha- I on fannlets A, Band C for the years 2002-2005.

Means for wool production followed by the same letter within each row are not
significantly different (Waller-Duncan k-ratio t test of Minimum Significant Difference at
p = 0.05).

Farmlet A Farmlet B Farmlet C MSD
Year DSE/ kg/ kg/ DSE/ kg/ kg/ DSE/ kg/ kg/ kg/ kg/

ha head ha ha head ha ha head ha head ha
2002 15.8 2.2a 35.la 9.9 2.lb 2l.0b 9.6 1.9c 17.8c 0.1 1.2
2003 10.2 3.8a 38.5a 8.8 3.7a 32.4b 7.8 2.8b 22.0c 0.2 1.4
2004 10.8 3.5a 37.8a 7.3 3.6a 26.1b 8.0 2.9b 23.1c 0.3 2.1
2005 14.2 2.6a 37.la 9.7 2.5ab 23.6b 9.1 2.3b 20.7b 0.3 3.4
Avg 12.8 3.0 37.1 8.9 3.0 25.8 8.6 2.5 20.9 0.2 2.0

When the data are examined against the Jones and Sandland (1974) model, the wool data for

four years (2002-2005) reveal clear differences between the fannlets in tenns of wool

production in relation to increasing stocking rate on each fannlet. Figure 6.8 indicates that

the potential kg wool/head for a high-input system (fannlet A) was 6.6, for typical district

grazing was 7.9 and for intensive rotational grazing (fannlet C) was 7.0, whilst the rate of

decline per additional DSE (i.e. slope of relationship) was lower for fannlet A being -0.28, 

0.55 and -0.52 kg wool/DSE increase for fannlets A, Band C, respectively. The results

further show that wool production per hectare was maximised at 11.8, 7.15 and 6.7 DSE/ha, at

which point the maximum wool production was 38.8, 28.3 and 23.3 kg/ha for fannlets A, B

and C, respectively.
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Figure 6.8 Relationship between wool cut (both kg/head and kg/ha) and dry sheep
equivalent (DSE/ha) on farmlets A, Band C. The symbols are the data points
and the solid lines are the most fitted linear (a-c) and quadratic (d-£) functions
fitted to the per head and per ha data, respectively

Table 6.7 outlines the comparison of the traits of wool quality between the three farmlets

over a period of 4 years. Farmlets A and B produced wool with significantly (p<0.05) higher

micron than farmlet C in 2002-2003, but there were no significant differences in micron

between the farmlets in years 2004-2005.

The farmlets also showed significant (p<O.OOl) differences in staple length, with sheep in the

high-input system (A) having higher staple length than those under the moderate-input

systems, except in 2005 when the differences between all three farmlets were not significant

(p>0.08).

Early in the experimental period (2002), sheep under the flexible grazing systems (farmlets A

and B) produced wool with significantly (p<0.002) higher tensile strength compared to those
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under the intensive rotational grazing system (C). There were however marked changes in the

past three years, as farmlet C produced wool with a noticeable improvement in the tensile

strength relative to flexible grazing systems in 2003 and 2005 but not in 2004.

Farmlet B produced wool with a slightly but nevertheless significantly (p<0.05) higher yield

than farmlet C, which in tum had a significantly higher yield than farmlet A in 2002. In 2004,

both farmlets Band C produced a significantly higher wool yield than farmlet A. The

farmlets did not show any significant difference in terms of wool yield in years 2003 and

2005 (Table 6.8).

Table 6.8 Fibre diameter (~m), wool yield (%), staple length (mm) and staple strength (I\/ktex) for
ewes over years 2002-2005 on fannlets A, Band C.

Means followed by the same letter within each column are not significantly different
(Waller-Duncan k-ratio t test of Minimum Significant Difference at p = 0.05).

Fibre diameter Staple strength Staple length Wool yield
(J.1m) (N/ktex) (mm) (%)

2002
A 17.0 a 44.8 a 67.8 a 77.6 c
B 17.2 a 46.4 a 64.6 b 80.8 a
C 16.6 b 39.0 b 63.3 b 79.7 b

MSD 0.3 2.7 2.2 1.0
2003

A 19.0 a 35.2 b 87.7 a 79.2 a
B 19.6 a 33.8 b 85.4 b 80.5 a
C 17.8 b 40.5 a 78.9 c 79.4 a

MSD 0.8 2.1 2.2 1.5
2004

A 18.3 a 45.6 a 80.1 a 78.9 b
B 17.7 a 46.8 a 81.9 a 80.5 a
C 17.8 a 47.4 a 76.1 b 80.7 a

MSD 1.0 3.1 2.5 0.9
2005

A 16.8 a 45.0 ab 72.6 a 79.2 a
B 16.7 a 41.9 b 71.4 a 80.1 a
C 16.4 a 45.8 a 69.8 a 80.3 a

MSD 0.6 3.2 3.7 1.6

Discussion

Regardless of the farmlet effects, the changes in ewe liveweight generally followed typical

cyclical trends over a year, with the maximum gains in late spring through summer and losses

from autumn through winter. The increased in weight loss through winter was partly in

response to low temperatures and is likely to have also been affected by low levels of green

herbage mass. The changes in weight were also associated with shearing of the fleece in late

winter and lambing in spring.

The low twinning rate of ewes in 2004 compared to 2003 appears to be related to the better
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seasonal conditions which enhanced high pasture supply in 2003; the 2003 spring and

summer pastures had a relatively higher growth rate, green herbage mass and digestibility

compared to 2004 and this was reflected not only with ewe liveweight, but also with the

higher marking weights of the 2003 weaner lambs. Differences in reproduction were

observed in spite of the 6 weeks of common nutrition of the ewes from all farmlets on the

peripheral area outside the farmlets over a 6 week period ofjoining each April-May. Thus, it

is clear that nutrition leading up to the common joining period was an important factor

affecting reproduction.

The hypothesis that higher soil fertility levels and the sowing of nutrient-responsive deep

rooted perennial pastures on farmlet A would promote higher animal performance both per

head and per hectare than the typical moderate-input system (farmlet B) was supported by the

findings of this study. However, the hypothesis that intensive rotational grazing through

resting of pastures would promote high animal performance compared to a flexible grazing

regime (farmlet B) was not confirmed by these results.

The higher lamb mortality that occurred in 2003, particularly on farmlet A, was however,

exceptional, probably a result of a number of factors including less feed, bad weather during

lambing and a particularly high twinning rate in farmlet A in that year. For instance, in 2003,

paddock A8 (9.8ha) was carrying 125 twin-bearing ewes and 7% of these ewes died with

extremely high lamb mortality (44%).

The low twinning rate of ewes on farmlets Band C reflects low liveweights which in tum is

associated with the low digestibility of the green herbage mass on those farmlets. The low

conception rates, birth weights, growth rates and high mortality rates observed in the Merino

sheep in this study have also been observed on natural pastures especially when associated

with poor nutrition (Lawlor and Hopkins 1981; Mpiti-Shakhane et al. 2002a).

The evidence of low per head animal performance, particularly under the intensive rotational

grazing regime (farmlet C) suggests that restricting the opportunity for selective grazing may

have had a negative impact on productivity. Over the years 2001-2004, per head animal

liveweight, growth rate of young stock, wool quantity and quality under this system

consistently lagged behind animals on farmlets A and B, where grazing periods were longer

and stock density lower. It is interesting to note that, following the reduction of the length of

the rest period, there was a significant increase in the growth rate of the 2004 weaner lambs

and a marked improvement in the quality of wool traits in 2004/5, possibly due to improved
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opportunities to increase their intake of quality feed.

On the other hand, the flexible grazing management regimes (farmlets A and B) promoted

higher animal performance both per head and, on farmlet A, per hectare, as the grazing

animals were given greater opportunity to select their diet. Whilst farmlet B experienced

similar grazing management to farmlet A, the stocking rate was kept relatively low compared

to A. The high per head animal performance, notably the liveweight of heifers, suggests that

this flexible grazing with a low stocking rate indeed gave the animals a greater opportunity of

selecting a high quality diet.

It is highly likely that the lower performance observed over the years in animals grazing

under high stocking density on farmlet C compared to A and B was due to reduced selection

and nutrient intake (Norton 1998). It is well documented that the decline in sheep

performance as grazing intensity increases is due to reduced diet quality and forage intake,

which are related to lower forage availability (Gibb and Teacher 1983; Hodgson 1990; Jones

and Sandland 1974). The decline in digestible dry matter observed during the lambing period

(see Chapter 5) may not only have markedly reduced intake energy of the lactating ewes, but

may have reduced energy intake below the maintenance level. Although feed shortages

during late pregnancy can have small effects on lamb birth weight, it is possible that maternal

body reserves may have been depleted, impairing their lactation (Nicol 1987) and resulting in

negative effects on the progeny over their lifetime (Thompson and Hynd 1998).

The fact that there were no significant differences in ewe liveweight or fleece weight in

response to farmlet treatments in the first year of the experiment (2000-2001), but large

differences later as the management differences resulted in system changes, substantiates the

claim that the initial planning of the farmlets created equivalent conditions between them. As

the treatment differences permitted increases in stocking rates from 2002 and beyond, marked

differences between the farmlets developed for fleece weight and wool quality. Compared to

the moderate-input systems (farmlet B and C), the high-input system (farmlet A) had a

consistent advantage in fleece weights per head as well as per hectare which probably reflects

a more consistent diet quality and quantity (Ayres et al. 2000a).

Wool characteristics did not vary greatly between farmlets and were all within acceptable

commercial ranges. For example, staple strength was greater than 40 N/ktex. Previous

studies have illustrated marked effects of grazing management on wool quality especially

staple strength and fibre micron (Friend and Robards 2005; Peterson et al. 1998). It appears
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that in the present study, contrasts were not great enough for such differences in wool traits to

be exhibited.

The results of the wool data for a period of four years (2002-2005) have, however, provided

clear indications that farmlet A was more productive and for each additional DSE/ha, wool

production of ewes grazing in this system decreased by half that of extra DSE under

moderate-input systems (farmlet B and C). On the other hand, the intensive rotational system

(farmlet C) proved to be inferior to the typical district grazing (farmlet B) on all wool

production parameters. This supports the previous results of grazing trials which have shown

that, in terms of animal production, continuous grazing is actually no worse than rotational

grazing (Norton 1998).

From an animal production point of view, Table 6.6 and Figure 6.8 suggest that the stocking

rate where kg wool ha- I was maximised over the four years was within the range employed on

the high-input system (farmlet A), but below the stocking rate used on the moderate-input

systems (farmlets B and C), particularly for farmlet C which had a target carrying capacity of

15 DSE ha- I (similar to A) but only maintained an average of 8.6 DSE/ha over a period of

four years.

When fitting the wool data to the Jones and Sandland (1974) model there is an iJnplication

that for the whole farmlet system, the economic and sustainability optima are likely to be at

stocking rates below the levels where kg wool ha- I is maximised. This suggests that the target

stocking rates set by the Cicerone Management Team may well have been above the

biological maximum, which in tum would be significantly above the economic optimum,

especially for farmlets Band C where the deep-rooted fertiliser-responsive perennials

declined substantially over a period of five years.

Generally, the above differences in growth rates, liveweight, stocking rates, wool production

and wool quality between the farmlets suggest that the effects not only were due to the

differences in grazing management regimes between the farmlets, but also to the changes in

the quality and quantity of green herbage on offer. Often, the green herbage mass across the

farmlets was below the benchmark for wethers (500 kg ha- I
) (Bell 2003) and, especially in

winter, below the benchmark for pregnant ewes which have increasing demands at this time.

Of course, young growing stock will respond to high quality feed throughout the year. The

low levels of green herbage mass across the farmlets tend to suggest that the stocking rates

across the three farmlets were set above the carrying capacity of their pastures, which limited
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not only the available green herbage mass but also the potential pasture growth rate.

Nevertheless, the overall higher animal performance on farmlet A, both per head and per

hectare compared to others farmlets (B and C), provides evidence that the pastures under this

high-input system had higher quality (green digestible leaf) to sustain animal production over

the years of the experimental study.

Animal production requirements need to be considered in the context of seasonal pasture

supply to allow regular assessment of the energy balance between supply and demand under

each grazing system (Chapman et al. 2003; Lodge et al. 2003b) and this process of energy

balance is addressed in the next chapter.
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Chapter 7: Process for Estimating the Balance between Pasture Supply and

Animal Demand

Introduction

The results presented in Chapters 4 and 5 confirm that the quantity and quality of the pasture

feed supply fluctuates greatly as seasonal and episodic climatic conditions change along with

changes in soil fertility, grazing management and stocking rate. In contrast, whilst animal

requirements vary with reproduction and growth, the feed demands of livestock remain

relatively stable and predictable throughout the year. Successful management systems

therefore require an ability to balance the relatively predictable demand of the grazing animals

with the unpredictable changes in seasonal herbage supply. Matching such conflicting needs,

particularly when comparing whole farmlet systems which vary in terms of grazing

management, soil fertility status and sowing of new pastures, has presented a challenge to

both management and researchers on the Cicerone farmlets.

This chapter therefore seeks to develop a process which may assist in integrating pasture and

animal production by presenting an analysis of each farmlet system's capacity to meet the

nutritional requirements of the different classes of grazing animals at the imposed stocking

rates. In essence, the process involved calculating the metabolisable energy (ME) demand of

all animal classes over time, using published equations and comparing that to the variable

supply of metabolisable energy from the growth of pasture and the supplement fed on each of

the three farmlets.

The aim of this Chapter was to compare the relative balance between pasture supply and

animal demand found for each of the farmlets over a period of approximately two years. This

involved the estimation, through calculations, of a partial energy balance between the supply

of energy in the form of pasture growth and supplements (without taking into account the

utilisation of the standing herbage mass, due to the inadequate measurement of intake) and the

demand for energy from all classes of livestock on each farmlet. This was intended as a

means of examining the relative grazing pressure that had been applied to each of the farmlets

over time.

Materials and methods

Measurements and ME calculations

The pasture measurements presented here were taken every month from autumn 2003 to
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autumn 2005 and involved data collection from all paddocks of each farmlet so that ME

calculations for the whole farmlet could be aggregated together (data presented in Chapters 4

and 5). An estimate of the partial ME available for animals (pasture growth and supplements)

was then compared with the sum of the calculated ME required by the animals which was

compiled from all records of the numbers and performance of each class of livestock

(presented in Chapter 6) using a series of equations which convert animal performance to ME

required.

Pasture supply

The measurements of total herbage mass, percentage green, dry matter digestibility of both

green and dead, pasture growth and supplementation were interpolated to weekly values in the

Cicerone database and then summed to provide estimates of the ME available in standing

herbage mass and as pasture growth and in supplements for each farmlet over tilne.

The data for digestible dry matter (DDM) of green and dead herbage mass were converted

into the total pasture ME available ha- I day-I by multiplying the dry matter of green/dead by

their respective energy values. The herbage metabolisability (MID value) (Freer et al. 1997)

of green and dead was calculated from the relationship between digestibility of both green and

dead using the equation (SCA 1990):

%=0.17*DMD%-2.0 (14)

Pasture growth rate (kg DM ha- I day-I) was derived from the use of exclosure cages which

prevented grazing for periods between 18 and 35 days on three representative paddocks of

each farmlet from winter 2003 to late summer 2005. The total pasture metabolisable energy

contained in the growth per hectare per day was calculated by multiplying pasture growth rate

(kg DM ha- I day-I) with the sampled MID value of green herbage mass.

Records of the amounts of supplement fed to animals grazing on each farmlet was also

incorporated into the calculations of total feed ME supply. The supplements were in the form

of hay, lupins, maize, mineral blocks and cottonseed meal which were designated to supply

9.2,13.3,14.1 and 10.9 MJ/kg DM respectively (from the Decision Support Tool, GrazFeed

(Freer et al. 1997)). The kg DM of each supplement fed was multiplied by the energy

concentration of that supplement and summed to calculate a total ME provided in

supplements. This was then divided by the area of each farmlet (50ha) and converted to ME

supplement per hectare per day. The total ME available as green and dead herbage mass are

provided separately to estimates of the ME contents of the pasture growth and supplements
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fed within each fannlet. This was due to the fact that measurements of intake were not

sufficiently comprehensive to allow estimates of the amount of total or green herbage mass

eaten on any particular day.

Animal demand

The framework for integrating animal demand was implemented using the equations

developed by Freer et al. (1997) in the Decision Support Tool, GrazFeed. These equations

were used within the livestock demand calculator spreadsheet 'ME_required' developed by

CSIRO (Freer 2006) which enables the calculation of the metabolisable energy (ME MJ head

I day-I) required by different types and classes of animals. These data were then converted

into MElha for each fannlet based on weekly interpolation of liveweight, growth rate, grazing

days and pregnancy status. The data supplied to the livestock demand calculator for the

different classes of sheep and cattle were extracted from the Cicerone database with a series

of complex queries allowing weekly interpolated estimates to be created for all supply and

demand criteria; these queries were written by a database programmer within the research

group, Colin Lord. Records of stock movements between all paddocks provided infonnation

on the number of animals and number of days spent on each paddock. The age of the

animals, pregnancy status and number of days since joining were also taken into account

when calculating the ME demand for lambing ewes. The animal numbers were extracted

from the Cicerone database in order to compute the total ME required by each class of animal

at different physiological stages (i.e. weaners and hoggets, mature dry ewes and wethers,

pregnant ewes, lactating ewes and lambs and cattle (heifers and steers). For each class of

animals, the estimated requirements were based on the following variables (Freer 2006):

(l) For heifers, steers, dry ewes, wethers and weaners, ME requirement = [[Proportion from herbage,
proportion of legume in herbage, MID of herbage diet (MJ/kg OM), MID of supplement (MJ/kg OM),
day of year, latitude, standard reference weight (kg), current shorn weight (kg), liveweight gain (g/d) and
age (days)]

(2) Pregnant ewes, ME requirement = [[Proportion from herbage, proportion of legume in herbage, MID
of herbage diet (MJ/kg OM), MID of supplement (MJ/kg OM), day of year, latitude, standard reference
weight (kg), current weight (kg), liveweight gain (g/d), age (days), days of gestation and number of
foetuses]

(3) Lactating ewes, ME requirement = [[Proportion from herbage, proportion of legume in herbage, MID
of herbage diet (MJ/kg OM), MID of supplement (MJ/kg OM), day of year, latitude, standard reference
weight (kg), current weight (kg), liveweight gain (g/d), age (days), day of lactation, number oflambs,
weight of each lamb (kg)l, mature weight of lamb (kg), weight gain by each lamb (g/d) and proportion of
lamb ME from milk2

]

In the calculations, a value of 5% (at the lower end of the recommended scale of 5-200/0) was

I Lamb weight assumed to commence at 5 kg (at birth) and subsequent growth at 120 g/day.
2 Proportion of lamb ME from milk assumed to be 1.0 up to 28 days of age and then to decline linearly to 0.0 at
110 days of age.

177



Chapter 7: Process for Estimating the Balance between Pasture Supply and Animal Demand

assigned for the additional energy cost of grazing across all fannlets as all of the Cicerone

fannlet paddocks were relatively flat.

Net ME balance

The net balance between pasture supply and animal demand was then assessed for each of the

three fannlet systems by deducting the ME required for all animal classes from the ME

supplied by the pasture as growth and as supplement. It was assumed, for the purposes of this

calculation, that livestock would have eaten all of the new growth and supplement (usually

large-seeded lupins). It is important to note that due to the limited number of measurements

of intake (both numbers of animals and frequency of measurements), estimates of intake were

considered inadequate to allow the utilisation of the standing herbage mass to be included in

the calculations of the net ME balance.

This provided an estimate of the partial surplusldeficit on each fannlet on a weekly basis

which, without accounting for intake from the herbage mass, was negative for most of the

period. The available herbage mass was not included in calculations of the ME supply as

there was insufficient evidence available to estimate intake from that herbage mass. Although

intake was measured within one paddock of each fannlet over three seasons, this was not

considered sufficient to extend the estimation of intake across all paddocks over the two year

period presented.

Results

Pasture supply

Details of the changes in pasture supply (herbage mass, pasture growth and pasture quality)

have been provided in Chapter 5.

Throughout the seasons, the MID value (and percentage digestibility, on which the MID value

is based) for both green and dead were significantly (p<O.OO 1) higher on fannlet A than on B

and C. On the other hand, the pastures on fannlet C demonstrated a significantly (p<O.OO 1)

higher average MID value across all paddocks than the pastures on B and these differences

were consistent over the two years. The 2003 spring demonstrated significantly higher MID

value than the 2004 spring. Over a period of two years, the average ME densities of the

pastures (averaged over green and dead cOlnponents) on fannlets A, Band C were 7.9, 5.7

and 6.2 MJ/kg DM, respectively.
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Supplement

The rationale to provide supplementation to each farmlet was addressed in Chapter 3 (General

Materials and Methods). In general, the aim was to ensure the maintenance of a minimum

condition score of 2 on all three farmlets. Compared to other years, less supplementation was

given in 2003 during the high demand period (from pregnancy through to lambing and

lactation). On the other hand, there was a dramatic increase in supplementation during the

high demand period in 2004 when higher supplement levels were given on farmlet A

compared to Band C. Generally the high supplementation that occurred in 2004 was

associated with low pasture growth rate and less available green herbage mass (Figure 7.3).

The ME densities (MJ/kg DM) of the supplements for cotton seed meal, hay, lupins, and

maize were 10.9, 9.2, 13.3, and 14.1, respectively.

Animal demand

Details of animal performance in response to the effect of farmlet treatments are provided in

Chapter 6.

Sheep

The results reported in Chapter 5 showed that, even though the differences were not

significant, the pasture supply on farmlets A and C tended to have higher levels of green

herbage mass than farmlet B. It has also been reported that both of these farmlets (A and C)

also had significantly higher digestibility and therefore higher energy density compared to

pastures under typical district grazing (farmlet B). Because of these differences, calculations

of the total ME demand required by the different classes of animals on farmlets A and C were

significantly lower for animals on those farmlets than on farmlet B; this was especially

marked for farmlet A animals (Figure 7.1).

Cattle

As the dominant animal type on the farmlets throughout the year was sheep, most of the

detailed measurements were taken on those animals. Nevertheless, the calculated estimated

ME demand required by the cattle on all three farmlets is shown within Figure 7.3 (g, h, i).

The differences mostly reflect the numbers of animals present on agistment, especially over

the spring to autumn period, as cattle liveweights were measured less frequently than sheep.
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Figure 7.1 The effect of the farmlet treatments on estimated diet intake (kg DM/headJday)
of the different classes of sheep over a two-year period from autumn 2003.

When combined with the stocking rate data, the estimated kg DM of intake per hectare

(calculated with equations contained within the 'explorer' spreadsheet tools) for all sheep

classes was significantly (P<0.002) higher on farmlet A than on the other farmlets; the

differences were most strongly marked between farmlets A and C as farmlet C sustained the

lowest stocking rate (Figure 7.2).

A o rrature-ev.es+v.ethers • pregnant-ev.es

o lactating-elNes+lambs .lNeaners+hoggets

B o rrature-elNes+lNethers • pregnant-ev.es

o lactating-elNes+lambs .lNeaners+hoggets

c 0 rrature-elNes+v.ethers • pregnant-elNes

o lactating-ev.es+lambs .v.eaners+hoggets

Figure 7.2 Estimated diet intake (kg DM/ha/day) of different classes of sheep on farmlets A,
Band C over a two-year period from autumn, 2003.
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The net ME balance

The ME requirement of different classes of animals was highest on farmlet A followed by B

and then C. While the energy requirement ofweaners, wethers and cattle increased

progressively with increase in liveweight, the energy requirement of ewes markedly increased

during pregnancy and lambing/lactation (spring-summer); this was the period when the

estimated partial balance became most negative. The estimated partial net energy balance

between pasture supply and animal demand on the three farmlets indicated that there were

regular periods when the higher energy requirements of all livestock classes were greater than

the capacity of the pasture to supply sufficient feed intake. It is notable that, in general, the

pattern and extent of the periods of feed deficit and surplus were similar across all three

farmlets, confirming that the grazing pressure was similar on all three farmlets. Nevertheless,

at times, the balance was somewhat more negative on farmlet A, reflecting that farmlet's

higher stocking rate and at times, higher rates of reproduction (Figure 7.3). In view of the fact

that ewes were often below 3 score condition (Figure 6.3), it could be argued that all three

farmlets were overstocked for much of the time.
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Figure 7.3 Estimated partial metabolisable energy balance per hectare showing the changes in herbage on offer (a, b, c), pasture growth and supplement (d, e, f),
animal demand (g, h, i) and net balance (pasture growth + supplement - demand) (j, k, 1) on farmlets A, Band C.
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Discussion

Pasture supply

The occurrence of a higher MID value in the spring and the lower value in autumn and winter

indicates not only the seasonal trend, but also the effects of grazing management and stocking

rate on subsequent pasture availability and digestibility (Nicol 1987). These trends indicate

higher pasture growth rate and availability of green herbage mass, which were related to both

higher dry matter digestibility and MID value in spring and summer. Conversely, the higher

residual, ungrazed herbage mass left after grazing in spring and summer, especially on

farmlets Band C, resulted in the accumulation of dead material and hence significant declines

in both digestibility and MID value of the pasture through autumn to winter (Hodgson 1990;

Nicol 1987). It is clear that, at times, the pastures were grazed below the PROGRAZE

benchmarks (Bell 2003) and hence this would have impacted considerably on animal

performance and caused large purchases of supplementary feed.

Animal demand

It is well documented that diet selection affects intake by influencing bite size (Hodgson

1990; Poppi et at. 1987) and this in tum is influenced by the relative quantity of pasture

available and its quality and accessibility (Bell 2003; Poppi et at. 1987). The pastures under

the high-input system were more digestible and had a higher MID value of both the pasture

on-offer and of the diet ingested, and hence the observed lower daily intake per head confirms

the higher quality of both green and dead herbage mass (Figure 5.3) (Nicol 1987).

On the other hand, the total dry matter intake per hectare of all animal classes grazing on

farmlet A was significantly higher compared to those grazing on farmlets Band C, due to the

higher stocking rates experienced on farmlet A. The lower intake of animals under intensive

rotational grazing (farmlet C) compared to those under flexible rotational grazing (farmlet B)

suggests that there was some restriction of diet selection which may have been brought about

by the high stock density resulting in competition for access to limited quantities of digestible

green leaf.

Partial net ME balance

The partial net ME balance between pasture supply (comprising growth and supplements) and

animal requirements was most negative across the three farmlets during dry periods of

summerlautumn when stock numbers and their demand were high due to young growing

183



Chapter 7: Process for Estimating the Balance between Pasture Supply and Animal Demand

animals. Obviously, the animals would also be consuming a considerable proportion of the

diet from the standing herbage mass. However, due to the limited measurements of animal

intake able to be conducted in this study, it was not feasible to calculate the proportion of the

standing herbage mass that was being ingested over time on each farmlet. The apparent feed

surplus observed on farmlet A and, to a lesser extent on farmlets Band C, during the high

demand period of September to November, 2004 can be attributed to the higher levels of

supplements fed to the animals over this period, especially on farmlet A.

There was substantial evidence of significantly higher dry matter digestibility of green and

dead, percentage green, energy content and digestibility of the pastures in the high-input

system (farmlet A) compared to farmlets B or C. In spite of this, and the determined effort

made to measure differences in pasture growth rate among farmlets, there were no significant

differences detected in growth rate between farmlets over the period reported here.

Farmlet A also received higher amounts of supplementation compared to farmlets Band C.

Whilst animals provided with supplements tend to substitute them for the pasture, the level of

substitution at low levels of herbage mass would have been relatively low. Nevertheless, the

substitution rate would have been somewhat higher on farmlet A with it higher quality

pastures (Freer et al. 1997).

In spite of there not being a significant detectable difference in growth rate, differences in

pasture supply were nevertheless confirmed on farmlet A as it had a significantly higher

content of deep-rooted sown pastures, higher levels of green herbage mass with higher dry

matter digestibility and hence energy content compared to farmlets Band C. These

differences in pasture supply between the farmlets suggest the influence of both input levels

(soil fertility status and sowing of new pastures) and grazing management (stocking rate and

grazing period).

These results have confirmed that balancing the nutrient needs of the animals with the forage

supply is a significant challenge because the quality and availability of different forages vary

throughout the year, while the nutrient requirements vary considerably between individual

animals at different times during their life cycle (Andrews 1997). In this case, the regular

assessments of supply and demand ME were only assembled 'after the fact' and hence could

not be used to influence grazing rules in a timely way. Ideally, these data could be processed

in a way that would permit the calculated balances to be used to influence stocking rate and

paddock movement decisions in 'real time' (J. Scott, pers. comm.).
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Regular monitoring of animal performance such as growth rates of lambs, liveweight gains

and fat scores of ewes allows an understanding of animal performance to be developed. In

addition, frequent and timely calculation of the metabolisable energy provided by the herbage

on offer, pasture growth and supplement could assist in regular assessments of the balance

between feed supply and animal demand. From regular calculations of the herbage

metabolizability (M/D) (M] ME/kg OM) and the required metabolisable energy (M]

ME/head/day) under different management practices of the Cicerone farmlets, any negative

trend of each system's match between supply and demand could be predicted in a timely way.

Further, with timely forage assessment, planned stock flow information and adequate

knowledge of seasonal influence, the amount of forage required to support livestock could be

calculated and compared to the amount and quality of forage available. Ideally, animal

numbers (stocking rate) and more importantly daily dry matter intake of animals should be

regulated to harvest the current year's forage production without damaging future pasture

growth and quality.

Seasonal changes in both forage quality and quantity greatly affect whether the nutrient

requirements of the livestock on a particular paddock are met. The digestibility of pastures

and the availability of dry matter largely determine the amount of energy the animal can

obtain from that forage. Often when spring growth is slow, diet quality may be adequate, but

shortages in forage supply will limit the total daily nutrient intake. It is also suggested that

adjusting the livestock production cycle (e.g. joining period) to best coincide with the

seasonal forage cycle will more effectively utilise the available resources for animal

performance while reducing the expenses of supplementary feeds (Andrews 1997; Morley

1981; Nicol 1987).

Consistent with previous studies (Arnold 1981; Clarke 2002) the results of this study suggest

that choice of management system, either flexible or intensive rotational grazing has a greater

influence on both pasture and animal production (notably animal performance) than

increasing fertiliser application or the sowing of new pasture species per se. For instance, the

lower performance (liveweight, fleece cut and wool quality) of animals grazing under

intensive rotational grazing (farmlet C) compared to flexible grazing systems (A and B)

indicates that under the grazing management rules operated by the Cicerone Project, farmlet C

did not perform as well as has been suggested in some of the literature on this topic

(McCosker 2000; Savory and Parsons 1980).
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Chapter 8: General Discussion and Conclusions

This thesis has investigated how management systems, varying in input levels and grazing

management, influenced changes in pasture components (pasture composition, herbage mass,

pasture growth rate and quality) and animal performance (liveweight, reproductive and wool

production). The study also examined the balance between pasture supply and animal

demand on the three-farmlet systems by estimating a partial balance between the

metabolisable energy (ME) provided by pasture growth and supplements compared to the ME

requirements of the animals.

It is important to note that the trial did not include a continuous grazing treatment. The

Cicerone Board chose as the control system (farmlet B, typical), one which employed

relatively long graze periods but with some rests allowed as this practice is thought to be more

typical than continuous grazing where the stock never leave a particular paddock, as has been

the case in some other grazing management studies (e.g. Earl and Jones (1996)). Thus, whilst

not providing a direct comparison with those studies which have used' continuous grazing' as

a control treatment, this study used as a control, a system judged by farmer members of the

Cicerone Project to be most relevant to them.

Because grazing enterprises are complex and involve many interacting factors, it is not

possible for this thesis alone to provide a complete answer to the problems associated with

optimising the level of inputs and grazing management. For example, an issue not dealt with

in this thesis, the effects of grazing management on parasite worm burdens was studied by a

research colleague, Alison Colvin (Healey et al. 2005). In her study, intensive rotational

grazing was found to be effective in significantly reducing the worm burden compared to

either of the flexible grazing systems (A or B). The economic impacts of farmlet

management under the Cicerone Project was assessed in terms of both cash flow and scale by

Scott (2006) whilst elements of economic and climatic risk were assessed through

bioeconomic modelling by (Behrendt et al. 2006).

This thesis reports on some of the key components of whole-farmlet systems encompassing

pastures (botanical composition, herbage mass, pasture growth and quality) and animal

production (liveweight, weight gain, stocking rate and stocking density, wool quantity and

quality) data. These will be discussed further below.
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Pasture supply

Botanical composition

This study has clearly shown that pasture botanical composition changes over time and is

influenced by variable climatic conditions, stocking rate, sowing of pastures and fertiliser

application and the pattern of grazing imposed by each farmlet's management regime. The

results confirm that, over the five-year experimental period, desirable fertiliser-responsive

perennial grasses declined under the high-input system (farmlet A), even though, with inputs,

it maintained a significantly higher content of these grasses than the moderate-input systems

(farmlet B and C). The decline in these grasses on farmlet A is likely to have been related to

the high stocking rates which were carried on this farmlet from 2002, hence imposing higher

grazing pressure on preferred species, especially on the two long-established paddocks (A7

and A8). It has been reported by Hill et al. (2005) that the abundance of the species present in

'high input' pastures which have been grazed for high utilisation was negatively correlated

with the relative growth rates of those species. Considering the high relative costs of inputs

incurred on farmlet A and the period of 5-8 years required to recover those costs (Vere et al.

1993), the question remains as to whether these pastures could be managed to last for periods

well beyond the 'break even' point (e.g. for decades) without requiring re-sowing.

Farmlets Band C on the other hand, were maintained at moderate levels of soil fertility with

respect to phosphorus and sulfur. Apart from the 'sown' species present at the

commencement of the trial, new perennial pastures were established on only 8% of each of

these two farmlets (in 2004); thus, this had only a relatively small impact on species

composition changes. Over the five-year period, the percentage of fertiliser-responsive

perennial grasses declined substantially on these farmlets, and especially so on farmlet B.

This corresponded with increases in native warm-season species such as Themeda australis

and Poa sieberiana as well as other non-productive species such as Cyperus spp.

The naturalised C4 species are reported to commonly have low herbage production in winter

and spring and also to be of low acceptability to grazing sheep (Garden et al. 20(5). The lack

of persistence of fertiliser-responsive perennials in these two systems could be an indication

of the impact of both soil fertility constraints and grazing management. Results from a large

scale field experiment conducted on a naturalised pasture in the Central Tablelands of NSW

showed that, compared to continuous grazing, tactical grazing was capable of maintaining

higher levels of perennial species (Dowling et al. 2006).
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Fertiliser-responsive perennial grasses combined with a persistent legume have been reported

to be important factors contributing to more sustainable systems (Scott et al. 2000c).

Generally, the content of legumes was low across the three farmlet systems throughout the

study period. Dowling et al. (2006) reported that, while the content of legumes was higher in

fertilised pastures and lower under tactically grazed pastures, legumes were nevertheless

found to be a minor component.

Legumes are known to provide higher pasture quality than grasses. Their absence not only

hinders pasture production, but also limits nitrogen inputs into the system and reduces intake

by grazing animals and thereby the production of protein products such as wool and meat

(Scott et al. 2000c). Despite the high stocking rate supported by the high input system, there

was an indication of increasing legume content, presumably due to the higher soil fertility as

well as the resowing of pastures on this farmlet (A). Increased legumes following

applications of phosphorus fertiliser have been reported by Hill, Simpson et al. (2004).

Botanical composition has been recognised as an important component of sustainability;

however, the lack of funding of grazing trials over sufficiently long periods has limited

understanding of the processes involved in such changes (Jones et al. 1995). In the study

reported here, large changes in botanical composition were observed in response to

management combined with the generally drier-than-normal conditions experienced over the

five years of study. Questions remain about what changes in botanical composition would

have occurred, had the seasons been more favourable.

Diet selection

There is an indication from the results of dietary selection that the flexible grazing

management practised on farmlets A and B allowed animals to express dietary selectivity,

which led to higher animal performance. It could be argued that the flexible grazing

management rules designed for farmlets A and B were based on the needs of the animal.

However, while this selectivity allowed animals to choose a high quality diet, it also resulted

in over-utilisation of the most productive species, allowing incursion of less desirable and less

productive species. In the case of farmlet B, it also resulted in more evidence of the negative

effects of patch grazing being observed with, for example, many more thistles becoming

apparent on this farmlet by 2006 compared to either of the other farmlets (A. Morrow, pers.

comm.).

Conversely, the decline in animal performance with increasing stocking density on farmlet C
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could be attributed to reduced diet selectivity and forage intake, which are related to lower

forage availability and possibly also to that fannlet having the lowest legume content.

Sanford et al. (2003) noted that legume content is associated with both increased production

and stability. The results suggest that the increased competition between animals observed in

this grazing system with its high stock densities, the effects of which were demonstrated by

the rapid decline of green herbage, reduced the ability of the animals to select high quality

forage. It may also have forced the animals to spend more energy on foraging activity that

might otherwise have been utilised for production. The findings also demonstrate that, under

the conditions of this study, intensive rotational grazing with its short graze and long rest

periods did not perfonn as well with respect to per head and per hectare production as might

be expected from the advocates of intensive grazing systems (McCosker 2000; Savory and

Parsons 1980). However, parasite control was in general superior under intensive rotational

grazing (fannlet C) compared to the flexibly grazed fannlets (A and B) (A. Colvin, pers.

comm.).

Pasture growth, herbage mass, quality

The measurement of pasture growth rate provided unexpected results, with the three systems

showing no significant differences between the paddocks selected as representative of each

system. It is possible that the failure to detect significant differences in growth may have

been due to the deliberate selection of paddocks that were representative of each fannlet's

variation; this could have resulted in a level of inherent variability within each fannlet that

was too great to allow for significant differences to be detected between fannlets.

The expectation was that through sowing of new pastures and fertiliser application, the high

input system (fannlet A) would have a high pasture growth rate compared to moderate-input

systems (fannlets B and C) (Dowling et al. 2006). In their study, Dowling et al. (2006)

indicated that even though net pasture growth rate varied with seasonal conditions, it was

higher under fertilised compared to unfertilised pastures. In this present study, it would seem

that fannlet A, with the high stocking rates imposed, commonly experienced lo\\' levels of

green herbage mass and hence had insufficient leaf area for regrowth, thus limiting the

accumulation of herbage (Fulkerson and Slack 1994). With successive defoliations,

photosynthetically active material, carbohydrate reserves and apical meristem tissue is

depleted (Cayley et al. 1980; Cayley et al. 1998; Curll 1977; Sanford et al. 2003).

In areas with irregular climatic conditions and recurring drought, adjusting stocking rates to
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the available feed becomes one of the most critical practices determining long-term pasture

health and longevity (Graham et al. 2003). Furthermore, grazing systems need to be designed

to allow replenishment of carbohydrate reserves by resting the pasture during a drought year,

or immediately following a drought year, in order to compensate for the previous low storage

of energy reserves (Fulkerson and Donaghy 2001).

While the total herbage mass and dead herbage mass were relatively low on farmlet A, this

farmlet maintained pastures with higher green herbage mass and quality, which consequently

resulted in higher animal performance, both per head and per hectare. On the other hand,

despite the higher total herbage mass under the moderate-input systems of farmlets Band C,

the greater amount of dead material and hence lower pasture quality under these two systems

is likely to have had adverse consequences on animal performance.

The results relating to pasture supply under the three different management systems,

especially when comparing farmlets A and B, suggest that the changes in botanical

composition, herbage mass and pasture quality were influenced greatly by the higher soil

fertility levels and the newly sown pastures on farmlet A. Although any differences in pasture

growth rate were not found be statistically significant, it is reasonable to conclude that there

must nevertheless have been subtle increases in growth rate on farmlet A as the higher

numbers of livestock supported and their high per head performance suggest. It appears that

the differences between grazing management systems (i.e. between farmlets B and C) were

much less pronounced. These conclusions are based on the fact that farmlets A and B had the

same grazing management strategy (flexible grazing), but different input levels and hence the

measured pasture components differed significantly between these two systems.

Animal performance

Farmlets Band C had the same levels of input, but differed in grazing management; yet, the

per head performance of grazing animals was significantly higher under the typical district

grazing (farmlet B) system than under intensive rotational grazing (farmlet C). This finding

does not support the proposition of Norton (1998) who suggested that when grazing occurred

on a larger scale than traditional grazing experiments, it may result in increased production

compared to a less intensive grazing system such as the typical district grazing practice

(farmlet B). It can therefore be argued that the Jones and Sandland (1974) model, which

shows that animal production per head decreases with increasing stocking rate while per

hectare animal production increases, still applies. In particular, the hypothesis put forward by
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Norton (1998), that intensive grazing systems may well lead to increased herbage production

when conducted as sufficient scale, was not supported by the results of this fam11et

experiment.

Over time, the stocking rates on both farmlets Band C were not able to be increased much

above the target level set for farmlet B (7.5 DSE/ha). Hence, animal production per hectare

was consistently lower in these systems compared to the high-input system (fannlet A) which

was able to support higher stock numbers. In addition, compared to the two moderate-input

systems, the animal production per head was also significantly higher under the high-input

system (farmlet A), especially when sown pastures were young. However, in view of the low

levels of green herbage mass and high levels of supplementary feeding, the stocking rate in

this system was probably too high; also, it is clear that the "flexible' grazing management

system, as practised on farmlets A and B, did not adhere closely to the stated aim of using

PROGRAZE principles, as the green herbage mass (across the three farmlets) was commonly

below the benchmark for pregnant/lambing ewes, especially during the lambing period.

Thus, questions remain whether, had the grazing management guidelines been n10re

rigorously applied, farmlets A and B might have performed better in terms of both pasture and

animal production. In addition, the results from farmlet A need to be seen in the context of

the Cicerone Board's decision to resow pastures on farmlet A at the uncommonly high rate of

200/0 of paddocks per year. The results have provided evidence that pasture improvement,

especially under a high input system, can reduce the slope of the linear relationship between

animal production (per head) and stocking rate, as noted by Norton (1998).

With hindsight, the newly sown and fertilised pastures under this high input system were

clearly put under greater pressure than would most new pastures on full-sized farms, where

resowing rates are likely to be less than 5% of the farm's area per annum. These questions

suggest that the study would have benefited had it continued longer in order to compare the

systems not only during favourable seasonal conditions but also over a longer time horizon to

see if the trends observed might have continued. It is worth noting that the potential for much

greater growth on farmlet A was observed (but not closely measured as it was beyond the

period of intensive data collection) during the much wetter spring in 2005, which resulted in

the realisation of an opportunity to harvest 160 bales of silage from just 4 ha of farmlet A.

At the 2005 symposium for Cicerone members, a producer (M. Oppenheimer, pers. comm.)

suggested that it would have been valuable had a fourth farmlet treatment been established,
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that would have allowed a combination of high-inputs together with intensive rotational

grazing to be investigated. No doubt such a treatment, had resources made it possible, would

have shed considerable light on the question of possible interactions between grazing

management and pasture inputs.

Consideration of the above results further reinforces that high levels of selection by grazing

animals for certain pasture species over others can eliminate the preferred species from the

pasture due to limiting its capacity to recover following high grazing pressure. This can

impact greatly on the long-term persistence of pasture species. Over the long-term, there is a

possibility that the loss of productive and desirable perennials would be reflected in reduced

animal performance; for instance, the growth rates per head of 2004 weaner lambs on farmlet

A were significantly lower than those on farmlet C.

It would be valuable to develop indicators of pasture degradation that could trigger actions

before the loss of valuable species goes so far as to require re-establishment. For example,

the results of this study showed that, especially on farmlet A, there were significant and

progressive increases in the readily recognised undesirable species, the short-lived perennial

Eleusine tristachya. It is proposed that such increases in a species that is easily recognised

due to its distinctive seed heads, may well provide graziers of a useful 'early warning' of

damage to a perennial pasture which may allow preventative action through tactical grazing

management to be imposed in time to retain the valuable species.

Farmlet B, which had similar grazing management to farmlet A, produced a per head animal

performance slightly lower than that of farmlet A, but greater than farmlet C. Despite the

relatively high per head animal performance, there was a marked decline in deep-rooted

fertiliser-responsive perennials, with a corresponding increase in content of less productive

native grasses (e.g. Themeda australis, Poa sieberiana and Cyperus spp.) suggesting that this

system of production is not sustainable over the long-term.

On the other hand, the poor performance (low growth rates of weaner lambs, low liveweights

of sheep and cattle and declining fleece production and quality) of animals on farmlet Cover

the years points to less than optimal management practices which are in contrast to the claims

made by the proponents of intensive rotational grazing systems. This was especially notable

in the period up to and including 2004, when the length of the grazing rests at times reached

200 days or more.

From 2004, in response to the clear evidence of lower weaner growth on farmlet C, the
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grazing management practices were reviewed by the Cicerone Board and shorter grazing rest

periods were implemented. Once the grazing rest periods were reduced, for the first time, this

system began to show improved animal production per head (growth weight of weaner lambs

and wool strength). However, the moist spring and summer of 2005 (data not presented)

resulted in a rapid increase in worm infestations (E. Hall, pers. comm.), perhaps indicating

that the rest period might have become too short for these warm, moist conditions.

Balancing pasture supply and animal demand

Generally, as suggested by Vizard and Foot (1993), if grazing systems are to be sustainable

over the long-term, a compromise has to be made between matching the conflicting needs of

soils, pastures, and animals in erratic and unpredictable climatic and economic environments.

Further, the long-term impact of graze and rest periods, choice of stocking rate and/or grazing

pressure on pastures and animal production within a complex ecosystem, need to be

considered in relation to parasite worm burdens and economic outcomes in order to optimise

the benefits from pasture improvement. As noted by Morley (1981), the effect of these

factors on sustainability and profitability is complex, and thus management decisions need to

take into account not only biological but also economic and social criteria.

There is clear evidence from this present study that animal demand often exceeded the pasture

supply as was shown by the marked negative partial energy balance across the three farmlets.

It has been reported that when the availability of green herbage mass is below a level of 550

kg green DM/ha, that there is a marked shift in intake from green to dead material with large

consequences for animal production (Hamilton et al. 1973).

Some decision support systems are available for monitoring and adjusting stocking rate

according to animal demand and seasonal pasture supply (Stuth and Lyons 1993; Walker and

Hodgkinson 2000). However, in spite of these tools, there is still a need for the development

of better rules to determine the most appropriate balance between supply and delnand (Mason

et al. 2003b). In particular, there is a knowledge gap in the literature on how to best optimise

grazing for both the pasture and animal using regular and timely assessment of the

metabolisable energy balance between supply and demand.

Regular and timely calculation of the net energy balance of each farmlet system may result in

more tactical responses in terms of stocking rate, paddock numbers and animal n10vement

between the paddocks. The fine-tuning of an energy balance within each management system

needs to be the subject of further research if more sustainable and profitable grazing systems

193



Chapter 8: General Discussion and Conclusions

are to be realised.

The results of this study have confinned that balancing the needs of different classes of

animals with seasonal pasture supply is complex and challenging. The process of ME

calculations between pasture supply and animal demand amongst the three fannlet systems

operated by the Cicerone Project has clearly demonstrated the great challenge of attaining and

maintaining sufficient data integrity over time (e.g. herbage mass and quality by paddock,

growth rate, supplement fed, correct records of movement of mobs between paddocks, animal

numbers and classes, animal age, liveweight change, reproductive status, etc.) to enable

accurate calculations of supply and demand components.

It is recommended that this approach of estimating the balance between the variable and

relatively unpredictable pasture supply and the predictable, but fluctuating animal demand, in

order to detennine the ME balance on a regular basis, be developed further to enable grazing

systems to evolve to a higher level of production whilst limiting pasture degradation.

The development of more sustainable grazing enterprises

It has been well documented that pasture degradation in the temperate grazing regions of

Australia is manifested primarily as a decline in the content of deep-rooted fertiliser

responsive perennial species with a concurrent reduction in the carrying capacity of pastures

(Archer et al. 1993; Michalk et al. 2003; Vere 1998). An array of management practices,

such as application of fertilisers (mainly phosphorus), sowing of perennials and grazing

management have been advocated by many research studies to achieve more sustainable

production (Fulkerson and Donaghy 2001; Graham et al. 2003; Mason et at. 2003b). Much of

the reported decline has no doubt been due to the effects of grazing animals; thus, grazing

management is widely recognised as a powerful means of manipulating the system (Michalk

et al. 2003; Morley 1981). However, as pointed out by Scott et al. (2000c) , the sustainability

of grazing enterprises depends largely on maintaining deep-rooted, fertilizer-responsive

perennial grasses which can benefit from a persistent legume component which provides

much of the needed nitrogen supply.

There is a continuing debate in the literature about the concept of developing grazing

management regimes to overcome the problem of the decline in the proportion of deep-rooted

perennial pastures (Archer et al. 1993; Mason et al. 2003b; Michalk et al. 2003). It has been

noted that grazing strategies may not sufficiently take into account the balance between

managing pastures and grazing animals for long-tenn sustainable production (Chapman et al.
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2003; Lodge et al. 2003c).

In south-west Victoria, measurements of sheep liveweight and/or herbage-on-offer have

commonly been used to compare different management systems (Chapman et at. 2003).

Other criteria include rotational length, leaf number per tiller, green herbage mass, stocking

rate, paddock numbers and size (Fulkerson and Donaghy 2001). However, grazing

enterprises are more complex than this.

Research scale and complexity

Compared to most previous research studies, the trial reported here was conducted at a

relatively large scale, being that called for by farmer members of the Cicerone Project. The

research involved a team of four postgraduates and many others assisting, all of whom were

affected by the management imposed by the producer-led Cicerone Board. While there is no

doubt that multi-disciplinary teams have great strengths, in practice it is common to observe

some compromises between the conflicting needs and objectives of researchers and producers

(Norton 1998; Thomson et al. 1995).

As pointed out by Kemp (1994), one of the major problems in assessing the validity of claims

made by proponents of intensive rotational grazing systems is the lack of data available.

Jones (1993) also has stated that there is little evidence to substantiate the claimed benefits of

cell grazing in terms of soil, pastures, and animals. As found in the initial survey of local

producers (Kaine and Doyle, unpublished report), there is also a lack of confidence in the

value of fertilizers and their effects on pasture persistence. For questions relating to

investments in pasture inputs and the adoption of grazing management strategies, it is

appropriate to attempt to find answers from whole farm investigations, due to the multiple

facets of the interactions involved.

In the case of the comparisons of the three Cicerone farmlets, a broad range of criteria has

been used in this thesis to compare farm let performance (botanical composition, pasture

supply, animal production and the balance between supply and demand). However, one of

the most important outcomes from this farming systems research is that there are other

components of these farmlet investigations (e.g. soils, animal health, labour, capital, income

and expenses, etc.) which were mostly outside the scope of this thesis that also need to be

understood in a whole-farm context. Thus, there is a need for more integration of results,

beyond those in this thesis, in order to develop more complete understanding of these

different systems of managing whole farmlets.
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While the Cicerone fannlet experiment has provided the opportunity to conduct research at a

complexity and scale that is of great interest to both livestock producers and researchers, it

must be acknowledged that some real problems were experienced by the researchers that

made it difficult to establish cause-and-effect relationships. In the future, some greater

recognition by producers of the technical requirements of conducting valid research would

assist greatly in producing outcomes that are more readily analysed and understood.

Nevertheless, it is vital that whole-of-fann complexity must not be ignored by future research

studies. It will however be important that funding be adequate to support the breadth and

detail required from such multi-disciplinary studies across sufficient scale. Ideally,

replication of fanning treatments would remove many of the problems associated with

analysing such experiments. In the absence of replication, novel ways of assessing treatment

effects against measures of inherent variability will need to be further explored using

advanced statistical methods.

Overall, the results of this study have provided evidence that the typical, flexible, moderate

input grazing system (fannlet B) is a simple approach that has benefits in tenns of per head

animal production, and some negatives such as declining perennial grasses, compared to the

intensive rotational grazing system studied here (fannlet C). Also, the flexible, high-input

grazing system (fannlet A) was found to support greater production per hectare than either of

the other systems without compromising per head animal perfonnance.

However, without integration with the animal health and economic components of the broader

Cicerone project, it is not feasible to conclude, based solely on this thesis, which system(s)

was/were overall 'better' than the others. Also, more investigation of the environmental

effects (e.g. deep drainage, nitrogen losses, erosion, etc.) as well as longer-term measurements

in order to see the effects of more favourable seasons would be required before one might be

confident of the relative long-term sustainability and profitability of these farm management

systems.
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Appendix 1. Pasture sowing and fertiliser records

Table 1.1 Summary of pasture treatments (fertilisers, sprays and sowing of pastures) applied to
Farm1ets A, Band C from 2000 to 2005.

Year Job Treatment Units A Total B Total C Total

2000 Fertiliser Granulock 15 kg 375 0 0

Superphosphate kg 750 375 625

Fertiliser Total kg 1125 375 625

Sow Australian phalaris kg 3.3 0 0

Direct Drill kg 3 0 0
Huia NZ White
clover kg 1.8 0 0

Lincoln Ryegrass kg 3.3 0 0

Porto Cocksfoot kg 1.8 0 0

Quantum fescue kg 27 0 0

USA red clover kg 3.3 0 0

Sow Total kg 43.5 0 0

Spray contract number 3 0 0

Round Up litres 9 0 0

2001 Fertiliser GreenGraze kg 125 0 0

Granulock 15 kg 125 0 0

Pasture 25 kg 1300 0 0

Pasture P kg 1600 0 0

Single Super kg 0 374 0

Superphosphate kg 0 0 935

Urea kg 300 0 0

Fertiliser Total kg 3450 374 935

Sow Conquest Ryegrass kg 10 0 0

Direct Drill kg 1 0 0

USA red clover kg 1.5 0 0

Haifa White clover kg 1 0 0

Sow Total kg 13.5 0 0

Spray contract number 2 0 0

Round Up litres 353.4 0 0

Round Up litres 1.8 0 0

Simagranz g 5400 0 0

Surpass litres 1.2 0 0

Lemma Iitres 400 0 0

2002 Fertiliser Pasture P kg 0 0 700

Granulock 15 kg 250 0 0

Pasture Plus kg 550 390 0

Pasture Special kg 400 240 240

SF 25 kg 0 113 0

Urea kg 50 0 0

Fertiliser Total kg 1250 743 940

Sow Australian phalaris kg 2.4 0 0

Darga1 Ryegrass kg 10 0 0

Direct Drill kg 2 0 0
Nusiral White
Clover kg 1.5 0 0

Quantum fescue kg 12 0 0

USA red clover kg 1.5 0 0
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Year Job Treatment Units A Total B Total C Total
Haifa white kg 1.5 0 0

Sow Total kg 30.9 0 0
Spray contract number 4 0 0

Fastac Duo litres 100 0 0
Kamba number 280 0 0

Roundup litres 7 0 0
Surpass number 2 0 0
Lemma htres 200 0 0

2003 Fertiliser Granulock 15 kg 200 0 0
GreenGraze kg 156 0 0
Urea kg 100 0 0

Fertiliser Total kg 456 0 0
Sow Direct Drill number 2 0 0

Holdfast Phalaris kg 5 0 0
Jesup fescue kg 24 0 0
Nusiral White
Clover kg 2.6 0 0

Sow Total kg 31.6 0 0
Spray contract number 3 1 1

Fastac Duo litres 200 0 0
Kamba htres 1260 0 0
Round Up litres 8.4 0 0
Roundup litres 350 350 350

2004 Fertiliser Gold Phos kg 0 0 324

Granulock 15 kg 125 125 125
GreenGraze kg 674 0 0
Single Super kg 0 150 0
Trifos kg 70 0 0
Triple Super kg 607.5 48.8 0

Fertiliser Total kg 1476.5 323.8 449
Sown Atlas PG phalaris kg 2.5 0 0

Aurora Lucerne kg 6 0 0
Australian phalaris kg 0 2.5 2.5
Direct Drill number 1 1 1
NZ clover kg 0 1.3 1.3
Puna Chicory kg 1 0 0
Quantum fescue kg 0 12 12

Sown Total kg 10.5 16.8 16.8

Spray contract number 2 2 2

Roundup litres 4 4 4

Surpass litres 1.2 2.4 2.4

Surpass litres 1.2 0 0
2005 Fertiliser Single Super kg 565 0 0

Trifos kg 122 0 0
Fertiliser Total kg 687 0 0
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Appendix 2. Statistical analyses of botanical composition data
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(g) Legumes (h) Broadleaf weeds and weedy grasses
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Figure 2.1 Histogram, box and quantile plots for the eight species groups. The plots show the
mean, standard error and the confidence intervals for the mean.

Exploration of normality plots show that plots (c) - (h) were not normally distributed.
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Table 2.1 The estimated log odds of species groups for fannlets A and C relative to B over years 2000 to 2005 tested as deviance using the 'Wald test' (p>W).

Species Farm Mar 00 Dec 00 Dec 01 Dec 02 Feb 03 Feb 04 Feb 05
Groups Est. Est. Est. Est. Est. Est. Est.

A
contrast effect p>W effect p>W effect p>W effect p>W effect p>W effect p>W effect p>W

A vs B 2.08 0.00 1.60 0.00 1.29 0.00 2.02 0.00 1.83 0.00 1.48 0.00 2.71 0.00

C vs B 0.69 0.13 0.68 0.07 0.75 0.15 1.26 0.03 0.93 0.07 1.26 0.01 1.53 0.04

HI Avs B -0.10 0.89 -0.06 0.83 0.16 0.46 -1.16 0.03 -0.42 0.46 1.09 0.00 0.25 0.40

C vs B -0.09 0.87 -0.32 0.34 -0.41 0.17 0.67 0.15 -0.37 0.31 0.43 0.32 0.40 0.24

IV Avs B -0.71 0.44 -3.30 0.00 -2.17 0.00 -2.83 0.00 -2.25 0.00 -2.07 0.00 -2.45 0.00

C vs B -0.19 0.70 -0.23 0.57 -0.07 0.88 -1.24 0.00 -0.29 0.44 0.08 0.83 -0.02 0.94

V A vs B -3.30 0.00 -3.91 0.00 -2.78 0.00 -0.71 0.05 -1.84 0.00 -1.29 0.00 -1.51 0.00

C vs B -0.41 0.23 -0.37 0.34 -0.42 0.31 -0.30 0.46 -0.79 0.05 -0.87 0.01 -0.73 0.01

VI Avs B -1.91 0.02 -0.22 0.83 -0.55 0.54 0.99 0.13 1.82 0.02 0.37 0.38 1.36 0.00

C vs B -0.05 0.94 0.01 0.99 -1.24 0.10 -0.56 0.43 -0.28 0.58 -1.38 0.01 -1.79 0.01

VH Avs B -3.33 0.00 -1.47 0.02 -0.05 0.93 2.66 0.02 1.40 0.10 1.30 0.00 1.30 0.01

C vs B 0.28 0.82 -1.13 0.84 0.46 0.39 2.72 0.00 0.65 0.22 -0.68 0.14 0.53 0.35

AGroup I (Fertiliser-responsive perennial grasses), Group HI (Native cool season perennial grasses), Group IV (Native wann season perennial grasses),
Group V (Yearlong green perennial grasses), Group VI (Wann season annual grasses), Group VH (Cool season annual grasses); Groups H (Legumes)
and VIH (Broadleafweeds) were excluded from the analysis as they had insignificant proportions over time.
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Table 2.2 The univariate F-tests of individual species among the functional groups which
responded significantly to the farmlet and time effects.

Group
A Source Species df Mean square F Sig. level

I Farmlet Fes 2 2414.8 14.2 0.000 ***
Farmlet Pha 2 2264.0 6.0 0.003 **
Farmlet Lolp 2 25.1 1.9 0.147
Farmlet Dac 2 0.0 0.6 0.572

Time Lolp 6 72.2 5.6 0.000 ***
Time Pha 6 1721.2 4.5 0.000 ***
Time Fes 6 463.1 2.7 0.015 **
Time Dac 6 0.0 0.1 0.996

IV Farmlet The 2 1991.98 21.59 0.000 ***
Farmlet Pasd 2 470.16 6.75 0.002 **
Farmlet C4 2 98.95 5.77 0.004 **
Farmlet Sor 2 22.68 4.30 0.015 **
Farmlet Bot 2 217.72 4.05 0.019 **
Farmlet Pan 2 6.34 1.91 0.152
Farmlet Spo 2 114.78 1.68 0.191
Farmlet Eul 2 0.14 1.60 0.206
Farmlet ChI 2 0.02 1.16 0.316
Farmlet Dey 2 0.01 0.79 0.456
Farmlet Pen 2 0.03 0.36 0.696
Farmlet Ari 2 0.00 0.28 0.758
Farmlet Pas 2 0.00 0.26 0.768
Farmlet Era 2 0.93 0.24 0.787
Farmlet Cyn 2 0.07 0.17 0.843
Farmlet Set 2 0.00
Farmlet Ele 2 144.44 29.85 0.000 ***

Time C4 6 98.79 5.76 0.000 ***
Time Bot 6 159.23 2.96 0.009 **
Time Era 6 6.66 1.73 0.118
Time Cyn 6 0.50 1.29 0.266
Time Eul 6 0.08 0.90 0.498
Time Pan 6 2.93 0.88 0.511
Time Spo 6 59.04 0.86 0.524
Time Pasd 6 59.89 0.86 0.526
Time Ari 6 0.01 0.73 0.624
Time The 6 51.49 0.56 0.763
Time Sor 6 2.86 0.54 0.776
Time Pen 6 0.04 0.45 0.846

Time Dey 6 0.00 0.39 0.885
Time ChI 6 0.00 0.24 0.963
Time Pas 6 0.00 0.13 0.992
Time Set 6 0.00
Time Ele 6 93.48 19.32 0.000 ***

V Farmlet Poa 2 2187.88 11.15 0.000 ***
Farmlet Mic 2 138.52 3.23 0.042 *
Farmlet Dan 2 0.35 0.19 0.827
Farmlet Sti 2 0.20 0.18 0.834

Time Mic 6 291.94 6.80 0.000 ***
Time Dan 6 12.07 6.55 0.000 ***
Time Sti 6 1.76 1.63 0.142
Time Poa 6 105.17 0.54 0.780

VI Farmlet Cyp 2 11.26 1.63 0.199
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Farmlet Dig 2 0.00
Farmlet Lolm 2 0.00

Time Cyp 6 8.92
Time Dig 6 0.00
Time Lolm 6 0.00

0.32

1.29
0.47

Appendices

0.726

0.264
0.831

AGroup I (Fertiliser-responsive perennial grasses), Group IV (Native warm
season perennial grasses), Group V (Yearlong green perennial grasses), Group
VI (Warm season annual grasses):

Groups II (Legumes), III (Native cool season perennial grasses), VII (Cool
season annual grasses) and VIII (Broadleaf weeds) were excluded from the
analysis as they had insignificant proportions over time.

Table 2.3 Correlation coefficients between discriminating variables of individual species
and standardised canonical discriminant functions.

Variables are ordered by the largest correlation within the function.

Function I Function 2
Correlation coefficients

Group I
Fes 0.76* -0.61
Lolp 0.33* -0.02
Pha 0.50 0.70*
Dac 0.07 0.47*
Group IV
the 0.85* 0.19
sor 0.30* 0.24
c4 0.29* -0.08
eul 0.23* -0.05
pan -0.19* 0.10
an 0.08* 0.04

pasd -0.14 0.59*
bot 0.05 0.54*
spo 0.07 0.36*
chI -0.14 0.22*
cyn -0.01 -0.21 *
dey -0.11 0.17*
pen 0.04 0.13*
pas -0.07 0.10*
era 0.01 0.01*
Ele 1.0* -0.2
Group V
poa 0.963* -0.15
mlC -0.036 0.98*
sti -0.128 0.15*
dan 0.080 0.15
Group VI
Cyp 0.0 0.9*
Dig 0.2 -0.4*

* Largest absolute correlation between each variable and any discriminant function

218



Appendices

Appendix 3. Alkane analysis

Table 3.1 Preliminary analysis of n-alkane concentration (mg/kg OM) in Tr(folium repens done in four repeats to set appropriate time to digest. lhr heating, 2
extractions, and 3 washes (lA-I C); Ihr heating, 3 extractions, and 3 washes (2A-2C); 3hrs heating, 2 extractions, and 3 washes (3A-3C); 3hrs heating,
3 extractions, and 3 washes (4A-4C).

Alkanes lA IB lC Mean StDev 2A 2B 2C Mean StDev 3A 3B 3C Mean StDev 4A 4B 4C Mean StDev

C24 2.1 3.7 3.0 2.9 0.8 1.8 1.7 1.9 1.8 0.1 17.9 2.1 4.1 8.0 8.6 2.2 4.3 3.9 3.5 1.1
C25 12.9 11.9 11.0 12.0 1.0 11.3 11.6 13.3 12.1 1.1 12.1 13.8 13.7 13.2 0.9 13.4 13.4 12.8 13.2 0.3
C26 4.2 3.6 3.5 3.8 0.4 3.7 3.2 3.7 3.6 0.3 3.4 4.8 6.0 4.7 1.3 4.2 4.2 4.4 4.3 0.1
cn 36.0 31.3 31.1 32.8 2.8 31.1 31.3 35.7 32.7 2.6 32.5 35.8 36.9 35.1 2.3 35.3 35.0 34.9 35.1 0.2
C28 9.5 7.9 8.3 8.6 0.8 8.2 7.7 8.7 8.2 0.5 8.1 9.7 11.4 9.7 1.6 9.0 9.3 9.6 9.3 0.3
C29 228.8 203.0 194.8 208.9 17.7 199.3 205.6 224.8 209.9 13.3 213.9 217.9 218.0 216.6 2.3 222.7 228.7 218.2 223.2 5.2
C30 19.7 18.7 27.5 21.9 4.8 19.2 19.0 20.2 19.5 0.7 19.6 21.1 30.3 23.7 5.8 20.3 21.4 20.5 20.7 0.6
C31 233.2 203.1 208.8 215.0 16.0 200.5 204.9 218.7 208.0 9.5 211.0 213.6 224.8 216.5 7.3 220.5 243.1 219.5 227.7 13.3
C32 9.4 9.9 9.3 9.5 0.4 9.1 9.9 9.5 9.5 0.4 9.3 10.8 10.3 10.1 0.7 9.8 10.7 9.7 10.1 0.5
C33 15.2 16.6 15.4 15.7 0.7 15.4 15.8 16.6 15.9 0.6 15.8 16.5 16.2 16.2 0.3 15.5 17.4 15.7 16.2 1.0
C34 99.7 99.9 100.1 99.9 0.2 99.9 100.1 99.9 100.0 0.1 100.3 99.7 99.9 100.0 0.3 99.9 99.9 100.1 100.0 0.1
C35 1.4 0.0 0.0 0.5 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total-
C34 572.5 509.7 512.6 499.6 510.5 553.1 543.7 546.1 571.6 552.9 587.4 549.4

Total 672.2 609.7 612.8 599.5 610.6 653.1 644.0 645.8 671.6 652.8 687.3 649.5
Means 631.5 621.1 653.8 663.2

St Devs 35.24 28.26 15.42 20.94
CV 5.58 4.55 2.36 3.16
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Table 3.2 Reported values for the recovery of naturally occurring n-alkanes in sheep faeces used to
correct faecal alkane values prior to estimating diet composition. Source: (Lee 2000)

Chain Length C25 C26 C27 C28 C29 C30 C31 C32 C33

Mayes and Lamb, 1984c 0.195 0.447 0.722 0.831 0.909

Mayes et al. 1986bc 0.713 0.745 0.820 0.854 0.889 0.891

Mayes et al. 1986a 0.45 0.608 0.744 0.817 0.816

Mayes et al. 1988c 0.594 0.697 0.779 0.859 0.839

Dove et at. 1989b

Experiment IC 0.630 0.699 0.765 0.761 0.877 0.841 0.872

Experiment 2 0.753 0.854 0.909 0.875 0.930 0.946 0.886

Experiment 3 0.766 0.825
C 0.790 0.860 0.875 0.900 0.880Casson et al. 1990

Vulich et al. 1991 b 0.93 0.91 0.96 0.93 0.88 0.88

Piasentier et al. 1995c 0.867 0.896 0.851

Mean 0.195 8 0.472A8 0.596 0.699 0.744 0.814 0.847 0.8778 0.874

A Estimated from a linear regression on chain length.

8 C25 , C26 and C32 were not used to estimate diet composition.

C Used to estimate mean recovery to correct faecal alkane values prior to estimating diet
composition.
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Table 3.3 shows the mean concentrations of alkanes in grasses, legumes and broadleaf weeds

at three sampling times in paddock A7. Generally, the alkane concentration of Festuca

arundinacea was higher in autumn than in summer and spring. The alkane concentration of

Holcus lanatus was significantly (p<O.02) higher in summer than in spring. While Taraxacum

officinale had a greater amount of C29 in summer, but sampling time did not have any

significant effect on the alkane concentrations in Rumex brownii and Hypochaeris radicata.

Alkane concentrations were not able to be determined for species that occurred in only one

sampling time (Eleusine tristachya, Lolium perenne and Paspalum dilatatum).

Comparing levels between species, the amount of C29 was significantly (p<O.O I) higher in

Festuca arundinacea, Holcus lanatus, Lolium perenne, Taraxacum officinale and Trifolium

repens than in Paspalum dilatatum, Phalaris aquatica, Hypochaeris radicata and Rumex

brownii. Concentrations of C31 and C33 were significantly (p<O.O I) higher in Festuca

arundinacea, Lolium perenne and Eleusine tristachya and the amount of C31 was also

relatively high in Holcus lanatus and Hypochaeris radicata compared to other grasses (Table

3.3).

Table 3.3 Concentrations of n-alkanes (mg/kg DM) in grasses, legumes and broadleaf weeds
during 2005 summer (February), autumn (April) and spring (October) in one
representative paddock of farmlet A (A7).

Waller-Duncan k-ratio t test of Minimum Significant Difference at p = 0.05.

Paddock A7 n-Alkane concentration (mg/kg DM)

Species Time C 24 C 25 C 26 Cn C2~ C 29 C 30 C 31 C32 C 33 C 35

Grasses
P. aquatica Feb-05 3.1 4.9 3.9 4.8 4.1 12.3 6.1 22.6 4.8 13.5 0.0

P. aquatica Apr-05 4.2 10.3 6.0 6.8 5.5 13.0 6.1 21.9 1.7 11.5 0.0
P. aquatica Oct-05 1.4 6.5 1.4 8.0 1.8 33.6 2.8 65.4 1.9 30.5 4.3
F.
arundinacea Feb-05 3.2 3.5 6.2 14.6 7.6 107.3 15.2 295.9 6.3 88.1 3.1
F.
arundinacea Apr-05 3.7 4.2 7.2 13.6 7.7 142.7 12.8 317.3 6.7 92.2 1.2
F.
arundinacea Oct-05 1.4 4.7 1.5 22.8 5.9 125.3 10.7 160.5 6.2 85.5 6.2
L. perenne Feb-05 3.0 5.5 5.9 19.9 8.3 130.0 19.2 250.5 10.4 138.6 11.0
H.lanatus Feb-05 2.8 33.0 4.2 46.5 5.7 98.0 6.1 106.4 2.9 35.2 0.0
H.lanatus Oct-05 2.4 16.4 3.2 31.5 5.2 52.1 6.3 43.1 1.7 11.2 0.0
P. dilatatum Feb-05 3.4 3.1 3.6 10.9 4.6 45.9 6.8 121.1 5.1 40.6 0.0
E. tristachya Feb-OS 6.8 19.3 9.1 54.6 8.5 102.9 19.2 524.6 18.1 144.3 8.7
Legumes
T. repens Feb-OS 3.8 5.6 7.0 16.7 6.9 94.7 13.2 138.8 7.8 29.3 0.0
T. repens Oct-OS 0.0 5.8 2.9 19.0 3.4 63.7 5.3 59.0 1.6 5.1 0.0
B.L. Weeds
R. brownii Feb-OS 3.5 2.4 3.9 5.0 3.9 15.2 5.4 36.8 2.7 4.4 0.0

R. brownii Apr-OS 5.9 3.3 7.4 11.7 7.6 24.4 7.7 21.5 4.5 8.0 0.0
R. brownii Oct-OS 0.0 0.0 1.3 9.4 1.2 42.8 2.6 56.2 0.0 0.0 0.0
T. otficinale Feb-OS 7.1 7.9 5.8 19.4 6.5 119.2 8.7 72.2 4.7 22.2 1.2
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T officinale Apr-OS 6.6 4.7 7.1 13.3 6.3 56.5 9.5 88.6 5.4 24.7 3.4
H. radicata Feb-OS 3.0 1.9 3.6 7.0 4.7 50.6 8.8 96.0 4.3 29.3 3.7

H. radicata Apr-OS 6.6 4.7 7.1 13.3 6.3 56.5 9.5 88.6 5.4 24.7 3.4
H. radicata Oct-OS 0.0 1.1 1.2 4.4 1.8 37.1 3.7 69.2 2.2 22.1 3.3

MSD 2.5 7.2 3.3 9.8 2.8 24.0 2.8 54.3 2.5 11.5 1.8

The alkane concentrations for Lolium perenne differed significantly (P<O.002) between the

two sampling times with a higher amount recorded in summer compared to spring. A similar

pattern in the occurrence of these alkanes was observed in Plantago lanceolata even though

the difference between two sampling times was not significant. Conversely, the concentration

of these alkanes in Microlaena stipoides was significantly (p<O.05) higher in spring than in

summer while for Bothriochloa macra and Paspalum dilatatum, these alkanes occurred in

greater amounts in autumn than in summer. C29 occurred in greater (p<O.O 1) amounts in

Plantago lanceolata, Festuca arundinacea and Lolium perenne compared to the rest of the

species that were present in this paddock. Similarly, the concentration of C31 was significantly

(p<O.OOI) higher in Plantago lanceolata, Festuca arundinacea and Lolium perenne and also

in other species such as Microlaena stipoides, Eleusine tristachya and Paspalum dilatatum.

The concentration of C33 was also significantly (p<O.O 1) higher in Lolium perenne,

Microlaena stipoides, Eleusine tristachya and Plantago lanceolata than in all other species

(Table 3.4).

Table 3.4 Concentrations of n-alkanes (mg/kg DM) in grasses, legumes and broadleaf weeds
during 2005 Summer (February), Autumn (April) and Spring (October) in one
representative paddock of farmlet B (Bl).

Waller-Duncan k-ratio t test of Minimum Significant Difference at p = 0.05.

Paddock Bl n-Alkane concentration (mg/kg DM)

Species Time C24 C25 C26 Cn C2X C29 C30 C31 C32 C33 C35

Grasses
p. aquatica Feb-OS 2.0 11.7 2.6 8.8 2.1 14.4 0.0 32.8 0.0 19.2 0.0

P. aquatica Apr-OS 4.9 8.9 7.8 5.9 6.1 8.4 5.1 15.3 4.0 10.5 0.0
P. aquatica Oct-OS 2.8 5.0 2.7 5.4 3.8 15.8 3.7 40.5 4.0 29.6 3.9

F. arundinacea Apr-OS 5.9 6.3 10.1 22.1 9.2 151.7 11.8 301.6 5.6 87.5 0.0

F. arundinacea Oct-OS 3.2 4.3 3.5 23.8 7.3 183.4 11.0 242.0 4.5 70.2 0.0
L. perenne Feb-OS 3.7 8.8 0 27.3 8.5 149.5 16.9 265.7 0 128.5 0

L. perenne Oct-OS 3.0 5.7 3.2 20.2 6.2 123.9 11.0 215.3 8.0 123.2 9.0

P. dilatatum Feb-OS 2.4 0.0 0.0 10.7 1.4 33.9 7.0 126.8 3.7 43.7 0.0

P. dilatatum Apr-OS 6.2 3.2 7.1 10.4 6.2 44.5 9.9 183.0 6.9 46.8 0.0

H.lanatus Feb-OS 5.5 38.5 7.8 55.4 0.0 80.0 0.0 51.9 0.0 19.8 0.0

H.lanatus Oct-OS 7.0 23.6 5.4 38.8 6.4 80.8 7.9 70.2 4.7 22.2 0.0

B. macra Feb-OS 3.1 7.7 2.2 19.6 6.7 96.9 12.9 195.0 5.1 118.7 10.4

B. macra Apr-OS 7.6 7.1 9.3 15.3 7.7 33.1 8.8 108.0 4.4 62.9 9.6

A.odoratum Feb-OS 6.9 14.3 5.3 58.0 8.5 115.6 10.1 108.7 4.3 81.1 25.2

M. stipoides Feb-OS 0.0 0.0 0.0 8.7 4.3 49.7 7.3 116.1 0.0 78.1 0.0

M stipoides Oct-OS 3.7 5.0 4.9 7.3 6.8 72.3 10.5 344.7 11.2 191.2 4.0

E. tristachya Feb-OS 5.6 25.3 7.3 44.3 6.4 82.0 13.9 445.8 13.8 117.9 8.4
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A.odoratum Feb-OS 4.1 8.9 5.2 48.8 9.3 96.5 10.9 105 7.2 72.4 19

Austrodanthonia Feb-OS 3.6 6.5 11.6 18.9 14.3 46.1 13.1 78.4 6.8 28 0
Legumes
T repens Feb-OS 5.5 8.9 7.5 21.9 6.9 95.6 11.3 137.3 7.4 29.6 0.0

B.L. Weeds
p. lanceolata Feb-OS 3.3 7.5 2.6 27.2 6.4 181.7 24.9 350.2 25.0 135.8 24.6
P. lanceolata Oct-OS 2.5 2.6 3.5 28.7 8.7 199.5 34.0 400.9 28.2 117.9 19.9
H. radicata Oct-OS 6.1 5.3 5.6 10.9 6.6 36.3 8.4 73.9 5.6 28.4 3.8

R. brownii Feb-OS 0 0 0 11.3 0 20.1 0 15.9 0 0 0
T officinale Oct-OS 4.3 5.1 3.1 13.5 5.5 45.5 5.9 26.2 2.5 8.5 1.8
MSD 6.8 5.2 4.3 8.4 4.2 47.0 5.4 95.7 5.3 47.0 5.9

The alkane concentrations recorded in paddock C 1 varied significantly between the numbered

alkanes, sampling times and pasture species. The amount of these alkanes in Festuca

arundinacea and Themeda australis were significantly (p<O.O 1) higher in autumn compared

to summer and spring.

While the concentrations of shorter alkanes (C24-C28) and some medium/long alkanes (C30,

C32 and C35) were relatively low and, in most cases, insignificant among pasture species, the

amount of C25 and Cn was significantly (p<O.O 1) higher in Anthoxanthum odoratum and

Avenafatua than in other species. Similar to paddock A7 and B1, the concentrations of C29

and C31 in paddock Cl were significantly (p<O.OOl) higher in Festuca arundinacea, Themeda

australis, Anthoxanthum odoratum and Plantago lanceolata compared to all other species.

C31 also occurred in greater amounts in Paspalum dilatatum and Festuca arundinacea.

Themeda australis and Plantago lanceolata contained greater amount of C33 than other

species (Table 3.5).

Table 3.5 Concentrations of n-alkanes (Ilg/g DM) in grasses, legumes and broadleafweeds during
2005 summer (February), autumn (April) and spring (October) in one representative
paddock offannlet C (C 1).

Waller-Duncan k-ratio t test of Minimum Significant Difference at p = 0.05.

Paddock Cl n-Alkane concentration (mg/kg DM)

Species Time C24 C25 C26 Cn C2g C29 C30 C31 C32 C33 C35

Grasses
P. aquatica Feb-OS 2.2 6.9 0.0 5.0 1.4 11.3 0.0 17.7 0.0 7.7 0.0
P. aquatica Oct-OS 1.9 5.0 2.0 2.9 2.6 4.3 1.7 8.3 1.7 5.9 0.0
F. arundinacea Feb-OS 3.7 3.8 2.9 13.7 6.2 75.4 12.3 233.5 0.0 70.6 0.0
F. arundinacea Apr-OS 6.4 8.0 9.6 19.2 10.0 227.7 16.0 442.9 7.6 114.0 0.0
F. arundinacea Oct-OS 3.7 7.6 4.7 24.6 8.1 190.3 12.3 277.8 5.3 49.1 0.0
T australis Feb-OS 2.4 2.0 2.9 5.6 3.2 25.5 6.4 117.8 6.0 123.4 24.0
T australis Apr-OS 10.7 12.4 14.2 97.5 12.3 182.1 10.2 244.9 8.4 142.8 15.5
T australis Oct-OS 3.9 5.6 4.2 19.3 5.7 75.6 11.5 206.0 10.6 94.9 11.5
P. dilatatum Feb-OS 1.8 2.1 0.0 14.3 4.4 45.0 6.2 130.5 0.0 43.9 0.0
P. dilatatum Apr-OS 5.1 3.8 6.0 12.4 7.1 47.5 10.0 169.0 6.5 38.1 0.0

A·fatua Oct-OS 10.8 110.9 11.1 122.1 10.8 92.7 11.1 103.8 2.1 45.7 1.9
H.lanatus Feb-OS 4.0 13.4 6.4 20.3 5.4 33.3 8.2 40.9 5.3 17.6 0.0
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H.lanatus Oct-OS 8.7 50.4 8.4 54.8 8.7 44.5 7.0 17.0 4.2 6.1 0.0
B. macra Apr-OS 4.3 5.1 6.6 12.0 7.7 30.3 8.7 90.5 5.8 75.1 16.1
A.odoratum Oct-OS 9.3 89.0 10.2 135.4 18.7 209.3 16.2 141.3 7.7 43.3 9.4
P. sieberiana Feb-OS 3.3 7.1 3.9 10.4 6.2 42.6 5.9 55.9 4.5 39.5 0.0
P. sieberiana Apr-OS 5.0 4.4 7.4 5.8 6.5 25.2 9.2 90.7 6.0 85.3 4.0
P. sieberiana Oct-OS 3.6 9.7 5.3 9.0 6.2 56.0 6.4 68.8 2.9 43.6 0.0
Legumes
T repens Oct-OS 3.6 6.8 5.1 16.6 6.1 64.0 9.7 56.3 6.9 6.0 0.0
B.L. Weeds
T officinale Feb-OS 3.3 4.8 3.8 16.8 7.4 122.3 27.1 306.3 28.6 113.4 21.1
P. lanceolata Oct-OS 1.6 0.0 1.9 17.5 7.5 129.4 30.4 313.3 27.6 114.0 21.3
H. radicata Feb-OS 3.4 4.3 3.4 5.1 2.9 19.2 5.2 49.8 2.5 24.2 3.9
H. radicata Oct-OS 3.2 2.4 2.8 3.6 4.7 19.0 7.2 66.7 1.5 17.8 1.5
MSD 5.8 11.6 4.0 26.3 3.2 54.5 2.9 50.2 3.7 16.4 3.7
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Figure 3.1 Two-dimensional principal component plot showing the contribution of the
alkane signatures of the pasture species to the first and second components at
(a) first sampling (February 2005), (b) second sampling (April 2005) and (c)

third sampling (October 2005).

The first letter of each species name refers to the paddocks A7, Bland C1.
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It is well documented that 950/0 of the variance in the pattern of odd-numbered alkanes is

explained by the first three principal components (Hameleers and Mayes 1998). Table 6.4

attributes the proportion of variance accounted for by the first three principal components in

the odd-numbered alkanes. There was a similar pattern in the variation of odd-numbered

alkanes explained by the first three principal components at each sampling time. C25-C27,

C29-C31 and C33-C35 were defined as short, medium and long chains, respectively. At all

the sampling times, component one explained the variance of medium/long chain carbon

(C31), while component two accounted for the variance of short/medium chain carbons (C27

and C29) and component three contributed to the variance of long chain carbon (C33) (Table

3.6).

Table 3.6 The variance in the pattern of odd-numbered alkanes explained by the first three
principal components.

Odd-numbered alkanes Component 1

C25 0.021
Cn 0.064
C29 0.225
C31 0.931
C33 0.275
C35 0.018

C25 0.003
C27 0.066
C29 0.461
C31 0.856
C33 0.224
C35 0.000

C25 -0.015
Cn 0.027
C29 0.374
C31 0.864
C33 0.327
C35 0.031

Component 2
Sampling time: Feb-OS

0.016
0.093
0.921

-0.298
0.221
0.040

Sampling time: Apr-OS
0.049
0.586
0.377

-0.399
0.574
0.135

Sampling time: Oct-OS
0.436
0.579
0.614

-0.186
-0.240
-0.006

Component 3

-0.099
-0.143
-0.271
-0.194
0.907
0.184

-0.044
-0.178
-0.646
0.177
0.709
0.115

0.482
0.413

-0.515
0.002
0.571
0.020

The proportion of variance of odd-numbered alkanes accounted for by the first three principal

components (Table 3.6) explains the separation/grouping of pasture species based on the

differences/similarities of their alkane signatures.

Figure 3.1 outlines the two-dimensional principal component plots relating the alkane

signatures in pasture species to the first two components. The third component is represented

by the number next to each species. Species such as Festuca arundinacea, Lolium perenne,

Plantago lanceolata, Eleusine tristachya, Anthoxanthum odoratum and Themeda australis
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were readily discriminated from those having lower amounts of C29, C31 and C33 such as

Bothriochloa macra, Phalaris aquatica, Holcus lanatus, Rumex brown ii, Hypochaeris

radicata and Taraxacum officinale.

Table 3.7 shows the mean values of the first three principal components in different species

during the summer sampling. There were more highly significant differences between pasture

species accounted for by the first and second principal components than by the third

component. Of the sown grasses, Festuca arundinacea and Lolium perenne were readily

separated from Phalaris aquatica and the mean values of Lolium perenne and Phalaris

aquatica were significantly (p<O.05) different in the first component. The introduced species

Holcus lanatus was also readily distinguishable from Phalaris aquatica. In the second and

third components, the difference among the sown grasses was not significant. These sown

grasses were however significantly (p<O.05) different from native grasses such as

Bothriochloa macra.

Among the naturalised grasses, Eleusine tristachya was significantly (p<O.05) different from

Microlaena stipoides, Themeda australis and Poa sieberiana while Austrodanthonia was

significantly (p<O.05) different from Eleusine tristachya.

Broadleaf weeds were also readily distinguishable. In both the first and second components,

Plantago lanceolata was significantly (p<O.O 1) different from other broadleaf weeds such as

Rumex brownii, Taraxacum officinale and Hypochaeris radicata. No significant differences

were observed between the various sown grasses, naturalised grasses or broadleaf weeds in

component three (Table 3.7).

Table 3.7 Mean values of the first three principal components in pasture species at first sampling
(Summer 2005. In brackets are the species codes used in Figure 3.1

Means with same letter within a column are not significantly different.

Species
Phalaris aquatica (aqu)
Festuca arundinacea (ela)
Lolium perenne (per)
Tr(folium repens (rep)
Themeda australis (aus)
Paspalum dilatatum (dil)
Holcus lanatus (Ian)
Bothriochloa macra (mac)
Anthoxanth. odoratum (odo)
Austrodanthonia spp (dan)
Poa sieberiana (sie)
Microlaena stipoides (sti)
Eleusine tristachya (tri)
Rumex brownii (bro)

Component I
-2.798e

0.657abcde

3.047ab

0.987abcde

_0.085bcde

-1.384ed

0.350abcde

_1.I13 cde

2.653abc

IA47abcd

-0.9 I7bcde

-1.652de

4.117a

-2.976e

Component 2
_0.130bcde

0.953abcd

0.835abcd

_1.226def

2.048ab

0.371 bcde

_2.153ef

1.853abc

-0.744bcdef

-2.947f

_0.927bcdef

IA06abcd

_0.565bcdef
_0.097bcdef
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Component 3
0.291 a

-0.379a

-0.086a

-0.934a

-0.775a

0.033a

1.906a

0.173a

OA88a

-2.16r
-0.335a

0.171 a

1.805a

0.039a



Taraxacum officinale (oft)

Plantago lanceolata (pia)
Hypochaeris radicata (rad)

MSD (Waller Duncan 0.05)

_0.S80bcde

4.231 3

_0.914bcde

4.0

-1.211 cdef

3.7333

-0. 136bcdef

3.07

-0.S083

-0.2433

-0.8123

4.9
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The alkane signatures between pasture species were distinguishable over time. In the first and

second components, the two sown grasses recorded at the second sampling period were

readily distinguishable i.e. the mean value of Phalaris aquatica differed significantly

(p<O.002) from that of Festuca arundinacea. Similarly, among other grasses, the mean

values of Poa sieberiana, Paspalum dilatatum and Bothriochloa macra were significantly

(p<O.003) distinguishable from that of Themeda australis. In the third component, the

differences among sown grasses and native/naturalised grasses were not significant. The two

broadleafweeds (Taraxacum officinale and Rumex brownii) did not differ significantly in any

component (Table 3.8).

Table 3.8 Mean values for the first three principal components in pasture species at second
sampling (Autumn 200S In brackets are the species codes used in Figure 3.1

Means with same letter within a column are not significantly different

Species

Phalaris aquatica (aqu)
Festuca arundinacea (e1a)
Themeda australis (aus)
Paspalum dilatatum (di1)
Poa sieberiana (sie)
Bothriochloa macra (mac)
Taraxacum officinale (off)
Rumex brownii (bro)

MSD (Waller Duncan 0.05)

Component 1 Component 2 Component 3

2.7983 -1.331 cd -1.462b

-2.69I b 2.0203 -1.001 3b

-6.487c -2.677d 0.14S3b

0.891 3 1.2773b 0.S993b

0.9SY 0.4S63bc 0.8993

0.27S3 -0.86Scd 1.0S63

1.0803 0.IS93bc 0.36rb

1.911 3 _0.139bc 0.20S 3b

2.71 2.05 2.13

Table 3.9 shows the comparisons of the pasture species based on the pattern of their alkane

concentrations for the first three principal components during the third sampling period. Both

in the first and third components, sown grasses (Festuca arundinacea and Loliuln perenne)

which contained greater amounts of C29 , C31 and C33 were readily separated fronl those with

lower amounts of these alkanes such as Phalaris aquatica and the mean values of these

perennial grasses differed significantly (p<O.O 1). In the second component, there were no

significant differences between the sown grasses.

The introduced grasses (Holcus lanatus and Avenafatua) were also readily distinguishable in

all the components and the mean values of these species differed significantly (p<O.05) from

those of the sown grasses. Other native and naturalised grasses (Microlaena stipoides,

Themeda australis, Poa sieberiana and Anthoxanthum odoratum) which were present during

the spring sampling time differed significantly (p<O.05) in the first and second components.
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In the third component, the mean values of these native grasses did not differ significantly

except for Microlaena stipoides which differed significantly from Themeda australis.

Similarly, among the broadleaf weeds Plantago lanceolata, which contained higher amounts

of C29, C31 and C33 , was readily separated from other broadleaf weeds which had lower levels

of these alkanes and their mean values were significantly different both in the first and second

components (Table 3.9).

Table 3.9 Mean values for the first three principal components in pasture species at third sampling
(Spring 200S). In brackets are the species codes used in Figure 3.1.

Means with same letter within a column are not significantly different.

Species
Phalaris aquatica (aqu)
Festuca arundinacea (ela)
Lolium perenne (per)
Holcus lanatus (lan)
Trifolium repens (rep)
Themeda australis (aus)
Avenafatua (fat)
Anthoxanth. odoratum (odo)
Poa sieberiana (sie)
Microlaena stipoides (sti)
Plantago lanceolata (pIa)
Taraxacum officinale (off)
Rumex brownii (bro)
Hypochaeris radicata (rad)
MSD (Waller Duncan 0.05)

30
20
10

0
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c 30
0 20
t5 10
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(/)
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20
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Component 1
-2.066ef

0.829cd

0.870c
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-0.962de

1.349c
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-0.484de

1.946ab

3.933a
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0.431 bcd

0.133 bcde
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0.421 ab

-1.869d

-0.701 bc

0.264ab

-0.016b
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-1.361 cd

1.146a
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Figure 3.2 Selection index expressed as the proportion of the component in the diet as a fraction
the proportion of the same component on offer in paddocks A7, Bl and Cl in summer,
autumn and spring 200S.

The alkane concentrations of odd-numbered carbon chains were higher than the

concentrations of even-numbered alkanes, a finding consistent with the results obtained in
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previous studies of temperate species (Dove and Mayes 1991; Dove et al. 1999; Valiente et

al. 2003). The higher concentrations ofC29, C31 and C33 in pasture species such as Festuca

arundinacea, Lolium perenne, Eleusine tristachya and Austrodanthonia spp and lower

concentrations of these alkanes in Phalaris aquatica indicates that greater differentiation of

species is possible compared to previous reports. The majority of these investigations have

reported marked differences in the concentrations of individual alkanes in temperate pasture

species with grasses (e.g. perennial ryegrass) and broadleaf weeds (e.g. Plantago lanceolata)

having relatively higher concentrations of C29, C31 and C33 than legumes (e.g. Trifolium

repens) (Chen et al. 1999; Dove 1992; Hameleers and Mayes 1998; Lee and Nolan 2003).
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Appendix 4. Calibrations of monthly assessments of herbage mass,

digestibility, green, clover and ground cover

The figures and table below provide an example of the data entry template and calculated

regression equations for estimates of herbage mass and digestibility (green and dead) for a

typical sampling (February 9, 2005).

Cicerone Farm Monthly Assessments of herbage mass, digestibility, green, clover and ground cover
_ions: fill in all cells with aDurDIe 6acl(ground.
Yellow cells are calculated automatically
Enter date 9/0212005
Range: (0-6000+) 552.5626308 4 (1·5) (0.100) (0.100) (0.100)
Example: 800 4.4 50 5 75
IPaddock IsEstkgDM reduMIKg a reCbreenUUM reaueaaUUM IsEstDlg IsEstGreen% redGreenDig IPredDeadDig lover"lo GroundCov'Yo

Al 3700 3803 1408.5 552.6 6~ 57.0 41.5 2 88
A2 1700 1421 373.7 328.9 4.2 45 58.5 42.t 0.3 95
A3 1800 1521 400.0 352.1 4.2 45 58.5 42.1 0.3 96
A4 1500 1226 286.0 291.0 3.8 42 55.5 40.9 0 94
AS 1700 1421 392.4 338.2 4.6 45 61.4 43.3 0 80
A6 2700 2512 710.4 606.2 4.8 45 62.8 43.9 0.1 80
A7 600 450 109.1 116.0 4.5 40 60.6 43.0 0.1 88
AS 1100 861 208.9 222.1 4.5 40 60.6 43.0 0.1 94
Bl 3900 4085 537.2 1035.2 2.2 30 43.8 36.2 0 99
B2 2200 1942 242.5 480.0 1.9 30 41.6 35.3 0 97
B3 4400 4825 549.9 1143.0 1.4 30 38.0 33.8 0.1 99
B4 2500 2278 269.6 549.0 1.6 30 39.4 344 0 95
B5 2700 2512 291.8 600.3 1.5 30 38.7 34.1 0 94
B6s 2800 2633 766.3 588.4 4.5 48 60.6 43.0 0.2 78
B7 3000 2879 397.5 747.3 2.5 30 46.0 37.1 0.1 97
B8 2100 1833 253.2 475.9 2.5 30 46.0 37.1 0.2 94
Cl 2200 1942 246.8 484.0 2 30 42.4 35.6 0.1 97
C2 2600 2394 335.8 589.4 2.2 32 43.8 36.2 0.1 97
C3 2400 2184 303.5 532.7 2.2 32 43.8 36.2 0.1 97
C4 3500 3529 495.0 8687 2.2 32 43.8 36.2 0 9S
C5 3600 3665 449.8 898.5 1.8 30 40.9 35.0 0.1 99
C6 3300 3263 434.8 783.6 1.9 32 41.6 35.3 0 96
C7 2500 2278 3395 614.9 3 30 49.7 38.6 0 9S
C8 2000 1727 257.4 466.2 3 30 497 38.6 0.2 96
C9 2100 1833 442.1 417.1 3.7 44 54.8 40.6 0.2 97
Cl0 2200 1942 466.1 441.7 3.7 44 54.8 40.6 0.2 97
Cll 2300 2052 483.5 475.1 3.7 43 54.8 40.6 0.1 9
C12 2200 1942 308.7 479.0 2.6 34 46.8 374 0.2 96
C13 3500 3529 765.0 781.6 3.1 43 50.4 38.9 0.2 97
C14 3600 3665 512.5 674.5 2 33 42.4 35.6 03 95
C1S 2100 1833 248.6 444.0 2 32 42.4 35.6 0.1 98
C16 2400 2164 344.0 567.4 3 32 49.7 38.6 0.1 96
C17 2400 2164 629.9 483.7 4.5 48 60.6 43.0 0.2 75

Figure 4.1. Example of data entry template (for February 9, 2005 sampling) showing data entry
fields (purple) and calculated fields based on the calibration equations from estimates of
herbage mass and digestibility (green and dead).

231



Appendices

15 data points I
Herbage Mass (OM) Window
Range (0-0000) (0-130)
VisEstA 2 CalVisEst kguM l,;ut kgOM poly Pred kgOM Lin Prea kgOM glframe

25uOOO :IOU 374 373 192 :>.!l\J

1000000 1000 754 775 767 11.90
4UUUUUU 2000 rll:l. 1727 1917 28.10
9000000 3000 2834 2879 3067 44.70

20250000 4500 4990 4979 4792 78.70

Linear LP_slope
LP_se_slope
LP r2
LP=F
LP ss regr

1.15006369
0.068499465
0.989469374
281.8833488
13623258.84

-383.4 LP_intercept
179.9 LP_se_intercept
219.8 LP_se3

3.0 LP_df
144988.3 LP ss resid

Polynomial
(quadratic)

PP_slope
PP_se_slope
PP_r2
PP F
PP-ss regr

0.65367
0.07141
0.99960

2514.44723
13762773.62391

0.000100
0.000014

52.3
2.0

5473.5

21.6 PP_intercept
71.07389074 PP_se_intercept

#N/A PP_se3
#N/A PP df
#N/A PP- ss resid

OM Calibrations y = 1E-ll4x" + 0.6537x + 21.622

R' =0.9996

6000

~ 4000 +--+--+---t--t--+---+--::±.....~F=--+-
:; 2000 +--+---+---+--=.....--F==---f---+---il---+-o

500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Est kg/h.

Figure 4.2. Example of typical calibration equation template for calculating estimates of total dry
matter from visual estimates (for February 9, 2005 sampling) of herbage mass.

Data are entered into purple cells and results calculated in yellow cells.

(b)

-
--'- I

I

- - I

15 data points

Dead Digestibility Window

Oscore Odigest Opred digest
1 32.6 32.7
2 35.2 35.6
3 39.9 38.6
4 40.3 41.5
5 44.8 44.5

y =2 95x + 29 71
R' = 0 9608

29 71 D_,ntercept
1 140423898 D_se_lntercept
1.087351522D_se3

3D df
3.547 0-ss resid

295
0.343850743
0.960837787
7360445447

87.025

D_slope
D_se_slope
D_r2
o F
D-ss regr

dead digestibility

500

400

300

200

100

00
o

Linear

(a)

15 data points

Green Digestibility Window

Gscore Gdigest Gpred digest
1 35.9 35.1
2 43.1 42.4
3 46.5 49.7
4 57.8 57.0
5 65.1 64.3

Linear G_slope 7.31 27.75 G_inlercept
G_se_slope 0.649281654 2.153423631 G_se_inlercept
G r2 0.97687968 2.053208871 G_se3
G=F 126.7559896 3 G_df
G ss regr 534.361 12.647 G ss resld

green digestibility

y = 7.31x + 27.75

R' =0.9769
80.0 ~

60.0 .....
.... --r- I
'" 40.0 ~ I'C

20.0 - I---
I i0.0

0 1 2 3 4 5 6

digest. score

Figure 4.3. Example of typical calibration equations (for February 9, 2005 sampling) from 5 samples
of (a) green and (b) dead assessed both with a visual score (1-5) and measured for
digestibility using NIRS.

Data are entered into purple cells and results calculated in yellow cells.
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Table 4.1. Summary of R2 values for linear and quadratic fitting of equations to calibration data
for monthly assessments of herbage mass and digestibility (green and dead).

SampleDate Herbage mass Digestibility
Green Dead

06-Mar-03
03-Apr-03
03-May-03
ll-lun-03
10-lul-03

l2-Aug-03
ll-Sep-03
13-0ct-03
10-Nov-03
l2-Dec-03
l4-lan-04
12-Feb-04
19-Mar-04
16-Apr-04
l4-May-04
09-lun-04
13-lul-04
l3-Aug-04
l4-Sep-04
15-0ct-04
ll-Nov-04
l3-Dec-04
10-lan-05
09-Feb-05
08-Mar-05
l2-Apr-05
09-May-05
15-lun-05
18-lul-05
l5-Aug-05
l4-Sep-05
ll-0ct-05
14-Nov-05
l2-Dec-05

Minimum
Mean

Stand. deviation

(Linear)
0.980
0.923
0.979
0.933
0.921
0.998
0.991
0.961
0.989
0.985
0.976
0.954
0.984
0.979
0.980
0.995
0.994
0.986
0.975
0.981
0.951
0.950
0.980
0.989
0.966
0.971
0.976
0.989
0.984
0.990
0.997
0.966
0.983
0.993
0.921
0.975
0.020

(Quadratic)
0.992
0.960
0.989
0.994
1.000
0.999
0.995
0.984
0.991
0.989
0.992
0.997
0.985
0.989
0.993
0.996
0.996
0.990
0.975
0.997
0.957
0.987
0.980
1.000
0.991
0.975
0.978
0.991
0.990
0.997
0.999
0.966
0.991
0.993

0.957
0.988
0.011
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(Linear) (Linear)
0.983 0.934
0.991 0.841
0.755 0.333
0.923 0.891
0.850 0.988
0.682 0.917
0.932 0.999
0.948 0.883
0.937 0.628
0.994 0.914
0.962 0.863
0.968 0.785
0.920 0.841
0.991 0.841
0.958 0.936
0.984 0.866
0.966 0.899
0.956 0.601
0.934 0.915
0.930 0.716
0.956 0.987
0.990 0.951
0.933 0.860
0.977 0.961
0.880 0.886
0.939 0.759
0.988 0.928
0.769 0.880
0.843 0.895
0.844 0.893
0.926 0.913
0.975 0.889
0.903 0.943
0.954 0.969

0.682 0.333
0.925 0.862
0.073 0.130
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Appendix 5. Pasture supply

Table 5.1 Analysis of variance showing the F-value tests and probability differences for the factors
with their interaction effects on pasture growth rate.

Source of
variation DF SumSq Mean Sq F value P>F
Farm 2 2560 1280 3.53 0.02982 *
Paddock 2 2903 1452 4.01 0.01866 *
Cage 1 2085 2085 5.76 0.01673 *
Cage Position 2 261 130 0.36 0.69792
Month 19 107397 5652 15.6 0.00001 ***
Phosphorus 1 5021 5021 13.86 0.00021 ***
Sulfur 1 2488 2488 6.87 0.00899 **
Farm:Padd 4 7259 1815 5.01 0.00056 ***
Padd:Cage 2 536 268 0.74 0.47766
Farm:Month 37 28703 776 2.14 0.00014 ***
Farm:Phos 2 280 140 0.39 0.67996
Farm:Sulf 1 164 164 0.45 0.50106
Residuals 620 224616 362

Table 5.2 The average means of total, green and dead herbage (kg DM ha-l on farmlets A, Band
C over two years (visually estimated data from all the paddocks).
MSD stands for Minimum Significant Difference tested using Waller-Duncan k-ratio t
test at p = 0.05

Total herbage Green herbage Dead herbage
A B C MSD A B C MSD A B C MSD

Mar-03 324 617 584 152 219 351 373 124 106 266 211 81
Apr-03 822 1453 1406 611 713 952 1073 428 108 502 333 213

May-03 1409 1976 2060 940 1275 1436 1620 801 134 540 439 226
Jun-03 801 984 966 306 665 683 706 230 137 301 260 109
Jul-03 623 883 1075 336 392 384 528 213 232 498 547 143

Aug-03 1025 1382 1297 457 459 342 372 150 566 1040 925 291
Sep-03 612 1111 1246 427 352 291 372 165 260 820 874 303
Oct-03 1153 1595 1650 419 936 984 1053 356 217 612 597 151
Nov-03 1820 2037 2175 400 1366 1195 1295 321 455 842 880 223
Dec-03 1702 1990 2190 460 1258 1095 1257 448 444 896 933 246
Jan-04 1723 2020 2298 500 1169 1029 1230 435 554 991 1068 191
Feb-04 2891 3126 3236 901 1802 1568 1638 798 1090 1558 1598 363
Mar-04 3164 4341 3808 1448 1734 1908 1692 764 1430 2433 2115 718
Apr-04 2669 3786 3466 947 1221 1303 1252 424 1448 2483 2214 558

May-04 1787 2483 2241 559 563 484 489 142 1224 1999 1752 452
Jun-04 1997 2959 2668 976 476 441 419 240 1521 2518 2249 762
Jul-04 1654 2326 2037 502 453 426 389 178 1201 1899 1648 354

Aug-04 1606 2228 2135 520 438 375 403 198 1168 1852 1732 367
Sep-04 1416 1960 2046 938 621 496 611 378 795 1464 1435 586
Oct-04 1976 2622 2748 910 847 796 899 304 1130 1826 1849 720

Nov-04 1951 2532 .2308 390 1250 971 909 418 701 1561 1399 568
Dec-04 2596 3443 3261 440 1430 1294 1231 417 1165 2149 2031 534
Jan-05 2386 3388 3108 723 1378 1437 1357 651 1009 1951 1752 415
Feb-05 1652 2873 2476 952 826 921 868 547 826 1952 1607 568
Mar-05 1994 3602 3402 703 785 1085 1069 309 1210 2517 2333 469
Apr-05 1223 2434 2425 460 461 650 735 225 761 1783 1690 348
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Appendix 6. Animal performance

Table 6.1 The mean liveweight (kg head-I) and fat score for the ewes on three farmlets from 2003
2005.

Means followed by the same letter within each column are not significantly different
(Waller-Duncan k-ratio t test of Minimum Significant Difference at p = 0.05).

2003 2004 2005
Prelamb Wean Join Prelamb Wean Join Prelamb Wean

56.9a 50.2a 52.3a 44.9a 44.7ab 47.2a 41.7a 43.5b
53.4b 47.8b 50.8b 45.0a 46.0a 43.5b 40.0b 45.4a
50.5c 46.3c 47.4c 42.7b 44.0b 44.0b 38.4c 41.9c
1.2 1.2 1.1 1.0 1.4 1.0 1.1 1.0

Weight
A
B
C

MSD
Score

A
B
C

MSD

Join
50.0a
47.9b
41.7c
1.0

3.2a
3.2a
2.7b
0.1

3.1a
3.2a
2.6b
0.1

2.5a
2.6a
2.5a
0.2

3.1a
3.0a
2.8b
0.1

2.la
2.3a
2.1b
0.1

2.la
2.1a
2.1b
0.2

3.2a
2.7c
3.1b
0.1

2.9a
2.lc
2.5b
0.1

2.7a
2.7a
2.5b
0.1

Table 6.2 Pregnancy scan (%) for empty, single and twin bearing ewes during their pregnancy in
years 2003-2005 on farmlets A, Band C.

Means followed by the same letter within each column are not significantly different
(Waller-Duncan k-ratio t test of Minimum Significant Difference at p = 0.05).

Farm
A
B
C

MSD

Empty
7.2a
6.0a
6.9a
10.3

60

"'0
ctI
a> 50=E
0>
6
1: 400>
'0)
~
a>
.~ 30
L-

a>
£
Q)
S 20

2003 2004 2005
Single Twins Empty Single Twins Empty Single Twins
50.9a 41.8a 5.2a 73.7a 21.1a 7.7a 71.0a 21.4a
66.5a 27.5a 5.0a 79.8a 15.2a 16.2a 77.la 6.7b
75.1a 17.9a 4.0a 81.2a 14.8a 15.8a 74.3a 9.9ab
27.2 30.3 4.6 20.0 18.5 26.7 22.5 14.6

Farniet A
Farniet B
Farniet C

••
+

Figure 6.1. Fitted B-spline curves for the average wether liveweight (kg head-I) from marking
(November 2001) to March 2004 on farmlets A, Band C.
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