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1.  Summary

Methane production by ruminants in New Zealand (sheep, beef cattle, dairy cattle,
goats and deer) was estimated using a mathematical model of rumen digestion (Baldwin
et al., 1987) interfaced with estimates of livestock numbers. Input required by the model was
diet composition and feed intake.

New Zealand was divided into climatic regions that contained similar pasture species,
growth patterns and thus pasture composition. Each region (North, East, Central and South)
was classified into Immproved, Unimproved and Tussock grasslands and livestock allocated
to these in line with acceptable stocking rates. Models of livestock movements within a year

were developed for each animal and land class.

Food dry matter intake for each class of livestock was calculated from estimates of
feed requirements and diet digestibility.

Total methane production from ruminants was estimated to be 1.50 Tg per year:
58.4% sheep, 20.7% beef cattle, 17.7% dairy cattle, 2.0% deer and 1.2% goats. There was
considerable seasonal variation in methane production in the order Spring > Summer >

Autumn > Winter. Dairy farming appears to be more efficient in terms of methane

production than sheep or beef farming.



2.  Introduction

Methane has been identified as a gas which has a 20 year global warming potential
63 times greater than CO, per kg of gas (IPCC, 1990). The 1980 concentration of methane
in the atmosphere was 1.72 ppmv (compared to 353 ppmv for CO,), however its rate of
increase is about 1.0% per year, being approximately twice that of CO, (IPCC, 1990).
Atmospheric methane arises from many sources such as land fills, swamps, paddy fields,
seepage of natural gas and ruminants, however this report will concentrate on estimating the
contribution from ruminants in New Zealand.

Methane is a product of anaerobic fermentation in both the rumen (c.90%) and the
caecum (c.10%). Hydrogen ions liberated during the digestion of carbohydrates, proteins and
other dietary constituents are utilized by methanogenic bacteria to produce methane. While
this process is beneficial in maintaining a satisfactory environment in the rumen it is
inefficient in terms of nutrient utilization because approximately 8% of gross energy is lost
as methane. Thus while ruminant nutritionists have been interested in methane reduction for
many years in terms of efficiency, interest in its reduction for environmental reasons is a
reasonably new phenomenon.

The present study was undertaken to try and obtain an accurate estimate of methane
production from New Zealand’s ruminants. Previous estimates, based on methane production
per animal as a % of energy intake, have indicated that total methane production may lie
between 1.10 and 1.56 Tg/year (Fennessy, 1989; Lassey er al, 1990; Hollinger and Hunt,
1990; G.C. Waghorn, pers. comm.). In the present case, methane was estimated using the
mathematical model of ruminant digestion of Baldwin er al (1977). The model computes
methane production by integrating the stoichiometries of the relevant biochemical reactions

occurring in the rumen during the process of food degradation and microbial growth. The
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approach attempts to be mechanistic rather than empirical. The model requires as input the
dry matter intake and the chemical composition of the diet consumed by the animal under

consideration. The numbers of each class of ruminant livestock and their variation during the

year were also required.

3.  Calculation of methane production

3.1 Vegetation classes

The rumen model requires as input data on the chemical composition of the diet. For
this reason it was necessary to divide New Zealand into climatic regions that contained
similar pasture species, growth patterns and thus pasture composition. These areas were
defined (Fig. 1) as North (characterised by warm summers, mild winters and an even
distribution of rainfall through the year), East (dry summers with mild to cold winters),
Cen.tral (mild winters and mild summers with even rainfall distribution), and Sourk (cold
winters, mild summers with even rainfall distribution). Within each of these regions land was
classified as Improved, Unimproved and ITussock (Appendix 1) by combining vegetational
cover data (Newsome 1987) with the Local Territorial Authority Boundaries extracted from
the DSIR Land Resources Geographic Information System database. This output defined
areas for each of the three vegetation classes within the 103 county/urban regions defined by
the Department of Statistics. Livestock were distributed to land class within each of the 103
statistical districts and these numbers were in turn aggregated into 22 geographic zones which
were then converted to the four major geographic regions (Fig. 1). Table 1 gives the 10 final

aggregations of land class x region.
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Table 1. The ten land classes used to indicate pasture growth regions in New Zealand.
North East Central South
Improved X X X X
Unimproved X X X X
Tussock - X - X

3.2 Livestock numbers

Animal data from the New Zealand department of Statistics 30 June 1990 census were
used, totalling 57,852,192 sheep, 4,600,703 beef cattle, 3,463,802 déiry cattle, 1,062,900 goats
and 976,290 deer. Feral deer and goats were estimated (Dr J Parkes, Forest Research
Institute) to be 250,000 and 587,000 (including 50,000 Thar/Chamois) respectively. Feral
animals were each treated separately from farmed animals.

Census data were classified into Breeding stock and Other livestock for sheep, beef
and dairy. Only ‘total’ numbers were available for deer and goats. Fourteen classifications
(see Appendix 2) within each of the geographic zones detailed the number of each animal
species on different Farm types.

Livestock were allocated to land classes to reflect typical farming practices within
constraints of acceptable stocking rates for each land class. An example of this procedure,
as used in the Northland zone is presented in Appendix 2. As the areas of tussock in the
North and Central regions were small, no animals were allocated to this class, but instead to
unimproved land.

A model was constructed for each animal type on each of the 10 geographical and

vegetation classes. The model described the movement of animals within a year and included
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transfers due to birth, slaughter and age. Assumptions made in developing the models are
given in Appendix 3. One of the models (sheep for East improved grassland) is gi.vcn as an
example in Appendix 4.

When interfacing livestock numbers with the model it was calculated that 2060 model
runs would be required to estimate methane production for all livestock classes, all land
classes and for every month of the year. It was decided that little reduction in accuracy
would result from calculating on a seasonal rather than a monthly basis and this aggregation
reduced the number of model runs to 560. Seasons are therefore defined as Winter (Januarsy,core

July, August), Spring (September, October, November), Summer (December, January,

February) and Autumn (March, April, May).

3.3 Estimation of food dry matter intake (DMI)
Intakes of the various classes of animals were derived on a monthly basis using the
equation:

DMI = R/NV

The feed requirements (R; MIME/d) of every class of animal were obtained by
assuming average liveweight change curves for mature females or liveweight gain curves for
growing and fattening stock (Scott et al, 1980). ME is metabolisable energy. From these
curves were obtained requirement allowances for maintenance, growth, pregnancy or lactation
calculated for New Zealand conditions for sheep and cattle (Ulyatt et al, 1980), deer
(Fennessy and Milligan 1987) and goats (McCall and Lambert 1987). Nutritive values (NV;
MIME/kg DM) were either taken from published values (e.g. Ulyatt et al, 1980) or calculated

from the equation:

NV = GE x DE x (ME/DE)
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Where GE (gross energy) was assumed to be 17.57 MJ/kg DM, DE (proportion
digested) was a variable and ME/DE was 0.80. NV was thus determined by digestibility
which was estimated on a monthly basis, for each type of animal, on each land class within
each region. An example of a set of calculations for a mature dairy cow in the North
improved land class is given in Appendix 5. It was assumed that the food selected and
consumed by the animals was of 2% higher digestibility than the pasture available.
Allowance was made for standard management practices, e.g., beef cattle were used to clean

up summer, autumn and winter pastures by forcing them to eat material that had seeded or

was dead. Food intakes were aggregated into seasonal means.

3.4 Food composition

The rumen digestion model of Baldwin et al, (1977) requires that food composition
be specified in terms of _13 main components: soluble carbohydrates, organic acids, pectin,
starch, lipid, cellulose, hemicellulose, soluble protein, insoluble protein, non-protein nitrogen,
lignin, soluble ash and insoluble ash. Data was assembled from a number of published and
unpublished sources and an average composition was specified for each of the major classes
of pasture species for spring, summer, autumn and winter. Improved pastures were assumed
to be mixtures of perennial ryegrass (Lolium perenne) and white clover (Trifolium repens)
while unimproved and tussock grazing were assumed to be mixtures of browntop
(Agrostis tenuis), white clover and dead matter. It was also assumed that during winter dairy
cows consumed a mixture of 60% improved pasture, 20% silage and 20% hay (AM Bryant,

pers. comm). In the absence of any data, dead matter was assumed to have the same

chemical composition as barley straw.
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All these components of the diet were individually entered into the rumen model and
methane production predicted. When the two grasses, perennial ryegrass and browntop, were
tested over the four seasons it was found that the only significant difference occurred in
summer composition. For this reason a mean composition was taken for each grass for
spring, autumn and winter and designated "other" (Appendix 6). White clover did not differ
significantly between seasons in composition or methane production. Compositions of the
individual components of the diet are ;given in Appendix 6.

The botanical composition of the pastures and therefore the composition of the dry
matter consumed are known to vary with season, although the data available are both variable
and unreliable. This is partly because the techniques used to measure pasture growth and
composition do not necessarily reflect the composition of pasture available to the grazing
animal, and partly because measuring diet selection with animals is very difficult. To try and
overcome these problems pasture compositions chosen for simulation studies were based on
the authors’ experience and by consultation with other scientists experienced in this area.
Various mixtures of pasture components were chosen to represent pasture selected during the

seasons of the year. Some examples of these are given in Appendix 7.

3.5 Rumen digestion model

The mathematical model used to predict methane prgduction in the rumen (Baldwin
et al, 1977; Murphy et al, 1986; Baldwin et al, 1987) requires the intake of the 13 main
chemical components to be specified. The model predictions are based on known
stoichiometries of food degradation and microbial growth. The relatively large number of
chemical components are necessary because they either produce unique stoichiometries or

affect the physico-chemical milieu in the rumen. Fortunately, one of the authors (MJU) was
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involved in the model development and so appropriate compositional data were available for
New Zealand diets (Appendix 6).

The accuracy of the model in predicting both methane production and digestion in
general needs examining. A test set of data was taken from the literature, where animals
were fed a wide range of diets of differing composition and food intake and methane
production were measured. These data were used to test the model’s ability to predict
methane. Fig. 2 presents a plot of methane production predicted by the rumen model plotted
against values observed in the test data. Figs. 3 and 4 present similar comparisons where
methane was predicted by the equations of Blaxter and Clapperton (1965) and Moe and
Tyrrell (1979). The latter two equations are commonly used to predict methane production.
(Note: the authors apologise for the units used, however, these do not influence the
comparisons). There is a bias in the model predictions: predictions are high at low observed
methane and low at high observed methane. Statistical analysis of all predictions showed that
when residuals were plotted against predicted methane, there was more bias with the Blaxter
and Clapperton (1965) and Moe and Tyrrell (1979) predictions than the rumen model
predictions. However, the methane prodL;ction values generated by the model for the New
Zealand diets (which are all high quality) fall between 0.09 and 0.11 kcal/kcal DE, the region
where the model predictions are most accurate.

Model prediction of metabolisable energy/kg feed is compared with observed values
in Fig. 5, showing that the model predicts overall digestion very well (P = 0.99).

The rumen model was not originally developed to predict methane production. It is

currently being refined at the University of California, Davis to better represent methane

production.
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4.  Methane production by ruminants in New Zealand

4.1 Total methane production
Total methane production in the current exercise was calculated to be 1.50 Tg/year
(Table 2). This is within the range of values calculated by other methods (Fennessy 1989;

Lassey et al, 1990; Hollinger and Hunt, 1990; Waghorn, pers. comm.). We believe our
c{f 'J/«(‘_ “’,{ e '-";_»"F';.'h-c Pl o
estimates arc/{ljghef because our data.on livestock numbers throughout the year are more
aS

accurate than those used in other studies.

Table 2. Seasonal methane production by ruminant animals in New Zealand (tonnes x
10%).

SEASON DAIRY SHEEP BEEF DEER GOAT TOTAL
WINTER 36.9 202.0 57.1 6.7 4.2 306.9
SPRING 76.3 258.3 93.7 7.1 4.1 438.5
SUMMER 84.5 238.0 87.8 9.2 4.8 4243
AUTUMN 68.4 177.9 72.8 6.9 4.4 330.4
TOTAL 266.0 876.2 310.3 29.9 17.5 1,500.1

Dompti ) 20,0 6.’

E/(kalbil 2 76 8 1S 6 /’4 2'—",'{—2 '9/‘”6;'; J— - £/ - : (i€

4.2  Seasonal variation in methane production
Table 2 shows that there were considerable seasonal differences in methane production
in the order Spring > Summer > Autumn > Winter. This is predominantly a reflection of
animal numbers and the increased food intake associated with lactation. There was some
difference between animal species, with peak methane production occurring in summer for
dairy cattle, deer and goats and in spring for sheep and beef cattle. Seasonal variation is
_ presented in graphical form in Fig. 6.

) U oo He b U o Oy v coflrtlled oo pootont by /mwz' c.(:u/ﬁ,‘n'& [ belwid ey )
2 0 o hess Bl ery b ol e frrend e ferl darrfgot, ([ heliv] wrreek )
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4.3 Variation between animal species in methane production
There was considerable variation between species in methane production (Table 2).
Sheep produced 58.4% of total methane followed by beef cattle (20.7%), dairy cattle (17.7%),

deer (2.0%) and goats (1.2%). This result can also be seen graphically in Fig. 6.

4.4 The contributions of farming type to methane production
The two main farming systems used in New Zealand are mixed sheep with beef, and

dairying. On this basis the sheep and beef systems produced considerably more methane than

did dairying (Table 2, Fig. 6).

4.5 The contribution of land class to methane production

Improved land accounted for the largest portion of methane production, followed by
unimproved land with a minor contribution from tussock (Fig. 7). This distribution occurs
because improved land is the largest land class and because stocking rate was- higher on
improved land. In other words, it was largely a reflection of animal numbers.

4.6 Methane production from breeding versus dry stock </_’f -

Fig. 8 demonstrates that breeding stock produced most methane. The only exception
on an animal species basis was with beef cattle where fattening stock produced more methane
than breeding stock. This is due to animal numbers and is reinforced by the fact that a large
proportion of male dairy calves are transferred into beef farming. Breeding stock had a high

methane output because of their increased food intakes during late pregnancy and lactation,
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5 Conclusions
5.1 Reliability of the model estimates of methane production

The quality of the data used in the study was variable. The data on livestock numbers
and their changes through the year are accurate. New Zealand collects and processes
agricultural statistics annually, something that very few countries do. Our colleagues in the
US, who are working on similar data to predict global methane from ruminants believe the
New Zealand livestock data are the best in the world. This is important because livestock
numbers are probably the most significant determinant of total methane production.

The animal requirements for nutrients used in this study, derived from Ulyatt et al,
(1980), McCall and Lambert (1987) and Fennessy and Milligan (1987), are based on
experimental data and are regarded by the authors as being accurate for New Zealand’s
pastoral agricultural system.

The data on the chemical composition of pasture species and other diets have also
been derived experimentally under New Zealand conditions and are regarded as being
adequate.

Estimates of the digestibilities of pastures were required to predict food intake. As
few NZ measurements of digestibility are available for the wide range of pastures used for
the various land classes and regions, many values had to be estimated.

Similarly, the botanical composition of the pasture selected by the animals had to be
estimated due to the extremely small amount of experimental data available. The available
data suggest that animals select food that is of much higher quality than that on offer. This
argument applies to digestibility as well as the chemical composition of the diet selected.

Finally, the rumen model is itself still being evaluated for its accuracy in predicting

methane. Its accuracy will almost certainly improve as the model is refined.
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Given the caveats stated above, we believe the data presented in this study to be a
good approximation of methane production by ruminants in New Zealand although sensitivity
analyses are still required to refine the estimates. All previous estimated values are based on
the assumption that methane production is 6 to 8.5% of gross energy intake. The model
predicts methane from biochemical transactions and is thus a totally different approach. The

fact that both methods give similar predictions gives us confidence in our predictions.

5.2 Methods for reducing methane production from ruminants
Generally we agree with the options reported by IPCC (1990). Other than reducing
livestock numbers, an option that is politically and economically unsustainable in
New Zealand, most promise would appear to be in the area of improving the efficiency of our
pastoral systems. Supplementation, use of feed additives to modify rumen microflora and the
use of hormones such as bST are theoretical possibilities but these have limitations such as
the cost and efficacy of application in a low-cost pastoral environment. bST has the added
problem of consumer acceptance. However any methods that increase the intake of digestible
nutrients per animal and thus lower the proportion of the diet that is used for maintenance
will result in increased food conversion efficiency and lowered methane. In particular,
research should be conducted into methods of alter{ng pasture quality to increase intake.
The FOB values for all sheep, beef and dairy products in 1989/90 were $B3.513,
$B1.370 and $B3.906 respectively (NZ Meat and Wool Board’s Economic Service). In terms
of methane production per dollar earned sheep, beef and dairy cattle were 0.249, 0.227 and
0.068 (kg/$) respectively. In other words dairying was approximately 3.5 times more

methane-efficient than sheep or beef farming in 1989/90. There is considerable scope for

improvement with sheep and beef farming.
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5.3 Global estimates of methane production

Many estimates of global methane production from ruminants have been made (e.g.
Reuss et al, 1988; IPCC, 1990). In our view these tend to be low because estimates of
livestock numbers and requiremeénts are very poor for many countries. These estimates
contrast with those from New Zealand which indicate relatively high values. It would be
unfortunate if New Zealand were penalised because its estimates were high but accurate,
compared to other countries whose estimates were low but very bad. We should not be
penalised for being accurate.

Similarly, ruminant methane production per head of NZ human population calculated
from the present study was 438 kg. However, we export approximately 80% of our ruminant-
based products. We would argue that our population base should be expanded at least five
times to account for all the consumers of our products. On this basis methane production
would be 88 kg per head of population per year. No data are yet available to describe
methane production from ruminant faeces. In the NZ environment this is likely to be

substantially less than in the northern hemisphere where animal waste is collected and stored

for long periods allowing anaerobic fermentation to proceed.
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\ppendix 1
a) Definition of land classes.

MPROVED grassland is characterised as " _exhibits a healthy appearance with vigorous green growth for most of the year,
esulting from a selected blend of pasture species....Grazing management is intensive with medium to high stock densities,
clatively smaller paddocks by comparison with unimproved pasture and a tendency towards rotational grazing".

‘Newsome, 1987).
JINIMPROVED grassland is an aggregation of several grassland vegetation classes described by Newsome (1987), generally
epresenting hill country pastures and grazed lowlands which which have not been developed. As much of the Unimproved
and contained weed and scrub vegetation, weighting factors (below) were applied to each of the various component land
slasses to reduce the land area to the apparent area actually grazed.

TUSSOCK grassland comprised Short Tussock, Snow Tussock and Red Tussock grasslands and associated scrublands.
Neighing factors (below) were used to derive the apparent grazed area of Tussock grassland.

b) Vegetation cover classification and weightings used to estimate the true area available for grazing.

| Vegetation Class Land Class Area Weighing
Pasture/Horticulture/Orchards I 0.5

| Improved pasture I 1.0

i Unimproved pasture U 1.0

| Short Tussock T 1.0

' Snow Tussock T 0.25

| Short+Snow Tussock T 0.25

1'. Red Tussock i3 0.1
Grassland/mixed scrub U 0.688
Grassland/Leptospernum scrub U 0.6
Grassland Cassinia scrub U 0.6
Tussock/subalpine scrub T 0.1
Grassland/Dracophyllum scrub U 0.25
Grassland/gorse U 0.6
Grassland/matagouri T 0.6
Grassland/sweet briar/matagouri T 0.6
North Island Pasture/forest I 0.5
South Island Pasture/forest T 0.5




21

0 0T 06 T986 0 0T 06 0sLe cHIHIO
0 06 0T 9vvZ 0 08 0¢ S00T (SuoTjelueTg
0 09 (0374 FARR ¥4 0 oL 0€ €92S1 9{P03SOATT POXTN
0 09 ov 621 0 0S 0S S¥ c3eon
0 0T 06 Ly L 0 0 00T €8¢ «I28(Q
0 0c 08 Z6T6T 0 0s 09 VISL yX2U30/ 3o9g
0 02 08 920%9 0 0¢ 0L G899T ,doous/ goog
0 0T 06 L9S 0 0T 06 88 ,I2U30/ d32ys
0 09 0F 9EW6T 0 09 0b £€GTET yJo9d/ dasys
0 0¥ 09 280S2 0 0¥ 09 880L ¢ 1AITep AT3ueUTWODPaI]
0 0s 08 L8I9TTZ 0 0s 0s 682E8 Foeq AT3ueuTWOopaIg
0 0S 0S 00LY 0 0S 0§ 9221 (dosys ATjueutwopaxg
0 S S6 GGEVE 0 S S6 82Z87% A1ddns Azo010e3
0 0 00T 128 0 0 00T 0T HATTW uMog
b n% 1% J3g4g I3 0% I% SMOD TAXL WaYJ
YFHIO "ON Jd"FEE "ON
0 0 00T SS9 0 08 0S ¢TITT +JJHLO
0 06 0T 0S¢ 0 0S 0s PLL ,SUoTIe]jURTd
0 oL o€ L86T 0 0s 0S 088T ,{D0ASDATT POXTIR
0 0 00T € 0 0 00T Z Ral-Tol5)
0 0 00T €S 0 0 00T 9¢€ , 1930
0 0T 06 88%1 0 0T 06 8TTT ,I9Y30/ J29g
0 0 00T 78 0 0 00T L Jo9us/ I9°g
0 0 00T €0¢ 0 0 00T 66T ,I9y3o/ deays
0 0 00T 8LT 0 0 00T 8L yFooq/ deauyg
0 0€ oL EYTIOT 0 g S6 £5022C : AITepP ATjueuTWODPSIg
0 0s 0S LI9E 0 0s 0S LTIT 1F99Qq ATaueutwops1g
0 0 00T T 0 0 00T L deeys ATjueutwopsag
0 S S6 SEEBE 0 S S6 00vIZZ 1A1ddns Xzo30eg
0 0 00T CCLT 0 0 00T LOTY ATTW umog,
L% 0% I% PRIOA {4 L% ng 1% SMOD FdXLL WIS
YIHLO ~ON XdIV¥a " ON

@

(puetsserb xoossni=1 ‘pasoxdurtun=n ‘pasoxdurt=T)

"PURT 3O SSBTD UdE@ 03 PIJeDOTTR SSBT2 Tewrtue yoes yo abejusoxad ayj pue 066T 2UNL Qf 1° SISQUAU TPWIUER DUOZ PUBRTYIION

Z xtpusddy



22

cswiey butddoao
AT3ueuTwopsad uo pue SY2O0TQ TRINITNDOTITIOY UT BUTZeIB XDOISSATT

*suotiejueTd uT Surzeab Yoo03sBATT
*$TG6< $93nQTIUOD A3ITATIOE BUO ou
butpraczd ‘swoouT wiey ssoxb Jo 30¢< 03 wns sjusuodwoo aIOW IO OMJ

‘asTIdIsjus buTtwIes
3yl Jo 3usduodwod STYl WOIJ POATISP SWOOUT wIeI ssoxb Jo 007

‘asTadxajus butwIrey

P2ATISP BWODUT wIeI SSo0Ib JO %5p-0Z
*asTxdisjua Butwiey

343 JOo 1uauodwod STYI WOIJ PIATIBP SWODUT wie] ssoIb Jo $5L-TG
*so7I0bo3en A1ddns Aio3oeg

pue YTTW UMOL UT JI0J pa3junood® asoyl sapnioxa adAj-wrel siyL
*8sTIdI9qus bBuTwIeI aYy3

Jo 1uauodwod Tedyoutid STY3 WOIJ POATISP SWODUT WIR] ssoib $G.2

2yl 710 2usuodwod STY3l wWoIJ

0 0 00T 928T 0 0 00T 09¢ fJIHLO
0 06 0T L6T 0 0 0 0 ,SuoT3vlueTd
0 oL 0¢ L6VET 0 02 08 8182 9 AOOIASDATT PIXTW
0 0S 0§ 6GST8 0 0 0 0 ¢1B09
0 0 00T LYT 0 0¢ 08 6GES I93a
0 oL 0¢ 8G6G6 0 0 00T 70T yIPU30/ Fo°d
0 0z 08 6GVIT 0 0 0 0 ydesus/ 3oeg
0 0z 08 9€2T 0 0 00T 0€ »212U30/ dosys
0 06 0T 8907 0 0 00T 19 ,Jood/ dasys
0 oL 0€ €29V 0 0z 08 6961 z tAITeP AT3ueuTWOPa1g
0 oL 0€ 888€T 0 0 00T 691 1F9°q Ar3urutwopaig
0 08 0S AXAN 0 0 0 0 d92ys AT3jueutwopszg
0 0L 0€ 9806 0 0 00T 029 A1ddns Ax070e3
0 0 00T v 0 0 00T 99 HMTTU umog,
L% N% I% SLY0D L% nsg I% badda ddXL WIYJd
*ON “ON
0 0T 06 TI8L 0 0T 06 ¥9T6T sdJHIO
0 06 0T 800€E 0 06 0T rAZAS ,SuoTiejuetd
0 oL 0g T6ELS 0 09 ov 886EVT s{DO0ISOATT POXTINW
0 08 0¢ €6T 0 oL o€ 96€ Rad-ToT)
0 0T 06 - TLL 0 0cC 08 89T I93Q
0 oc oL TS0S 0 0€ oL LY66 »I2U30/ Fo°d
0 0¢ oL €296¢21 0 o€ oL LTVELZ ,do2Us/ . Jo9g
0 0¢ 08 OLLL 0 0¢ 08 LOSET »19U30/ doays
0 08 02 80LLE 0 08 02 0 ,Joeg/ dasys
0 08 0s T89€ET 0 0§ 0§ €6V E z AITRP AT3ueRuTWOPaIg
0 0s 0s £66S¢ 0 08 08 79S8Y 1399q AT3ueurwopaig
0 oL 0€ ZLEGE 0 oL o€ TZ8€E0T doeys ATjueutwopaig
0 0€ oL 2€09 0 0g oL 6T9LT A1ddns Kxoqoeg
0 0 00T € 0 0 00T s8¢ HATTW umoy,
L% 0% I% dE3FHS L% ng I% SEMI FIXL WOvd
YHIHLO °ON

ONIQIEyde -~ON

(penuT3iuod, z xTpusddy)
i



23
Appendix 3

Assumptions that were made in the estimation of stock numbers within various classes during

the year.

1. Lactation was assumed to commence simultaneously for all animals within a species
within each of the 22 geographic ZONES. Peak parturition dates were obtained from animal
production specialists. Calving and lambing percentages (NZ Department of Statistics; NZ
Dairy Board) were used. Fawning was assumed to be 90% (NZ Deer Farmers Association)
and occurred in December. Kidding was assumed to be 120% and occurred in October. As
the number of animals lambing and calving in autumn was considered to be insignificant in
relation to the general farming patterri all animals commenced lactation in spring. ZONE
average lambing, calving, kidding and fawning percentage data were applied to each land

class within the ZONE.

2. 25% of heifer beef calves, ewe hoggets and doe hoggets were kept for selection of
replacements for breeding animals. Each year 20% of breeding stock were replaced. NZ
Dairy Board statistics provided actual percentages of animals kept, and later used for
replacements. 10% breeding hinds were replaced annually.

3. 10% of wether lambs were carried into a second year. All beef calves were carried into
a second year with replacement cows being transferred to the "breeding herd" as rising 3 year
olds. Dairy cow and hind replacements entered the breeding herds as rising 2 year olds.

4. No allowance was made for calf losses as calving percentage relates to the number live
calves at marking, the time after which few losses are likely to occur. Lamb losses after
docking were assumed to be 2% on IMPROVED and 4% on UNIMPROVED grasslands.

Natural losses of adult animals were accounted for in the "kill" data.

5. Total slaughter data (export and local trade) were provided by MAF Policy. From
these, the percentage of each class of animal killed each month within ZONES was
determined. These provided the pattern of kill data used in the animal numbers model, with
the exception that no lambs were killed until the fourth month after lambing.

The bobby calf "kill" on dairy farms included those males transferred to beef farms for
fattening. These were transferred in the month of birth. The same killing patterns for each
class of animal within a ZONE was used on IMPROVED, UNIMPROVED and TUSSOCK

grasslands.

6. Some non-lactating dairy stock were transferred from IMPROVED to UNIMPROVED
grasslands on dairy farms. Similarly some beef cattle were transferred from UNIMPROVED
to TUSSOCK grasslands. These minor exceptions along with the transfer of dairy beef
animals, were the only instances of animal transfers from one land class to another.

7. The number of ruminants in New Zealand at 30 June 1991 was the same as at 30 June
1990.
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Appendix 5§

Calculation of dry matter intake of Friesian x Jersey Dairy Cows - NEW ZEALAND NORTH.

Conceptus-free  Requirement M/D Dry matter ~ Seasonal average
liveweight! (MIME/d)*  (MJME/kg intake DM intake
(kg) , DM) (kg/d) (kg/d)
JUN 391 4s 10.4 43
gells 392 52 10.4 5.0 5.3
allG 404 68 10.4 6.5
SEP 380 139 10.8 12.9
st 378 158 11.1 14.2 13.8
O 381 158 11.0 14.4
P 389 153 10.8 14.2
Ll 397 138 10.5 13.3 13.5
FEB 405 131 10.0 13.1
Mo 406 119 10.0 11.9
APR 395 109 10.2 10.7 10.8
L 392 103 10.4 9.9

' Scott et al. (1980)
? From Ulyatt et al. (1980)
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Appendix 6
Chemical composition of the pasture species and other diets used to construct the
chemical compositions of pasture mixtures (Appendix 7).
Model Input White Browntop | Browntop | Perennial | Perennial Grass Barley | Perennial
Clover Summer Other! Ryegrass | Ryegrass Silage Straw® | Ryegrass
Summer Other! Hay
Soluble sugars 0.113 0.09 0.133 0.102 0.146 0.001 0.015 0.052
Organic acids 0.101 0.04 0.07 0.083 0.083 0.001 0.014 0.043
Pectin 0.112 0.01 0.02 0.015 0.015 0.001 0.011 0.035
Lactic acid 0 0 0 0 0 0.03 0 0
Lipid 0.036 0.03 0.055 0.056 0.066 0.02 0.019 0.036
Starch 0.03 0.01 0.01 0.01 0.01 0.001 0.01 0.01
Hemicellulose 0.053 0.21 0.133 0.173 0.106 0.25 0.323 0.222
Cellulose 0.142 0.272 0.202 0.259 0.183 0.331 0.353 0.289
Soluble protein 0.146 0.044 0.128 0.071 0.15 0.064 0.01 0.03
Insoluble protein 0.086 0.089 0.061 0.037 0.078 0.064 0.036 0.078
Non-protein N 0.024 0.015 0.023 0.012 0.025 0.032 0.005 0.012
Lignin 0.044 0.07 0.045 0.068 0.024 0.039 0.112 0.078
Soluble ash 0.056 0.06 0.06 0.057 0.057 0.065 0.046 0.057
Insoluble ash 0.057 0.06 0.06 0.057 0.057 0.065 0.046 0.058
Acetic acid 0 0 0 0 0 0.036 0 0

Total

1

1

1

1

1

1.

2.

"Other" indicates spring, autumn and winter.

It was assumed that dead material had a similar composition to barley straw.




27

0 0 0 0 0 0 L000 proe on0y
8500 LS00 6500 LS00 LSOO LS00 6S0°0 YSE 91qnyosuy
8500 LSOO 6500 LEO0 LSOO LS00 650°0 Use 9[qnjog
00 8500 0L00 900 7900 LZ00 8¢00 urusty
S10°0 6100 ¥S10°0 S100 S10C §a00 ¥20°0 N urjord-uon
€800 9500 9800 6¥0°0 6¥0°0 6L00 SLOO utato1d 21qnyosuy
IS0°0 Y01°0 €500 060°0 0600 6v1°0 601°0 urooxd 91qniog
L9T0 [AXAN] €970 0£T0 0€T0 LLTO 12740 9SOIN[IPD
9070 ILT°0 00T°0 er1o ey1°0 8600 8ST°0 9SO[N[IA0TWRY
100 100 100 S10°0 S10°0 €100 8000 [areig
0£00 3+0°0 0£00 1500 1S0°0 190°0 1500 pidry
0 0 0 0 0 0 %000 p1oe dnaey

£020°0 8100 0200 6200 6£00 0e00 9100 - UundRd
P00 6500 S$¥0°0 €L00 8800 9800 6500 SpIoE 21uRSIQ
$80°0 601°0 6800 Ie1°0 SO1°0 Iv1°0 8600 SIe3ns 2[qniog
0l Ppe2q

01

ISA0[D AMM S peag
08 0T Peod | OT IOAOID 9lUM | Q1 I9AO[D Q1AL ST I2A070 9IYM ST ISAO[D anym 0T Key
owumg 08 WO | S8 owung | 06 he1iTe) SL Jswumg 68 RY10 0z AZeqig

-dojumorg -dojumorg -dojumorg -dojumorg -SSeISaA1 Teruuareg -SSeIZoAt Teruuared | 09 Iswuim paaordury

Iawums JouM Jauwrums IUIM Idwums IUIM Jaumm

}o0Ssny, Jo0ssny, paaorduwmupny porordununy paaoxdury pasordury Areq

ur udA1g $910ads srnised i Furxiw £q pLlonIISUOD drom ASAYL

"SOTRI MO70q ap ur 9 xrpuaddy
Topow oy 103 ndur se pasn sarmxrw armised Jo saydwexs owos Jo uomsodwod Teoruay)

L XIptRddy



