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Chapter 3
A Comparison of Measured Feed On Offer in Three Pastures
Varying in Perennial Grass; Content with Predicted Values from

the CirassGro Model

3.1 Introduction

Managers of pastoral grazing systeias have always had to cope with the effects of
environmental and biological variatior: can have on the achievement of their gaols. This
variation has shaped farming practices as managers develop strategies to cope with this
inherent variation. For example, a ommon method of coping with variability in the
growth of animals for slaughter is to have a flexible slaughtering date. Other strategies
may involve changing of stocking rates, feeding supplements, matching animal breeding to

pasture production or altering the mix of livestock classes on a farm.

Traditional methods of managing variability in pasture production systems may not be
sufficient to enable graziers to meet new competitive market requirements. The market
increasingly demands that products b: produced to specification with constraints on the
time of supply. These contrast with commcdity production systems where animals are
supplied according to the vagaries o " the season and seasonal differences. Developing
farm grazing systems to meet the dem ands of quality production requires a description of
feed budgeting, and assurance of quality, over time. Feed planning and time-controlled
grazing have been shown by Lile and George (1993) in California, USA to enhance
profitability of livestock operations, hrough the efficient utilisation of available forage
resources. Milligan et al. (1987) showed how feed budgeting was essential to meet the
production targets by matching the fcrage demand of livestock to pasture supply. Feed

budgeting requires an estimation of the daily growth rate (DGR) of the specific pasture.

In California, USA (Lile and Georgz, 1993), monthly estimates of DGRs for several
locations are made available from the Agroncmy and Range Science Dept., University of

California. For the temperate pasture; of the Northern Tablelands of NSW, this has been



reported by various organisations, such as the University of New England (UNE)
(Lazenby and Swain, 1973) and NSW Agriculture (McDonald, 1995). These average
DGRs are a good starting point for forage budgeting, but are likely to require
modification for a particular farm to account for local variations in climate, soil fertility,
and time to time monitoring in varia.ion due to year-to-year climatic variability. Apart
from weather, daily growth rate will i Iso vary between years due to variations in herbage
mass (HM). Likewise, Radcliffe and 3aars (1987) reported a strong relationship between
soil temperature and the growth of ¢ perennial ryegrass (Lolium perenne L.) and white
clover (Trifolium repens L.) pasture (r* = 0.75 in spring and r* = 0.70 in autumn).
Brougham (1959) reported seasonal changes in growth rate were correlated with seasonal
differences in solar irradiance (r* = ).98), maximum air temperatures (r* = 0.73), and
minimum air temperature (* = 0.61). Brougham (1956) showed an increasing growth rate
as the height, leaf area, and therefore light interception of the sward increased. Lamaire
and Salette (1982), however found v:riations of spring growth of tall fescue were related
only to temperature and not to solar irradiance. When HM is extremely low (<1120 kg

DM ha) or high (>2800 kg DM ha') DGR is usually depressed (Korte et al. 1987).

The collective views of different workers about the factors affecting DGR compiled by
McDonald (1995) for the temperate | astures of the Northern Tablelands are climate, soil
type, grazing management and soil fertility/fertiliser use. DGR predicted from the
“Growest” model (Nix, 1981), (a siniple growth model using soil moisture, temperature
and light) and from long-term observations by experienced workers showed a wide range
of variations across the seasons and pasture types (McDonald, 1995). However, during
the winter months, only fescue, white and sub-clover, and phalaris, white and sub-clover

based pastures were found to be prodt ctive.

The objectives of this study were to (i) measure the available herbage mass (HM) at day,
and day, from grazed and ungrazed ra nfed pastures, (ii) determine the daily change in feed
on offer (A FOO) from the three pasture types over time and, finally, (iii) compare them

with the GrassGro model predictions.
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3.2 Materials and Methods

3.2.1 Site Description

The experimental site was locatec at “Chiswick”, the CSIRO Pastoral Research
Laboratory near Armidale on the Nor hern Tablelands of New South Wales, (lat. 30°31'S;
long. 151°33'S; altitude 1046m). The Armidale region has a cool temperate climate and
the mean annual rainfall is 795 mm with a 60% summer and 40% winter incidence (Lovett,
1973). The soil type where the experiment was located was a gleyed podzolic (Saumarez
series) formed from Paleozoic and laterized Tertiary sediments with some basaltic colluvia,
and has been described by Schafer (1980). The soil is a duplex with a fine sandy loam
surface texture and a pH of 6.0 (0-110 mm). A detailed description of the soil type is
given in Appendix 2.

The area had been sown with a mixtur : of Phalaris aquatica and Trifolium repens in 1958
and lightly grazed for five years wit1 an annual autumn application of 250 Kg ha of
superphosphate. In addition to the superphosphate, an annual application of 125 kg of
potassium chloride was applied from 1963. Sixteen rectangular sites of 0.405 ha were
established in 1963 and stocked frori 1963 to 1980 with O, 10, 20, and 30 sheep per
hectare (i.e. four replicates for each trcatment). From 1980 until 1992, the higher stocking
rates were reduced from 20 and 30 ds: ha” to 15 and 20 dse ha repectively due to animal

welfare considerations.

The botanical composition of the pasture has dynamically changed over the past 28 years
as a function of grazing intensity (Hutchinson and King, 1993). The zero stocking rate (0
dse ha) is almost entirely dominated by Phalaris. At the low stocking rate (10 dse ha™),
the phalaris remained relatively stable with a ratio of perennial to annual of about 3:1 and
satisfactory recovery (resilience) after severe drought in 1965. The medium stocking rate
(15 dse ha) has a ratio of perennial ‘o annual grass of about 1:1, and high stocking rate
(20 dse ha) phalaris has been entirel / replaczd by annual grass species. Hutchinson and
King (1993) reached the conclusior that the combined impact of drought and high
stocking rates had resulted in selec ive and year-long grazing of the phalaris, which

reduced the number of buds and resulted in a failure of the plant to regenerate. The
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presence of white clover is cyclical, being influenced strongly by drought, dry summers,
overstocking, and reduced seed banks (Hutchinson and King, 1994). The annual grass
species include Vulpia, Bromus, Eragrostis, Elusine, Chloris, Danthonia, and Poa
(Hutchinson and King, 1993). In 1995, a new experiment was established on the site. In
this, stocking rate is variable to maintain the feed on offer (FOO) between 1200 and 2500

kg DM ha'. The layout of the experiment is presented in Figure 3.1.
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Figure 3.1 Layout of the experimental paddocks. Buffer plots are used to change the stocking
rates as per the availability of pasture. Plot 1 & 2 for degraded (0.53 ha each), 3 & 6 for
phalaris, and 4 & 5 for phalaris/white clover (0.4 ha each).

3.2.2 Measurement of Feed On Offer (FOO) and Daily A FOO

The method used in measuring FOO was non-destructive and relied on the relationship
between yield and settled height of a weighted disk. Change in feed on offer (A FOO)
were estimated as follows; a rising plate meter was used to measure FOO along one side of
a 10m fixed transect in each strata. The average FOO was calculated as the mean of the
ten readings. The rising plate meter was then used to locate true areas within 2m of either
side of the transect where FOO was equal to the average of ten readings. This location

was marked with a flexible pin and a 1.5x0.5m wire cage placed over the area.
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After ¢ days the cage was removed, he pin located and the settled height of the plate
recorded at that point. The FOO in the next period was determined by repeating the above
procedure on a new area selected by the above procedure. For each period of 7 days, the A
FOO of pasture (NB some workers would designate the A FOO as net pasture growth, or

growth - decay) was taken as:

- (3.1)

Where, HMCo = Herbage Mass in the cage on day, and,
HMCt = Herbage Mass in the cage on day,

t = time in days

Measurements commenced in  “ebruary/March 1995 and continued until
November/December 1995. At each measurement time (i.e. day, and day,), a separate
calibration of the rising plate was made end both linear and curvilinear regression
equations were developed. The mos. significant of these relationships were used. The
equations used at each sampling arc presented in Appendix 3. When the botanical
composition was not significantly different in the Phalaris and Phalaris/white clover

pastures (during the drought period), only one calibration was made for both the pasture

types.

Estimates of pasture growth are most accurate from cages when the differences in yield,
height, LAI etc. between the pasture in and outside the cages are minimal (Cayley and
Bird, 1991). It is therefore best to move the cages more, rather than less often. Bearing
these facts in mind it was attempted 10 match the frequency of measurement and shifting
the cages with the rate of accumulition of HM. Sampling frequency increased with
increasing A FOO. When A FOO was low, sampling frequency was decreased because it

took longer to accumulate a measurat le increase in HM. HM was estimated weekly in the



spring and monthly in the winter. However, because of delays in reaching the experimental

site, measurement was delayed in som: of the sampling periods.

It was also planned to use the Pasturz Probe™ (capacitance meter) along with the rising
plate. The probe has been successfully used on irrigated pasture by several workers (Neal
and Neal, 1973; Stockdale and Kelly 1984; Gabriels and Van Den Berg, 1993; Lile and
George, 1993), however, its use on r.ainfed pasture has not been reported. The ability of
the probe to measure FOO was invest gated at the Big Ridge-2 experiment but when there
was a high proportion of dry pasture in summer (during the drought in 1994/95) the probe

was inaccurate, so it was not used.

For each time of measurement a sedarate sample cutting was made for the ungrazed
pasture from the exclosure at the sam: time and location as the measurement of FOO was
taken with the rising plate, whereas the sample was cut from the grazed pasture 7 to 9
days pre-or post-the measurement m:de on the grazed pasture. This was because of the

unavailability of transportation to the : ite.

Separate simulation runs were made or the grazed and ungrazed pastures for each time
the measurements were taken in the fizld. To simulate the effect of grazing animals on the
pasture prior to the short term simula ion run, the model simulation was run from January
1, 1994 through to the February 21, 1995, the commencement date of the experiment and
then simulated again as ungrazed pasture for a short duration. The procedure was
repeated for the eight consecutive m¢ asurements because in the version of the GrassGro
program used the same file cannot b: converted back into a grazed situation. If this is
attempted it locks up the program furction. The information from the model was read at

the end of each simulation run separat:ly for the grazed and ungrazed pastures.

In the physical experiment stocking rate (SR) was frequently changed in each of the
pasture types, (e.g. degraded, phalaris and phalaris/white clover) because of the availability
of pasture. The magnitude of change in stocking rate used in the field is not compatible

with the model, particularly when it was ctanged intermittently and for short periods.
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Therefore, for the ease of simulatio1 a weighted average SR was used for the entire

simulation.

3.2.3 Statistical Analysis

Minitab (release-9, 1993) was used to analvse the relationships between observed and
predicted FOO. NEVA (third edition, 1980) was used for ANOVA for measured change
in feed on offer (A FOO), beginning herbage mass (BHM), relative growth rate (RGR),
regression analysis of total feed on off:r (T.FOO) and green feed on offer (G.FOO). Excel
(version 5) was used for t-test analys s of measured vs predicted FOO. A pasture meter
software developed by Cayley (1994’ based on LOTUS-2 was also used to find out the
appropriate regression model for measuring HM; the reading obtained by the rising plate

meter.

3.3 Results

3.3.1 Rainfall, Temperature and Ra liation

The site received below average rain in 7 out of the 12 months, particularly in the part
early of 1995 (Figure 3.2 a). Total rainfall in 1995 was not below average however more
than 80% of rain was received during late 1995. Due to the severe drought, the total
rainfall received in 1994 was only 575 mm, which is below the 34 average vears from 1960
to 1995. Temperature and solar radiaticn almost follow the average except the

temperature was below average in Fetruary and April.
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Figure 3.2..Actual monthly rain, average mean temperature, and solar radiation at Big Ridge 2

compared with 34 year average.

3.3.2 Change in Daily Feed On Offer (A FOO)

The average daily change in feed on offer (A FOO) of the three pasture types generally
followed the same pattern except in the winter. A FOO varied considerably between

seasons, being highest in spring and late autumn and lowest in winter (Figure 3.3).




55

(kgDM ha''d™)

>~ o
ol s

Feb/Mar Mar/Apr Apr/May  Jun/. Jl Jul/Aug  Aug/Sep  Sep/Oct  Oct/Nov

Daily Change in Feed On Offer

Figure 3.3. Daily change in feed on offcr (A FOO) of the three pasture types (—O— degraded;
—O— phalaris; —A— phalaris/w.clover) measured in 1995. Values are means from 12 cages (2

per strata x 3 strata per plot x 2 replicaies).

Daily A FOO of the degraded pasture was significantly (P<0.05) lower than the other two
pasture types in the winter, the pasturcs phalaris and phalaris/white clover maintained their
growth rate around 12-15 kg DM ha"' d"' during the same period (Figure 3.3). A negative
A FOO of the degraded pasture was recorded during the winter months because the
dominant species in the degraded pas ure were mostly frost susceptible, summer annuals,
biennial, and perennial grasses. These species do not grow in the winter but the process of

decomposition of their accumulated de ad herbage continues resulting in a decline in FOO.

3.3.3 Simulated Growth Curve for Phalaris, White clover and Eleusine using the

GrassGro model

Growth curves for the two grass species, Eieusine (C,, tropical summer perennial) and
Phalaris (C;, temperate perennial) ard a legame, white clover (C;, temperate perennial)
were simulated using 1995 “Chiswick” weather data. Paddock inputs listed in Table 3.1
were used in the simulation run. The parameters for soil fertility, soil types and stocking
rate used in the simulation, as described in Chapter 2.4, were those which were most

appropriate for each experimental unit in the field trial. The general growth pattern of the
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three pasture species was found consistent except some discrepancies occurred with

Eleusine and white clover.

Table 3.1 Major paddock inputs used for the simulation of growth of the three pasture species.
Phalaris and white clover were also simi lated in mixed sward using stocking rate (SR) at 10 dse

-1 . . o
ha’ on phalaris soil conditions.

Fertility scaler = Stocking rate (dse ha™  Soil type

Eleusine 0.8 5 sandy clay loam
Phalaris 0.8 10 sandy clay loam
White clover 1.0 S clay loam

* . .
1 = no soil nutrient stress, 0 = comp ete stress

—_ -
@ O N
o O O

O
T

Growth Rate (kg DM ha™ d™)
[o2]
o

40 +

20,
0" 1
SEP JuL

Figure 3.4 Simulated growth curves prcduced by the GrassGro model using 1995 weather data
from the “Chiswick” meteorological stction. Values are monthly average DGR for the three

species (——— Eleusine; —0O— Phalaris; and —A— White clover) grown in pure sward

conditions.

In the simulation phalaris produc:d the highest DGR 89 kg DM ha' d' in
November/December and the lowest 1 kg DM ha' d' in January and August. White
clover alone produced daily growth rate of 35 kg ha' in January and O kg ha' in

March/April. When they were grown in mixed swards, the highest production rate reached



57

120 kg ha"' d"' in January and 1 kg hy' d” in March/April. However, the average DGR
production rate was maintained at 1)-13 kg ha' d' in the winter months. Likewise,
Eleusine exhibited the highest DGR in Januarv and lowest, 0, in June/July with a tendency

to increase after August.

3.3.4 Growth Limiting Factors

The growth limiting factors related t> the three pasture species indicated by the model
under the “Chiswick” Big Ridge . conditions in 1995 are shown in Figure 3.5.
Temperature was the most limiting fictor for Eleusine, particularly in April through to

September followed by soil moisture during March-April (Figure 3.5 a).

For phalaris (Figure 3.5 b), soil moisture was frequently a limiting factor particularly in
November, March and April. Leaf aiea tended to limit growth in general, but was most
severe in January. However for the clover pasture, both light (GAI = green area index)
and most frequently soil moisture wer2 the major limiting factors. Temperature tended to

be a limiting factor in winter (Figure 3 5 c).
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Figure 3.5 Growth limiting factors assc ciated with the three pasture species under “Chiswick”
environmental conditions, 1995. Valucs range from 0-1. Lowest value indicates the most
limiting conditions whilst the highest value represents non-limiting factors for plant growth
(—— GAI or light; —A— soil moisturc; —O— temperature; ®® ®® waterlogging, and ——

fertility status of soil).
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3.3.5 Comparison of Predicted ana Measured Feed On-Offer (FOO) of the Three
Pasture Types

Measurements of feed on offer (FOO) were made on the three pasture types under grazed
(sheep on) and ungrazed (sheep off) u:ing the exclosure technique. This measurement was

made by the pasture plate meter (or rising plate or falling plate) as outlined in section

3.2.2.

3.3.6 Phalaris (Phalaris aquatica) Pasture

Relationships were explored from 8 concomitant measurements (288 individual
observations) of meter readings witl. the same combination of the model predictions.
Several relationships between measured and predicted FOO were tried to verify the model
predictions. In all situations, the line: r model resulted in the best fit among the available
data sets. The relationship betweea measured change in feed on offer (FOO) and
predicted for the different observatior periods are presented in Figure 3.6 (a), (b), (¢) &
(d). These data sets adequately represent the seasonal effects on both Agreen FOO and
Atotal FOO. The results from ungraz:d phalaris (Figure 3.6 a, b) for green and total FOO
show that at each harvest and for the pooled data (predicted), there were significant
relationships (P<0.05) between the chiinge in green FOO and total FOO predicted from the
model. The R* value for the pooled data, was 0.80 for green FOO DM (Figure 3.6 a) and
0.60 for total FOO DM (Figure 3.6 t) for the ungrazed phalaris pasture, and the S.E. of
the Y estimates were +756 and 1340 <g ha” dry matter respectively. The paired t-test of

sample means showed no difference b:tween the observed and predicted data.
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Figure 3.6 Phalaris: A comparison of regression analysis, observed and predicted change in
FOO of green and total herbage (DM kg ha'), 1995. (a) change in green FOO, ungrazed (b)
change in total FOO, ungrazed (c) chanze in green FOO when the extreme point in Dec-05 was

excluded from the regression (d) change in totel FOO when the extreme point in Dec-05 was
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excluded. The solid line (

) in the regression shows the [:1 relationship whereas the broken

line (— — —) is the line of best fit to the nodel.

The model’s prediction is considerably higher in the December harvest (3418 vs 5752,
3884 vs 7939) for both Agreen and Atotal FOO under ungrazed conditions. However,
when these extreme points were ecluded from the regression, the R* values were
improved from 0.8 to 0.9 (Figure 3.6 ) and from 0.60 to 0.91 (Figure 3.6 d) respectively.
The phalaris pasture (grazed) did not how any significant relationship either in green or in

total FOO even after excluding the De ember data sets (Table 3.2).

3.3.7 Degraded Pasture

The degraded pasture at Big Ridge 2 experimrental site “Chiswick” consisted of a mixture
of C; and C, species, for example Elet sine, Chloris, Danthonia, Eragrostis, annual clover,
Vulpia, broad-leaf weeds etc. which are predominantly summer active and have slightly
different growth rhythms and life cyclcs. As explained earlier in Chapter 2 that due to the
developmental stage of the model (version 1.2.5.a) which has a number of programming
and technical difficulties, it was not pcssible to model mixed pastures. It was not possible
to simulate a new species and because of this the turnip model was over-written to
produce one for Eleusine, which wis the major contributing species in the degraded
pasture.

In the comparison, Eleusine did not show any significant relationships with the observed

data sets with either grazed or ungrazcd pastures (Table 3.2). However in

Table 3.2 Comparison of the regression analysis of the three pasture types.

Y a b X R® Status t-test Remarks

Phalaris: PG 283.2 1.472 0G 0.24 NS Sig Grazed

PT 43.89 1.28 oT 0.12 NS Sig Grazed

PT 308.5 0.942 OoT 0.32 NS Sig Grazed, E.P.
Degraded: PG -561.4 0.832 (eX¢] 0.41 NS Sig Grazed

PG 58.58 0.003 oG - e - Ungrazed

PT -556.1 2.445 OoT 0.40 NS Sig Grazed

PT 837.0 0.341 OoT 0.03 NS Sig Ungrazed
Phal/Wc: PT -3284 3.933 oT 0.45 NS NS Grazed

Legends:
P (G/T) = predicted (green/total) feed on-offer (DM kg ha™)
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O (G/T) = obsered (grezn/total) feed on-offer (DM kg ha™)

E. P. = excluded pcint, here refers the regression relationship after
excluding the Deceniber data set from the regression.
Phal/Wc = phalaris and white clover

the period when Eleusine tristachya was the rnajor species, and made up 38 to 56% of the
total pasture on-offer, the percenta;ie of variation explained by the regression were

surprisingly high both under grazed (93%) ard ungrazed (84%) conditions (Figure 3.7 a,
b).
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Figure 3.7 A comparison of A total FCO (DM kg ha') of the degraded pasture with Eleusine
tristachya, the simulated species after thz exclusion of spring data points when Eleusine was not

growing from the regression. (a) grazed (b) ungrazed, Solid line (

) shows the 1:1

relationship whereas the broken line (— -— —) is the line of best fit in the model.
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3.3.8 Phalaris/White clover Pasture

Relationships between measured and simulated data sets from the model for the phalaris
and white clover pastures were explcred. There were significant relationships (P<0.05)
under grazed and ungrazed conditions for Agreen FOO and Atotal FOO. However, Atotal
FOO (grazed) did not show a significant relationship (R* = 0.45) (Table 3.2). The
percentage of variation explained by tle regression (R?) were 71%, 94% and 60%: and the
S.E. of estimates were +1173, 611 aad 1937 DM kg ha' for the change in green FOO
(grazed), change in green FOO (ungrazed) and the change in total FOO (ungrazed)

respectively.
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Figure 3.8 Phalaris/white clover: The relationship of Agreen FOO and Atotal FOO (DM kg ha)
between measured and simulated, 1995; (a) Agreen FOO (grazed), (b) Agreen FOO (ungrazed)
and (c) Atotal FOO (ungrazed). The solid line (——) in the regression represents the 1:1

relationship whereas the broken line (— -— =) is the line of best fit in the model.

The t-test of the paired sample means for the significant equations further confirmed no

difference between the measured and predicted lines. Despite the significant test of the



regression and non-significant analysis of the t-test, the model, like in the phalaris pasture,
generally tended to predict noticeably higher in the December harvest under both grazed
and ungrazed conditions. Moreover, 'he predictions were considerably higher, almost 2x,

for the total FOO (ungrazed) in other Larvests as well.

3.4 Discussion

3.4.1 Average Change in Feed On Gffer (A FOO) of the Three Pasture Types

Variability in plant growth and pastur: production on the Northern Tablelands and slopes
districts can be very large and for this reason, it is wise to consider all important variables
that may affect growth and production in the paddock. The most important factors
(McDonald, 1995) to consider are cliraate, soil, grazing management, and soil fertility and
fertiliser use; of these the climate is considered as one of the most influential and erratic

factor.

The mean of A FOO of the three past ire types are presented in Figure 3.3. Each pasture
types exhibited the highest growth r:te in the summer, followed by spring, autumn and
winter. Summer growth rate was mostly accompanied by a higher percentage of dead
material than the spring growth. Therzfore, the maximum green growth rate took place in
the spring in the phalaris and phalaris/white clover pastures. The degraded pasture,
consisting a mixture of year-long green species (Danthonia linkii Kunth) and summer-
growing frost susceptible species (Eleitsine, Eragrostis, Chloris etc.) did not have a higher
growth rate in summer than the other two introduced pastures. In the experiment of
Robinson and Archer (1988), using tequent cutting and low levels of irrigation, these
species including Themeda australis Stapf, Sporobolus elongatus R. Br. and Bothriochloa
macra S.T. Blake, outyielded the in‘roduced species (Phalaris aquatica L. cv. Sirosa,

Festuca arundinacea Schreb. cv. Den eter, Trifolium repens L. cv. Haifa).
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Some of the effects associated with lywer growth rate of the degraded pasture are low
carrying capacity, unpalatability of the: species on-offer and the lower digestibility which
result in an accumulation of uneaten hzrbage (the beginning herbage mass, BHM) (Archer
and Robinson, 1988; Lodge et al. 19¢0; The Northern Site Team, 1995 unpublished) and
consequently reduced the relative grc wth rate (RGR) potential of the pasture (Bircham
and Korte, 1984; Hodgson, 1990; Lile and George, 1993; Cacho, 1993). The winter and
spring growth rate of the three pasture types match well with the curve produced by the
SPUR (Simulation of Production and Jtilisation of Rangelands) (McDonald, 1995) model
and the published data for phalaris ard white clover (Lazenby and Swain, 1973) for the
Northern Tablelands of NSW. The ne jative net growth rate of the degraded pasture in the

winter is exceptional.

The decline in FOO during winter n the degraded pasture can be explained by the
variation in photosynthetic gain and :enescence and decomposition rate of the herbage.
Negative net growth rates were also encountered with the other two pastures (phalaris and
phalaris/white clover) in the individual readings but these were compensated for in the
mean data. For most of the period tle photosynthetic rate of phalaris and phalaris/white
clover, or the absolute growth rate (1ot measured in this experiment), i.¢. an expansion
and elongation of lemina and stem (Hurd, 1977; Parsons et al. 1983; Johnson and Parsons,
1985; Parsons et al. 1988) was highe: than the respiratory loss and decomposition whilst
in case of the degraded pasture the si uation was reversed due to high senescence rate of
the herbage and the overall high decomposition rate, and other losses such as losses by
wind. High decomposition rate can be associated with high quality pasture, such as in
phalaris and phalaris/white clover (King, 1991), however, the quantitative loss
(breakdown) from the dead pool was higher with the degraded pasture. This has also been

observed by The Northern Site Team 1 1995 unpublished data).

3.4.2 Comparison of DGR

The measurement of growth for the three pasture types was undertaken according to the
experimental protocols of the Tempe -ate Pasture Sustainability Key Program, September

1993, which were based on those developed by Cayley and Bird (1991). This provides a



measurement of the so called net pastare growth (NPG), which is the difference between
true growth and decay. This has been considered as A FOO in this study. The details of

the measurement are explained in section 3.2.2..

The method of calculation of growth rate in the model is not clear. Because of this the
following assumptions were made prior to making the comparison between predicted and
observed data. Phalaris pasture was simulated on a ‘loamy clay’ soil with stocking rate
(SR) of 12 dse ha'. The reference veight (RW) of the grazing animal was 43 kg each
(conceptus free). Nutrient status of thz paddock was not a limiting factor for plant growth
which means the fertility scaler in the 1nodel was set at 1.00. The result was plotted for the

total herbage on-offer and growth rate simultaneously on a daily basis. For example:

Herbage on-offer Growth rate

(kg DM ha) (kg DM ha'' )
10 March 1995 8983 7
11 March 1995 8964 5

The difference in herbage on offer be ween March 10 " and 11", 1995 is 19 kg DM ha™
which represents animal intake (AI) lus decay (D), whilst the predicted growth is 7 kg
DM ha' d'. Therefore, the apparent zrowth rate (AGR) = true growth rate - decay = 7 -
19=-12kgDM ha'' d'".

Al = RW * (Intake of DM by 2% of the BW) * SR (3.2)

=43 *2/100 * 12 = 10.32 kg DM ha'' d’

.~ Decay (D) =19-10=9kg ha' d’
These assumptions are based on the flow chart of the pasture production process produced
by Bircham and Korte (1984), P.J. V ckery pers. comm. and K. Hutchinson (unpublished
data).
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With this understanding, a compariscn of growth of the three pasture types was made
between measured and predicted dat:. and there were no significant relationships found
between these two data sets. Several transformations of the measured data set were tried
but none of them showed any reasonable relarionship. However, the measurement of the
pasture at day, (grazed) and day, (ungrazed) have shown reasonable and significant
relationships between observed and p ‘edicted data which are presented in the discussion

section 3.4 .4.

3.4.2.1 Some possible reasons for tl e discrepancies of measured and predicted growth

rates

Measurement of plant growth has bcen found to be one of the most variable areas of
pasture research. Different researchers have shown different ways and implications of
growth measurement. Most objectively, it hes been found to be guided by the need and
the field of application, i.e. research ard production. For instance, Lile and George (1993)
measured the DGR for feed budgetinz on a Californian irrigated pasture using a pasture
probe with rotational grazing between the beginning and end of the rest period. Robinson
and Archer (1988) estimated the DGR, so called the average relative growth rate (RGR) in

a cutting sward (ungrazed) on a fortnig htly basis using the following equation:
(logYp- logYi )/At2-t;) (3.3)

where, Y = herbage mass (HM) and t = time in days.
According to Thornley and Johnson 1990), this relationship only applies to exponential
growth.
The sample was separated into green leaf (lamina only), green stem (+ leaf sheath), and

dead matter on each occasion.

Grant et al. (1983) measured the ratc of growth and senescence of leaf lamina per tiller
and of changes in tiller population densities in a continuously stock sward using the
exclosure technique. For the measurement of tissue turnover the tillers were marked at
their bases using a twist plastic covcred wire and the lengths of the individual laminae
(green leaf only) were recorded. In the case of immature laminae the length noted was the

visible length (i.e. from the tip of the leaf to the point of emergence). The transects were



69

protected from grazing by cages for 6 days after which the tillers were re-measured to
establish the length (mm) of new leafl which had emerged and of green leaf which had
senesced per tiller. This procedure was repeated for each measurement. The linear
measurement of both immature i.e. ex yanding laminae (to calibrate growth) and of mature
green laminae (to calibrate loss to senescence) were converted to weight at weekly

intervals.

In a study of physiology of grass prodiction under grazing, Parsons et al. (1983) estimated
canopy photosynthesis using the modified technique explained by Grant et al. (1983). In
the procedure, samples were divided i1to growing leaves, youngest fully expanded leaves,
older leaves, sheath (pseudostem) and dead tissue. The number of tillers in the sub-sample
was counted. The areas of laminae in each leaf category, and projected area of sheath,
were measured using an electric planimeter. Samples were ground and analysed for
carbon content to correct errors in the calculation of total dry weight of each category in

the sward.

Many research workers (Jagusch et «/. 1978; Grant et al. 1981; Bircham and Hodgson,
1983; Frame, 1993) have measured he growth, either with rotational grazing, i.e. the
measurement of difference between tie beginning and the end of rest period, or with a
continuous grazing system using the cxclosure technique. For an accurate determination
of growth, the movement of exclosure cages should be made frequently. The
measurement of herbage production. or net production in these circumstances, is the
amount of live and dead herbage that iccumulates between the two points in time, i.e. it is
the resultant of the process of new growth and disappearance. Many other different
techniques have been used to measure growth and production but all measure the balance
between new herbage growth and its disappearance which is determined by utilisation 1.e.
efficiency of harvesting. “New herbage growth has been measured by only a few research
workers throughout the world becaise the measurements are both difficult and time

consuming” (Bircham and Korte, 198:}), as some of these procedures are explained above.
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Taking these different techniques of growth measurement into account (from the simple to
the most sophisticated) it can be infer -ed from this short review that different researchers
have their own way of measuring paiture growth and it can also be assumed that these
methods would have a wide range of variation between them. In most pasture
measurement experiments, the inte-val between the successive measurements was
generally kept to less than 7 days whilst in the experiment at Big Ridge 2, measurements
were made monthly or sometimes even longer. This could be the factor which contributed
to the large variation in the compariso 1 with the model’s prediction, which calculates DGR
on a daily basis. If the model calcu ates the absolute growth rate (AbGR) that should
always be higher than the apparen growth rate (AGR) as indicated in the above
assumptions, provided the assumptior s made for the model are correct. J. Donnelly, A.
Moore, and M. Freer (1994 unpub ished) reported in the discussion document at a
Tamworth workshop that the growth rate predicted by the model would generally be
higher than the AGR as measured by the usual exclosure techniques. This trend was not
observed in this study. It is still to be confirrned which kind of exclosure techniques they
used. Because of these fundament:l differences between the observed and predicted

growth measurements, no further comarisons were made.

3.4.3 Simulated growth curves for Phalaris, White clover and Eleusine

The major fundamental differences jetween these three species in terms of biomass
production, light interception, temper ature and available soil water (ASW) responses are
briefly presented in Table 3.3 (for detail, see Appendix 1).

(a) Eleusine

Growth curves of the three pasture species (Eleusine, Phalaris, White clover) using 1995
weather data are represented in Figure 3.4. Eleusine being a tropical C, pasture plant
exceeded the growth rate produced by the other species. Considering the weather data of
1994/95 (Figure 3.2), this is the effec of temperature and solar irradiance. The influence
of temperature on net photosynthesi; is well known and the response of a number of
species has been well documented by Hesketh (1968). This author reported that species
with higher rates of photosynthesis tend to be those with a tropical origin and a higher
optimum temperature for photosynthzsis. Black (1971) reported that this difference in

photosynthetic rate between species 1. the reason for the higher dry matter production of
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tropical species. In contrast, when (4 plants of tropical origin are grown in temperate
regions, their potential growth rate is 1rst restricted by the lower cool night temperatures,
a characteristic feature of temperate ¢nvironments (Vickery, 1981). The reason for the
prediction of higher growth rates of Lleusine is due to the higher value of the maximum
temperature response in the parametcr set (e.g. 40°C) compared to 30°C and 27°C of
phalaris and white clover respectivel/ (see Appendix 1). Another reason for the high
prediction is the notional maximum ne primary production (NPP) which was set out 3 to 4
times greater than these two specics. This set of parameters for temperature and
production responses were in line with those of Cook et al. (1978) and Mitchell (1956)
(see parametrisation section, Chapter '2). With these parameters the predicted growth rate
of Eleusine seems to be higher than ohserved in the field. Because of this, the production
response of the species should be decreased from 400 to 300 kg DM ha' d ™' and the
maximum temperature for growth froia 40 to 35°C. These changes are in line with Hatch

(1971) and Vickery (1981).

Table 3.3 A summary of some of the major differences in parameters setting for the three
species. Parameters for Eleusine are newly created whereas phalaris and white clover are the
original set from the model. Some of th:se parameters require fine adjustments as explained in

the discussion.

Phalaris White clover Eleusine

Notional maximum NPP 160 180 400
Biomass for LAI =1 950 700 870
Light extinction coefficient 0.60-0.90 0.70-0.90 0.65-0.70
Temperature Response (°C):

Low (5%) 2.0 3.0 10.0
Low (95%) 9.0 12.0 25.0
High (95%) 18.0 22.0 35.0
High (5%) 30.0 27.0 40.0

Soil moisture response 0.25 0.35 0.20

The lower temperature response would be expected to work reasonably well as Eleusine
does not grow in the winter or when >verall temperature drops below 10°C (Figure 3.2 b
and Figure 3.4). This effect is well r:presented in the factors of plant growth Figure 3.5
(a). The overall growth of Eleusine in the temperate environment is most adversely

affected by the temperature, particularly in the winter.
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(b) Phalaris

Phalaris had a high growth rate (about 80 kg ha™ d') in the Armidale field conditions when
the soil moisture is non-limiting facto1 for plant growth. When the soil moisture becomes
a limiting factor and temperatures increases in January daily growth rate declined
drastically to about 10 kg ha" d"' (F gure 3.4). This is the time when Eleusine has its
highest growth rate due to the temper: ture effzct and it can also tolerate more water stress
than phalaris. These responses to tem perature and soil moisture between these two types
of species has been found by various workers (Hatch, 1971; Black, 1971; Gifford, 1974).
Like the tropical species, when the teiaperate C; species are grown in the tropics they are
above their optimum temperature for photosynthesis, and they waste much of the energy
they have fixed by continuing to respire. However, as soon as this condition develops,
phalaris goes to a dormant stage to escape from both the low soil moisture and the high
temperature stress in the temperate environment (Vickery, 1981). This is the main
agronomic and ecological attribute of this species which enables it to persist in the long-

term and survive under harsh conditions.

(c) White clover

As soil moisture is one of the mos. determining factors for white clover, it showed
measurable growth during 1995. Lazenby and Swain (1973) demonstrated the effect of
water stress on the production of the t rree exotic species, i.e. phalaris (Phalaris aquatica),
perennial ryegrass (Lolium perenne), :nd white clover (Trifolium repens). Under irrigated
conditions, the production was reco ded at 3200, 4000, and 5000 kg dry matter per
hectare respectively. When they were grown under non-irrigated conditions, the
production of white clover declined re markably to 500 kg ha" and of ryegrass to 2500 kg
ha'. Phalaris was the lowest yielder among rhe tested species under irrigated conditions
but the relative decline, compared to others, was much less under rainfed (non-irrigated)
conditions (3200 to 2400 kg ha™). ‘White clover production throughout the winter was
almost zero due to high moisture strzss. Because of its complete disappearance, white
clover was re-sown in 1995 at the Big Ridge Site 2 to maintain the white clover in the

phalaris sward. Winter in 1995 was e> ceptionally dry.



Analysis of the factors affecting growth show that the growth of white clover during 1995
was severely affected by light (Figure 3.5 ¢). Solar radiation has rarely been found to be a
limiting factor in Australian pasture urder normal growth and sward canopy (Figure 3.2 c).
It is well known that after reaching a ceiling yield, plants suffer from the light competition.
Because of this, there will be no furtter light interception by the lower layers of leaves in
the sward beyond this point, leading t > negative balance of the assimilates. This has been
well documented by various authors (1Jonald, 1961; Stern, 1962; Brown and Blaser, 1968;
Bircham and Korte, 1984; Korte et a:. 1987; Gay, 1993). Therefore, light should not be
the limiting factor for white clover tecause it never attained its yield potential in 1995
because of moisture stress. In the parameter set the value of light extinction coefficient for
white clover should be changed from 0.7-0.9 to 0.65-0.70. This change is made in line
with the suggestion of Stern (1962).

3.4.4 Comparison of Feed On-Offer (FOO) of the Three Pasture Types

As explained in the earlier section the experiment was conducted throughout 1995 which
was exceptionally dry at the start o the year. However, the later part of 1995 was
exceptionally wet. In general, Austraia faces severe drought once in every ten years and
moderate drought once in five years (Scott and Virgona, 1994). These droughts have
devastating effects on the pastoral community. Perennial and annual grass species and

legumes react differently to the period; of drought and immediately after its cessation.

(a) Phalaris

Dry matter production and its compor ents fluctuate from year-to-year and on different soil
types (Ayres et al, 1995). Robinsor: and Archer (1988) recorded 3079 (spring), 2324
(summer), 2144 (autumn) and 510 (winter) kg ha™ dry matter yield of phalaris and that of
green 2348, 1137, 1734 and 317 kg hv' DM cespectively. The experiment was conducted
at Glen Innes (latitude 29° 44’ S.; ongitude 151° 42’ E., altitude 1057m) on a self-
mulching black soil of basaltic origin i1 a padcock with a long history of cultivation. Their
measurements of total and green DM yield support the observations made at “Chiswick”
Big Ridge 2 under ungrazed conditions. However, minor discrepancies between these two

studies are evident on occasions. At he Big Ridge 2 Site, phalaris constituted only up to
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88% of pasture on-offer. The remainder were broadleaf weeds and annuals and perennial

summer grass species.

A comparison of observed, and the predicted data sets from the model have shown
significant correlations between Atota. FOO and Agreen FOO under ungrazed conditions
over time except at the December ha vest. General discrepancies between the observed
and predicted are inevitable due to difference in pasture composition. The simulation
results are for a pure stand of phalaric whereas the observed was a mixture of up to 20%
other annuals and perennials summer g rowing species which have different growth rhythms

and contribute differently to the total ¢ nd green dry matter.

Despite these minor discrepancies, the model tends to over-predict by more than two fold
at the December (summer) harvest (i.:. 3418 vs 5752; 3884 vs 7939) for both green and
total dry matter (Figure 3.6 a & b), which when excluded from the regression dramatically
improve the relationships, particularly with Arotal FOO (ungrazed), i.e. the coefficient of
variation (R?) from 0.80 to 0.90 and 0.60 to 0.91 for the Agreen FOO and Atotal FOO
respectively. The models higher preciction in the December harvest is supported by the
findings of Mcwilliam (1973). This author found that during the late spring and early
summer phalaris enters into the reproductive phase; causing the physiological
transformation of the carbon substrat:>s being more partitioned to the above ground part
than the underground root system. Eecause of this the translocation factor in the model

would have to be given more weighting than in a normal vegetative pasture plant.

The another possible reason for the high prediction could be that the model may not
sufficiently take into account the stbsequent effect of drought on the resilience and
recuperation phenomenon of perennial pasture plants (Hutchinson, 1992). In 1995,
December was a wet transitional stags just after the cessation of the long drought which
would be expected to cause conside -ably more damage to root systems than to shoots
(Wilson, 1988). Caloin (1994) showed the effect of water stress in modelling of root and
shoot partitioning of Dactylis glome -ata. Prior to drought stress, perennial plants, for

example Phalaris aquatica, perennal ryegrass Lolium perenne, Dactylis glomerata
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initially put more assimilates towards the building of root reserves which was spent during
the survival of drought and/or severe lefoliation and gradually increase the partitioning to
the above ground parts (Caloin, 1994; FitzGerald et al. 1995). This finding is also
supported by Jones (1995) that “hi;zh initial production and long-term persistence are
inversely correlated”. FitzGerald and his colleagues at Glen Innes in a drought study
found that among the exotic specie; (i.e. Fescue, Cocksfoot, Ryegrass and Phalaris)
phalaris showed an exceptional contiibution to the pasture composition (from 1994 to

1995).

Considering these facts, it can be inferred that the model should not show an abrupt
increase in growth and DM yield imme diately prior to cessation of drought and the start of
rain. In order to determine the post-crought effect on the prediction, the model needs to

be tested under several droughts and ¢ imatic regimes.

The comparison of Agreen FOO and Atotal FOO in respect to the model prediction did not
show any significant relationships uncer grazed pastures, even after the exclusion of the
December data set (Table 3.2). This s presumably due to the fact of frequent changes in
stocking rate in the experiment which was not compatible in the model particularly for the
short simulation runs. Although a weizhted average stocking rate was used in the model it
was still unrealistic when SR in the ficld was abruptly changed from 10 to 20 and then to
12.5 dse ha'. To make a fair compa ison, it was attempted to change SR by halting the

simulation process but this procedure ocks up the model.

The other possible reason for the disc -epancy. although minor, would be the separation of
green and dead which was not perfo:med at the same time as the measurement for the
grazed pasture, as it was in the ungrazed cages. These are the two major sources of error,
most importantly SR, causing discrepancies between observed and simulated data sets in
the grazed pasture.

(b) Degraded (Eleusine based) Pusture

The Eleusine based degraded pasture did not show any significant (P<0.05) relationship

between observed Agreen FOO and stotal FOO with the model predictions either under
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grazed or ungrazed conditions (Table 3.2). The discrepancies between Agreen FOO and
Atotal FOO appeared in the whole simrulation. This does not mean that the model was not
working properly with the Eleusine »asture. The reason for the discrepancies was the
fundamental differences between tke two pastures (observed vs simulated). The
observations made in the experiment constituted a complex mixture of C; and C4 plant
species, ranging up to 56% Eleusine, 30% broadleaf weeds, up to 64% annual clovers in
the later part of 1995, 16% Danthonia, 19% Vulpia, 13% Eragrostis, 12% Phalaris and
others. Their contribution to the total yield, dead pool and green dry matter were different
and therefore the quality differed widely with time and season (Lazenby and Lovett, 1975;
Cook et al. 1976; Archer and Robinson, 1988; Robinson and Archer, 1988; Jones, 1995;
McDonald, 1995; Archer, 1995; Mar:hall and Nelson, 1995; Dowe et al. 1995) whereas
the simulated pasture was a pure stanc of Eleusine which has a short growing period being
usually active from the onset of sumner, i.e. December through to the late autumn, i.e.
April (Burbidge, 1966; Lodge et al. 1990). Generally, Eleusine pastures are uneaten (The
Northern Site Team, 1995 unpublishzd) and are not relished by livestock due to their
tough fibrous leaves, low palatability ind digestibility (Lodge et al. 1990). The Northern
Site Team (1995 unpublished) of Sustainability Key Program at “Chiswick” Big Ridge 2
observed that grazing sheep selectively grazed broadleaf weeds (mainly Hypochoeris
radicata, which is more succulent and palatable, probably due to high sugar content) when
Eleusine tristachya alone composed 55% of the total pasture species on offer. Taking this
information into account, the relationship was re-established between the degraded pasture
(when Eleusine had major contribution to the total FOO) with the pure stand of Eleusine
simulated from the model, the percentage of variation (R*) measured up to 93% and 84%
for grazed and ungrazed pastures re;pectively (Figure 3.7 a & b). The reason for the
comparatively lower R” value for ungrazed pasture is likely due to one and half month time
difference in the grazed pasture when the contribution of Eleusine to the dead pool and/or
total herbage declined sharply in both the simulation and observation, whilst other species,
such as Danthonia, Vulpia, broadl:af weeds and other species started contributing
substantially to the green and dead pool of the observed data set (641 vs 2375). In

conclusion, although it was a partial comparison (by excluding spring data sets from the



regression) there is a strong indication that the model predicts Eleusine growth reasonably

well.

Further evaluation of the Eleusine sim1lation was sought through changes in stocking rate.
The model was simulated for 2 and 1C dse ha", however there was a little or no difference
in Atotal FOO observed between thes: two stocking rates due to its low digestibility and
palatability (Lodge et al. 1990; The Northern Site Team, 1995 unpublished; P.J. Vickery,
pers. comm.). Thus SR does not have strong effect on the Eleusine pasture. This also
further confirms that both stocking rate and the Eleusine routine are working reasonably

well in the model.

(c) Phalaris/ White clover

Basically, treatment 2 (phalaris, plot 3. 6) and 3 (phalaris and white clover, plot 4, 5) were
the same from the botanical composition stand point due to the severe drought in 1994/95.
The contribution of white clover declined markedly during the year consequently it was re-
sown in the middle of 1995, however it did not grow well until late 1995 due to low

available soil moisture (ASM).

The change in green FOO and total “O0O biomass simulations for the model calibration
using 1995 data for the grazed and urgrazed pastures are shown in Figure 3.8 a, b, and c.
Simulated above ground production for Agreen FOO agreed well the observed Agreen
FOO (R2 = 0.94) under ungrazed conditions (Figure 3.8 b). However, despite the
significant relationships (P<0.05) betv-een simulated biomass production for Agreen FOO
(grazed) and Atotal FOO (ungrazed) with the observed data, the R? values are
considerably lower (0.71 and 0.61) co npared to Agreen FOO (ungrazed) (Figure 3.8 a, c).
In general, the predicted values folloved a similar pattern as with the phalaris pasture but
the simulated data exceeded the 1995 observations for the phalaris and white clover mixed
pasture. This is mainly because o’ over prediction of the white clover component

simulated in the mixed sward.
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To obtain the fits to the 1995 observe:l above-ground biomass for Agreen FOO and Atotal
FOO under grazed and ungrazed corditions, some radical adjustments need to be made
with white clover parameters set. The first is to decrease the notional net primary
production (NPP) from 180 to sufficiently lower than phalaris, 160 kg ha'd'. This
decrease is in line with Johns (1973) who corapared the three temperate grasses; phalaris,
tall fescue and perennial ryegrass; and a temperate legume white clover under rainfed
(dryland) Armidale conditions. The second adjustment to be made is with the soil
moisture response (SMR) variable. The SMR value should be increased from 0.35 to

0.60. This is again in line with Johns (1973) and Lazenby and Swain (1973).

The third adjustment involves the tw> parameters of allocation to the target root:shoot
ratios (RSR). The value of RSR at he start of reproduction in white clover should be
decreased from 5.00 to 1.4 and at 509> flowering from 2.00 to 1.00. These changes are in
line with Johnson (1991) based on his statement that “mineral deficiency leads to a
relatively greater proportion of plant growth being partitioned to the roots” and general

calculations for grasses and legumes.

Discrepancies occurred between observed and simulated data for the Atotal FOO (R* =
0.45) under grazed conditions for the phalaris and white clover pastures (Table 3.2) for the

same reasons explained in the phalaris pasture.

3.5 Application of GrassGro

3.5.1 Environmental Comparison

One of the basic uses of the model i¢ to analyse how weather and soil differences affect
both pasture and consequently animal production. The model was used to compare
Canberra (35° 18’S, 149° 6’E) and Choma (36° 13’S, 149° 8’E) which are located in the
northern and southern parts of the Southern Tablelands and Armidale (31° 31’S, 150°
39’E) which is in the northern part of the Northern Tablelands of New South Wales. The
data in Figure 3.9 which was generited from the model shows that Cooma has lower

temperatures than Canberra and ArmiJale (Chiswick) and is also drier, especially in winter
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and spring. On the other hand, overall total annual average precipitation at Armidale (787
mm) is much higher than Cooma (521 mm) and slightly higher than at Canberra (713 mm).
The effects of these climatic differences on the growth and productivity of pasture stocked

at 12 wethers per hectare can be seen n Figure 3.10.

Table 3.4 Farm information: These aire some of the major but common inputs used for the

simulation to all the three sites (Armidalc, Canberra, and Cooma).

Enterprise wether

Animal breed Med. Merino Polworth
Standard reference weight 45 kg

Adult mortality 2%

Stocking rate 12 wethers (equiv. dse.) ha™
Live weight 43 kg (conceptus free)
Management Simple, no rotation
Initial animal age 18 months

Pasture species Phalaris and white clover
Soil type Sandy clay loam

Fertility scaler 1.00

The general pattern of plant growth tt roughout the year is similar at the three sites but the
spring growth at Cooma and summer growth at Canberra are much lower than at
Armidale. Although Canberra and A midale have almost the same pasture growth in the
spring, annual average net primary productivity is much higher at Armidale than at both
Canberra and Cooma. The environiaental differences and their effects on growth and

productivity are further classified and « ummarised in Table 3.5.
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Figure 3.9 Long-term average of the environmental factors (Rainfall and Temperature) of the

three sites and their consequent effect on the temperate pasture species.(see Figure 3.10)
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Figure 3.10 Simulated growth and prod.ctivity of temperate pasture species at the three sites as
a consequent effects of the environmental factors (Figure 3.9) (—O— Armidale; —A—

Canberra; — + — Cooma)

Table 3.5 Summary of simulated monthl» and annual above ground production (kg DM ha' d”'),

and precipitation at the three sites.

Canberra Cooma Armidale

Monthly av. growth rate (kg DM na” d'') 26 16 33
Annual av. growth rate (kg DM ha' d') 27 20 38
Annual available DM. (kgDM ha') 6,527 3,771 7,751
Annual precipitation (mm) 713 521 787

3.5.2 Environmental Comparisons

The aim of this simulation was to sce how the model predicts pasture growth and net
primary productivity under different ¢ imatic conditions. It was intended to test the model
with daily weather data of Kathmand i, Nepal. Unfortunately, despite our enormous and
sustained efforts we could not obtair the ful set of the required daily data, particularly
radiation and pan evaporation. As a result, Kathmandu was replaced with Cooma which
has some similar climatic conditions. However, the major differences between these two

sites are precipitation, both in the amount and its distribution, being very high in



Kathmandu (altitude 1350m, surrounded by steep mountains rising up to 2800m above
mean sea level), usually exceeding 1300 mm of which almost 80% falls during the
monsoon months of June through to September. Monsoon rains have a tendency to be

more frequent at night.

Armidale and Canberra have almost the same temperatures but are warmer than Cooma.
Pasture growth and net primary piroductivity at Armidale and Canberra are largely
governed by precipitation, i.e. the amounr, seasonal distribution, reliability and its
effectiveness. Canberra and Armidale are also similar in the amount of precipitation they
receive annually but the seasonal dist ibution more closely matches to plant water use at
Armidale than at Canberra, consequ:ntly the growth and net primary productivity are
much higher at Armidale than at Canbzrra (av. annual growth 38 vs 27 kg DM/ha/day; av.
annual available DM 7751 vs 6527 kg DM/ha) (Table 3.5). Detail of the seasonal effect of
precipitation and the amount of water necessary for plants at different times can be seen in

the report of Haurwitz and Austin (1944), Lovett (1973), and Hilder (1964).

In temperate region such as Armidale, a very small amount of precipitation in winter can
supply a plant’s water needs for long:r period of time than the same amount of water in
summer when both temperature anc evaporation are high. However, deficiencies in
precipitation are enhanced in regions where winter growth is severely curtailed by low

temperature. This effect can be obser 7ed at Cooma.

In contrast, in climates such as in Cinberra or Perth where more than 70% of rain falls
between May and October winter rair fall cannot be fully utilised by plants whereas in the
summer irrigation is required to main:ain stands of plants. Because of this mappropriate
distribution pattern the productivity of pasture are lower at Canberra than at Armidale,
although they are similar in averag: annual precipitation. This type of information
generated by the model will be of ure when considering the appropriateness of grazing

management for other localities.
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3.5.3 Matching Animal Demand to *asture Supply

A ten year intensive study by Georg: and Fearse, 1978 of an ewe enterprise based on
economic analysis showed that the cl.oice of lambing time in breeding ewe flocks in the
Northern Tablelands is governed by many factors, but one important element in the
decision making process is the pattern of pasture supply. The sequence of pasture growth
in relation to the reproductive cycle will affect the nutrition of pregnant and lactating ewes
and subsequently the growth and survival of the lambs. It may also alter the likelihood of
supplementary feeding and its proxiriate quantity that will be required to maintain the
animal. The model can be used to ilustrate how the animals’ requirement matches the

pasture supply through growth in a vaiiety of pastoral and climatic regimes.

As an example, three Border Leicester x Merino flocks, each consisting 1000 ewes grazing
perennial temperate pasture (Phalaris aquatica and Trifolium repens) at “‘Chiswick” were
simulated with different lambing date;, namely 30 May, 29 July and 29 August; average
conception rates for these lambing da es have been taken from George and Pearse (1978)
and FitzGerald (1976). Lambs were s>ld once they reached an age of 187 d (26 weeks) or
a live weight of 37 kg. Figure 3.11 shows aow the patterns of pasture production and
animal intake vary with lambing date. It is apparent that early spring lambing (August 29)
results in a better match between den and for pasture by the flock and its availability than

does winter or, to a lesser extent, autu nn lambing.



84

(a) Autumn Lambing, 30 May

(b) Spring Lambing, 29 Aug
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Figure 3.11 Pattern of animal intake and pasture supply simulated over 3 different lambing
dates. Vertical bars represent the monthly intake of dry matter of the grazing animals (kg

DM/ha) and the lines are the total available green dry matter on offer (FOO) (kg DM/ha).
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3.5.4 Matching Supply with Animal Demand

In George and Pearse’s (1978) study, -hree widely separated times of lambing with Merino
ewe were tested. They concluded tha the seasonal conditions can affect the results but, in
general, spring lambing, a traditional system for the Northern Tablelands, gave the greatest
number of lambs weaned, followed by about 3% lower in the winter lambing, and summer
lambing being substantially lower than spring and winter. Although the difference between
spring and winter lambing was not L.rge, they found the cost of production was higher
with winter lambing due to a relatively high supplement requirement, consequently it

reduced the overall gross margin (GM) of the farm enterprise.

The authors also recommended that the optimum stocking rate (SR) for a phalaris and
white clover pasture could be betwecn 12 and 16 ewes ha'. In the simulation SR was
taken from the Big Ridge 2 experiment. Furthermore, the dry matter intake (DMI) in the
simulation calculated by the model wis verified by the procedures adopted by Black and
Bottomley (1980), and this showed no difference. In conclusion, the information
generated by the model, used in conjunction with other factors such as month-to-month

changes in lamb prices, can be used to guide a decision about the optimal lambing date.

3.6 Comments on GrassGro model

It should be noted that the GrassGrc model version used in this thesis (version 1.2.5.a)
was a developmental version. Many of the help files had not been written and the
documentation to support the program was inadequate. In addition to the lack of help
files, there were a number of technica. problems in running the model such as the inability
to model mixed pastures, nor to read ly simulate a new species such as Eleusine. This is
not a criticism of the model; rather, it is an explanation of some of the difficulties faced by
this author and by the supervisor. At times, assumptions had to be made about what the
model authors intended.

The setting of parameters for the Ele: sine pasture was difficult, partly because of the lack
of published information on that species bui also because of the type of physiological

parameters required. It remains to be¢ seen as this model is released and used by a wider
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range of specialists whether the detail required in the parameters is at a sufficient level of
detail or, alternatively, too detailed.

It should be pointed out that this authcr does not consider the current version of the model
appropriate for farmer use; nor was it intended for use by farmers in its current form.
Because of the difficulty of defining a sufficient data set for running the model, it is not in
an appropriate form for running gene ‘ic comparisons without careful and detailed setting
of a wide range of parameters. Thus, it is considered as a tool for pasture specialists - it is
also likely that intensive training will be needed for operators to become competent in the
use of the model.

Nevertheless, grazed pasture ecosystems are exceptionally complex and it is only through
models such as GrassGro, which ¢ttempt to include factors governing most levels
interacting within the system, that solutions will be found to reliably predict grazed pasture

performance.

3.7 Conclusions

The GrassGro model predictions showed a good fit to the observed data for AFOO for the
three pasture types under ungrazed conditions and relatively less and/or no fit under
grazed conditions. The reason for the poorer fit under grazed conditions was due mainly
to the frequent changes in stocking rate to match animal demand to pasture supply in the
experiment which was not compatible with the model. However, SR did not show much
influence on the Eleusine pasture beciwuse of :ts low digestibility and palatability to stock.
Thus the model indicated no significent different between grazed and ungrazed pastures.
The comparison of Eleusine with th: degraded pasture showed a significant (P<0.05)
relationship under both the grazed (F2=0.93) and ungrazed (R2=0.84) conditions, when

the spring data points were excluded f -om the regression.

Phalaris and phalaris-white clover pastures generally exhibited a similar pattern of AFOO
with the model predictions under bot1 grazed and ungrazed conditions. Phalaris pasture
explained 80% of the variation under ingrazed and 60% under grazed conditions. In both

conditions, the model predictions we ‘e higher in the December harvests than the actual.
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When December data points were e»cluded, the relationships (R?®) improved to 0.9 and

0.91 respectively.

The R® for the predicted vs measured phalaris-white clover pasture were 0.71 (Agreen
FOO grazed), 0.94 (Agreen FOO unzrazed) and 0.60 (Atotal FOO ungrazed). Despite
these significant relationships, the model always predicted higher than the measured. This
was mainly due to the higher predictcd values of white clover pasture in the model. To
obtain the fits to 1995 observed data, some parameters of the white clover model need to
be adjusted. The first is to decrease the NPP from 180 to lower than phalaris, 160 kg ha™
d'. The second, SMR value should b increased from 0.35 to 0.60. The third, RSR value
at the start of reproduction is to be decreased from 5.00 to 1.4 and at 50% flowering from

2.00 to 1.00.

Comparison of AFOO measured usin; the exclosure technique in the experiment did not
match the predicted, mainly because cf the differences in the methods of calculation. This
is not clearly documented in the model. Measurement of pasture growth is one of the

most diversified areas of a pasture sci¢ nce.

In general, the calibration of the model under different climatic regimes (Cooma, Canberra
and Armidale) for the above ground production in the environmental comparison showed
no difference from published reports. Likewise, the simulated results matching animal
demand to pasture supply, using different lambing dates agreed well with the data reported

by various workers under the conditio 1s of the Northern Tablelands of NSW.
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5. Appendices

Appendix 1. List of parameters of the three pasture types used in the simulation of results of the

GrassGro model.

Editing P. sture Species, Screen (1)

Phalaris White clover Eleusine

Notional maximum NPP (kg ha™' d) 160 180 400
Light intensity effect (MJ hr'") .60 0.60 0.60
Biomass for LAI=1 (kg ha™) 950 700 870
Light extinction coefficient 1.60-0.90 0.70-0.90 0.65-0.70
Species intake factor 1.70 1.70 1.70
Hight ratio 1.0 1.0 1.0
Protein content:
80% 25% 33% 16%
70% 18% 24% 12%
60% 12% 16% 10%
50% 1% 9% 7%
40% 3% 4% 3%
Rumen degradable protein (RDP):
80% 0% 90% 90%
70% 30% 80% 80%
60% 70% 70% 70%
50% 50% 60% 60%
40% 50% 50% 50%
Temperature response (°C):
Low (5%) 2.0 3.0 5
Low (95%) 2.0 12.0 25
High (95%) 18.0 22.0 35
High (5%) 30.0 27.0 40
Soil moisture response 2.25 0.35 0.20
Transpiration response J.35 0.35 0.35

Editing P.sture Species, Screen (2)
Development:
Vernalization required (?) Yes *! No No
Reproduction trigger DL 11 hr *? DL 10.5 hr ¥’ 150 (°D) *2
50% flowering point (°D) 100 ** 300 *’ 1000 *2
End of reproduction (°D) 800 *2, *3 2600 ** 2000 *'*
Summer dormancy:
Threshold temperature (°C) 17.0 -- -
ASW threshold 0.40 - -
Initial requirement (d) 9.00 -- --
Breaks after (d) 110.00 - -
Allocation:
Target root/shoot ratio, start of reproduction 3.00 5.00 1.60
50% flowering 1.00 2.00 1.00
Maximum RGR of shoot (dormant) 0.50% - --
Maximum RGR of root (dormant) 0.20% - -
Growth factor for translocation 0.60 0.60 0.60
Maximum specific rate of translocation 1.00 2.00 1.00

contd..
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Editing P isture Species, Screen (3)

Phalaris White clover Eleusine
Maturation (digestibility unit, DU):
Live 0.20 ** 0.20
Leaf, Live (White clover) - 0.10 *°
Stem, Live ( do ) -- 0.20 *°
Scenescing 0.50 ** 3.00 *° 0.50
Qu 2.00 2.00 2.00
Ageing of dead (DU) 0.10 *° 0.10
Leaf (White clover) 0.10 *©
Stem (  do ) 0.10 *"
Death (%):
Live 0.30 1.00
Leaf, Live (White clover) 1.0
Leaf, Senescing ( do ) 5.00
Stem, Live ( do ) 1.0
Stem, Senescing ( do ) 5.00
Senescing 20.00 20.00
Fall (%) 3.00 *° 3.00
Leaf (White clover) 5.00 *'2
Stem (White clover) 5.00 *
Frost:
5% (°C) -3.00 0.00
95% (°C) -11.00 -5.00
Hardening factor (°C) 1.00 0.00
Ageing of litter (DU):
Dry maximum 2.20 0.40 0.20
Wet maximum 1.00 2.0 1.00
Temperature (°C):
5% 2.00 0.00 0.00
95% 8.00 8.00 8.00
Root losses (%):
At 10°C 2.30 0.25 0.50
Q1o 1.50 1.50 1.50
Legend:

NPP = Net primary production

DL = Day length

RGR = Relative growth rate

*' = Vernalization index (VI) = 0.050 * exp(—0.100T min.)

** = Base temperature at 5°C

* = At or below available soil water ‘ASW) 0.05

# = [1+ 1.00(1 = zsm)]

# = +0.30ASW(1)

0 = [1 - exp(--O.lOP)] +0.0108R, Stocking rate (SR) (sheep equiv.)

*” = Base temperature at 0°C

# = Ar or below ASW 0.08

#* = [1+1.00(1— AT: PT)]

#0 = 4+0.45ASW(1)

#1 = +0.30ASW(1)

#? = [1-exp(-0.10P)]+ 0.030SR
#7 = [1 - exp(~0.10P)] + 0.020SR
#* — At or below ASW 0.10
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Appendix 2. Description of soil at Big R dge 2.

Locatiore Pit sbove Plet 1, BigRidge 1, "Chiswick”, Armidale, NSW

Described by: Kerry Groeenwr od

Date: 12/12/93 .
Classificatiorc - Nortt cote Key: Db4.22

Great Soll Group: _? Grey podzollc
U.SD A. Classification: ? '

Horizon Depth (cm)  Mcrphology

A1 0-24 Brownish black (7.5YR 3/2) clay lcam, fina sandy;
fevr, fine, distinct red mottles; wesk, 20-50 mm
subangular blocky peds parting to maderate, 2-5 mm
polyhedral peds; rough ped fabric; fine cracks, few,
very fins macropores; very weak carsistancs
{moist); common, fine manganifarcus nodules.
Aburdant, very fine roots. Fisld pH 5.5.

Smzoth and gradual ta:

A21 24-27 . Brownishgrey (7.5TR 4/1) loamy clay; few, fine,
distinet red mottles; weak, 1Q-20 mm subangufar
ble:ky peds parting to modsrate, 2-5 mm subergular
blocky peds; rough ped fabric; fine cracks, few,
very fine macropores; very weak consistence
(maist); many, fine manganifercus nocules.
Abundent, vory fine roots. Fisld gH 6.0.

Smecth and gradual to:

A22 37-5) Breen (7.5YR 4/3) light medium clay; very few,
reecium, mederately strong, dispersed, subangular
pebiles; weak, 10~20 mm subanguler blocky peds
garing to moderate, 2~5 mm subergular blecky
pecs; reugh ped fabric; fine cracks, few, very fine
mecropores; weak consistence (moist); meny, fine
ferromangrniferous nodules. Many, very fine roots.
FieldpH 6.5, :

Wavy ad abrupt te:

B21 50-8.. Brown (10 YR 4/4) medium heavy clay; commen,
tine_ distinct red mottles; strong, 50-100 mm
prismatic peds parting to strong, 20-50 mm angular
bloccy peds, smooth ped fabric; marry, prominent
stress cutans; fine cracks; very strong consistance
(dry); meny, medium fer romanganiferous nodules.
Marty, very fine roots. Field pH 6.0.

Smeath ard gradual te:

B22 88-12(+  Brown(7.5YR 4/4) medium heavy clay; many, fins
faint crange mottles; strong, 50-100 mm prismatic
"peds parting to strang, 20~-50 mmengular blocky
peds, smosth ped fabric; many, prominent stress
cutars; fina cracks; very strong consistenca (dry);
comeaon, medium fer romangan|ferous nodules.
Cormrnan, very fine roots. Fleld pH 7.0.

Co n{:d,f .
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Location: Pit at {ower end of Plot 4, Big Ridge 2, "Ctiswick®, Armidals, NSW

Describsd by: Karry Greaenwood and Jans!le Dougla:

Date: 25/3/94

Classification:

Northeots Key: Dy5.42
Great Soll Group: 7 Lateriti: podzlic
U.S.D.A. Classification:

Horizon

Depth (em) -

Morphology -

A

A2q

B2

B22

B23

0-16

16-26

26-47

47-105

105-180+

Greyish brown (7.5YR 4/2) clay leam; moderats,
20-50 mm s 1bangular blocky peds parting te 2-5
mm subangul.ir blocky pads; rough ped fabric; many,
very fins mecropores; weik consistance (modsratsly
moist); few, 1ina manganifareus nodulss. Abundant,
very fine roo's. Fisld pH &.5.

Smooth and ¢l =ar tx

Lightgrey (7 5 YR 5/3 -moist, 10YR 7/1 - dry).
clay lcam, ser dy; moderats, 10-20 mm subengular
blocky peds p rting to 2-5 mm subangular blocky
peds; rough p«d fabric; few, very fine mecropores;
very firm consistsncs (dry); many, medium
forromengani:erous nocules. Many, very fine roots.
Field pH 6.0.

Smeoth and gr cual e

Greyish browr (5YR 5/2) light medium clay;
commeon, fins, distinct, rec mottles; moderats, 10-
20 mem subang Jker blocky »eds parting to 2-5 mm
subangular blccky peds; rough ped fabric; few, vary
fina macroper s; very firm censistencs (dry):
common, fing {arramangan ‘ferous nodules. Many,
very fins reot:. Field pH 6.5.

Smooth and gre ual to:

Ironstons laye: with meny, fire, distinct, red
mottles; moder ats, 5-10 nm subenguiar blocky peds
(7)), rough pec fabric; few, very fins macropores;
strong consistencs (dry); very many, medium

fer romanganif irous nodules. Few, very fine roots.
Fisld pH 6.0.

Wavy ndgradal

Yellowish brovn (10YR 5/8) heavy clay; few,
coarss, promir ent, grey colour patterns due to
blological mixing of soll materlal from other

hor Izons; strorg, 50-100 mm subangular blecky
peds parting tc 20-50 mm subangular blocky peds,
smooth ped fab “Ic; many, prominent slickensides;
strong consist:ncs {dry); few, medium

. ferromenganif- rous nodules. Few, very fine roots.

FlOldpH7.0. - :

[ Gy s pictestic
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Appendix 3. A summary of regression aialysis: (Y = a + bx; Y = a + bx + ¢V x ) obtained with

the standard disc pasture meter in the Big Ridge 2 experiment, 1995.

Season/date  pasture type rn ra as az by bz c n Y1 SE Y2 SE Fratio Freqd P <0.05

sum/21 Feb degraded 0.82 0.82 786 5227 67 188 -1234 289 387 0.89 10.06
phalaris 0.81 0.82 717 1675 87 163 -384 215 412 1.26 10.07
WC+Phal 0.82 0.83 532 1754 93 182 -320 186 335 1.02 10.05

sum/21 Mar degraded 0.81 0.82 698 5925 75 206 -1664 3 262 300 0.05 10.09
phalaris 0.83 0.88 915 17548 60 673 -6451 245 236 1.31 10.09
WC+Phal 0.90 0.90 1239 2922 49 110 -645 175 197 0.16 10.09

Aut/27 Apr degraded 0.89 0.89 2266 2884 44 62 -224 1 420 457 0.06 6.58
phalaris 0.88 0.88 651 824 83 91 77 336 359 0.01 5.59
WC+Phal 0.89 0.91 425 2375 73 164 -882 388 364 225 5.32

Aut/27 Apr phalaris 0.90 0.91 734 1435 80 112 -309 281 296 0.20 5.59
WC+Phal 0.92 0.95 441 2368 75 164 -872 324 285 3.56 5.32

Win/24 May degraded 0.82 0.82 1726 385 83 39 507 930 281 0.19 5.59
phataris + 0.86 0.91 823 -1865 93 -37 1237 566 490 3.67 5.59
WC+Phal

Win/3 Aug degraded 0.93 0.93 1379 1049 59 48 125 377 402 0.04 5.59
phalaris + 0.95 0.95 883 582 121 99 169 224 237 0.11 5.59
WC+Phal

Spring/8 Sep  degraded 0.97 0.99 1532 -1080 55 0 795 314 205 13.23 5.32
phalaris + 0.93 0.93 362 223 132 120 83 196 202 0.02 4.55
WC+Phal

Spring/28 Oct  degraded 0.89 0.90 1820 4 58 8 622 395 402 0.69 5.32
phalaris 0.85 0.87 1305 -120 59 -3 629 426 428 0.93 5.59
WC+Phal 0.83 0.96 1594 -3616 66 -181 2333 334 181 17.90 597

Sum/5 Dec degraded 0.94 0.94 2047 2595 55 64 -143 2 484 515 0.05 5.59
phalaris 0.61 0.87 1856 -5797 34 -135 2335 665 405 14.52 559
WC+Phal 0.94 0.95 1406 3946 51 108 -796 427 402 2.05 5.59

I = Correlation coefficient for linear regression

) = Correlation coefficient for curvilinear regression

a = Constant for linear regressioa

a = Constant for curvilinear regrzssion

b, = X - coefficient for linear regression

b, = X - coefficient for curvilinear regression

C = Correction factor for curvilinear regression

n = No. of sample rejected

Y,SE = Standard Err. of Y Est. for I near equation
Y,SE = Standard Err. of Y Est. for carvilinear equation

* = + sign across the treatment indicates not a significant different between the two
pasture types, and so the same equation was ased for both the treatments

Y = Yield of herbage mass (DM kg ha") and,

X = Settled height of disc (cm)

NB: Significant (P<0.05) F ratios indicate use of curvilinear model and non-significant

inevitably for linear.



