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Host farm management problems are concerned with
the choice beiween alternative production plans with a
view to msximising income, minimising costs,or achieving
some ciner defined farming eobjective.

These problems can often be solved by the well
tried and simple method of - comparing buigets for various
alternative plans'touestabiish which plan comes nearest
to attaining the objective. = But when the number of
possible aliternatives becomSS'large,it is necessary to
use a more complicated7technique such as linear programm-~
ing with which we can explore the implications of a |
whole range of budgets in a speedy and systematic waye.

In this paper, Dr J.3: Stewart and ir P. Huthall
of the Farm Hanagement Department at Lincoln College,
presant the results of usihg linear programming to analyse
the outcome of alternative cropping and livestock systems
on the Lincoln College mixed croppring unit.

The paper does not give a detailed description of
the methods of linear programming. The aim is rather
to present the results, for it is felt that these will
be of interest to farm advisory officers and others.
concerned with farm management problems for whom the
paper has been expressly written.

Lincoln College Bs P. Philpott
L August {96L



PROGRAMMING A CANTERBURY MIXED FARM

ANATYSIS OF ALTERNATIVE CROPPING AND TIVESTOCK SYSTENS

ON A CANTERBURY PLAINS® ARABIE FARM

Farms on the medium and medlium-~heavy soils of the
Canterbury Plains are very versatile. They are capable
of growing a profitable rangs of cereal and pulse crops
including wheat, oats, barley, ryecorn, garden and
vartridge peas. In specific areas brassica seed
production is reliable and generally remunerative.

Small seeds productiocn is also characteristic of the area,
with ry=grass and white clover predominant, but with
cocksfoot and cther special purpose seed stands being
favoured in some areas. Potatoes provide additional
Tlexihility and intensity where the soll type is sultable.

The livestock sysitem ig generally based on fat
lamb production from Corriedaie, Three-guarter bred,
o Romney ewes. These fleocks are ususlly maintained
by purchase ¢f hill-country cast-for-age or cull
two-tooth ewes, or ocecasionally ewe hoggets. The
breeding of replacement ewes is noit common on this
class of properiy, as it is generally considered that

this resulis in a loss of flexiblility in overall
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management, Additional wversatility in sheep manage-
ment is conferred by the capacity of the farmer to
vary.his disposal policy. He may for example sell
ewes in-lamb in the early spring, or ewes and laubs
all=counted, or he may carry the lambs through %o
export welghts. He may also atiempt te get his dry
ewes,; and his early weaned ewes killed early, giving
increased scope for small seeds production, This
complementary relationship between small seeds and
sheep may be further exploited by the wintering of
Wethermhoggétsg and their disposal fat off-shears in
the late spring.

The possible acmbinatiéns of these enterprises
are innumerable, and that the choice probiem conlront-
ing the farmer on this class of property is cof
considerable significance, In making this cholee
he will be influenced by a number of criteria, which
nay include:-
1e the maximizgtion of short term profits;

2o the availability of labour, machinery, and
cperating capital;

3s the maintenance of the long-run fertility and
productivity of the farm, including the control of
disease, pests and weeds;

Le the compatibility of the progrémme with

managerial capacity and personal preferences,
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In the farm study which follows, the maximization
of profits has been tgken as the primary objective.
The melntenance of Tfertility and productivity is assured
by limiting the alternative systems considered to only
those‘which will satisfy this objective. Murthermore
it is assumed that the supply of managerial ability,
of machinery and opeérating eapital is sufficient for
any feasible programme, The question of labour

availability is reviewed later in the paper.

The Farm

The programmed farm is the Lincoln College
mixed=cropping unit. The avea of this property is
400 acres, of which 394 are effectively farmed. There
are three fairly distinctive soil types which, in
general farm management terminclogy, are classified
as heavy (58 acres), medium-heavy (202 acres) and
mediwm (134 acres)o(ﬂ) In general these solls have
the same cropping capacity, and may be farmed under
gimilar cropping systems, the basie differences being
in yields and in cultivation technigques. For the
purposes of this study these land classes have been

designated (1), (2) and (3) respectively. The

(1) Heavy. Temuka silt loanm
Medium-heavy. Wakanui silt loam
Medium., Templeton silt Ioam.



property which is all ploughable is subdivided inteo

23 paddocks ranging in area from 10 to 25 acres. It

is in a high state of fertility and is free from serious

perennial weeds. The fences and water supply are good.
The labour force is a working manager, a general

farm-hand, and a youth over the sumnmer period. Casual

labour is hired occasionally, at rush periods. There

is an adequate range of machinery for the current

farming programme, but the plant is not geared to

any substantial expansion in the area of potatoes.

Costs_and Returns from Individual Enterprises

| Before we can %nalyse alternative cropping and
livestock systems it 1ls necessary to examine the
prospective costs and returns from the individual
enterprises which will make up these systems. We
assume here that the only relevant costs are the direct
or variable costs which can be assigned to these enier-
prises. In the short term, fizxed eosts such as
depreciagtion, interest, rates, insurance and fixed
lagbour and machinery charges are irrelevant. They
will remain the same within the bounds of the alter—

native systems under consideration.(2) The difference

(2) For a fuller discussion see J.D. Stewart
"Planning for Profii". Proc. Linceln Cellege
Farmers! Conference 1963.



between the prospective gross returns per acre of a
crop and the.direet costs involved in producing it,
is the amount which this crop contributes to the
meeting of the overhead cests and to true profit.

Gross returns less direct costs is called the
"oross margia", or the "net revenue". We shall use
the former term. It is elear that if we maximise
this amount, we maximise profits (or minimise losses),
in the short run.

An example of the calculation of the gross
margin for an individual enterprise is nbw given.
This is for garden peas on the medium soil type of
the farm under studye.

Garden peas (ex old pasture)

Gross revenue (per ascre)

35 bus. at 18/~ £31 10 O

Direct costs

5 hours cultivation at 3/- 15 0
Seed, L bus. at 23/6 L 4L ©
Fertiliser 1% cwt at 9/8 12 1
Spraying 1 6 0
Harvesting 7 0O
Sacks 12 6
Cartage 16 8
Sundry , 3.0 9 & 3

Gross margin per acre(nearest shg.) £22 4 0

The costs and prices used are those ruling in

mid 1963, It should be kept clearly in mind that
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the culitivation, Spraying and harvesting cosits do not

()

include aay allowance Tfor the overheads on the equip-—

ment, or for the fixed labpour opsrating it. The
direct ccasts are net the "cosis of production”. They

arc the costs which the farm would pot incur if this
goere of peas was nol grown.

i

An examplie of th

6]

calculation of the gross

>

© a sheep enterprise ilg as Tollows:—

ey o
LA Y a3

o

vear fat-lamb awe flockij)

PO

Gross revenue per ewe (lambing 115%)

Lanbs 145 at 38/- net £2 3 8
Wool 10 ibs at 383 net 1144 8
Culil ewe % at £20/- 10 0 L 5 L4

gde uh fatg Awi et aj/m
Shearing at £7, 1“5/ o0
Crubching at £3.10s/400
Va ion, dipping =tc
lacement®

-.5._!‘_‘:‘

QWO OO

1 451

(GO

Poss margin per ewe (nearest shge) £ 212 0

It will bs noted that thewve are no Tsed cosis
charged against the sheep enterprise. These costs

(eage pasture, lucerns, hay) arse accounted for in an

(1) These Tigures were estimated prior to the 1963/L
lamb and wool selling season. However this 1is
nct a great disadvantage to the study, as a central
part of it has been to explore the effect of
variations in the prices used. Thus, provided
the starting point is reasonable, we can take
price variation into accounte.



indirect way, which will become clear as we proceed.
The basic procedure is to caleulate the direct costs
of producing the feed and then specify the feed
reguirements which become an indirect charge against
the sheep.

The results of the costs and returns estimates

for individual enterprises are given in Appendix 1.

Grouping of Enterprises

There are physical and biological inter-
relationships between individuval crops on the arable
fari. This often makes it difficult, and sometimes
illogiecal to consider these enterprises independentlys
For example, consilder the practice of undersowing
wheat crops with white clover, to produce s white
clover seed crop in the succeeding year. There are
some costs involved in this practice which are obviously
. joint costs. They can not be assigned completely to
either the wheat or white clover. Cultivation and
fertiliser costs come into this category;

Similarly, when we consider a rotation of pasture
and crops there are generally residual effects in
respect of plant nutrients, cultivation reguirements,
and perhaps weeds and pestse.

Because of these interrelationships it is



necssgary to study enterprise combination problems
from the standpolint of groups of interrelated anter-
prises, rather than the individual snterprises
themselves, In other words we want to find which
combination of enterprises will yilsld the greatest
profits

A practical way to group different enterprises
is to werk them out on the basis of feaslible cropping
rotations. A rotation then has its own land use
system, and one may ccmpare this and its related
tivestock programme, with other alternatives.

An exampia of a rodaticon and its corresponding

jand use systen L8 as foilows:

Green
Groazing ~-w Pasg —~—» Wheatb Barley -3 feed
,5 yrc \_9‘% Bé‘iI“ley /
White &—— Grassg € lew Cragsg &—- Summer
Clover sead fallow
seed

Agouming 203 acres of land, and 20 acres belng
ploughed out of grass sach year this would give the

following land utilization:—



Winter Summer
20 acs. ploughed 20 acs. peas
3¢ " wheat 30 " wheat
30 " barley 30 " barley
20 greenfeed 20 W summer fallow
20 new grass ' 20 " grass seed
g0 * grazing 20 " white clover sesd
60 " graging

We thus calculate the feed provided by this system
and work out a sheep programme to fit it. We then
have the basis of a budget, which can be compared with

the results derived from an slternative systen.

ethod of Analysis

The normal technique in farm mansgement analysis
for this kind of problem is comparative budgetings.
In most general farm management work this method is
adequate, particularly where the alternatives to he
considered are few. It is clear however, that under
the farming conditions we are considering there are a
very large number of possible cropping systems. In
addition there are a nﬁmber of alternative sheep
management systeﬁs. Therefore if we wish to carry
out a thorough exploration of the economics of this
large number of alternatives, comparative budgeting

would be extremely arduous.



10

The technique of linear programming permits us
to carry out this comparative budgeting procedure very
quickly, particularly with the aid of an electronic
computers Furthermore, oance the alternativés are
defined, and their reguirement of limiting factors
accurately specified, the linear programming routine
will sort cut the one solubtion which satisfies our
objective, the maximization of profiis. We shall
alilso see that it provides some useful additional
information.

Even electronic computers, however, are limited
in the size of the problem they can solve, They
are limited by the capacity of their “memory".
Therefore it was necessary to do some preliminary
choeosing of the alternative rotations which were 1o
be studied. In doing this we chese rotations which
are representative ¢f the principal methods under
which the property can be farmed., Thus, even
glectronic programming does not make commonsense and

judgement redundant.
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Alternative land Use Systens

The following four basic rotations were siudied:~

:2" wl’lea't-
A Green
A- Pasture — Peasg == ‘é."heat Barley —= feed
i mariey “”//’//;7 //)
\ White Grass Nevy Su.mmer
Clover €~ Seed &~ Grass <-—— TFallow
Seed {B1) Pasture
hite VWhite
B, Pasture —> Wheat —~= Wheat — clover —=> Wheat —» clover
seged seed

. White &£— (Grass - HNew & Summer €- Green &~ Wheat
clover Seed Grass Tallow feed

szaed

4
z Barley

C. DPasture ~> Potatoes =3 ﬁs'heat‘/? \}g}feenfeed
5 Whest-> Barley /

Vithite €= Grass & lew &= Summer ¢
Clover Seed Pasture fallow
Seed (H1}

De Pasture -3 Swedes — Summer fallow —» New pasture

Rotation A. is a conventional Canterbury seguence
of crops, which permits & fairly intensive level of
cropping and small seeds production. It ensures

Tertility maintenance and weed contrcl by the provision
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of a greenfeed crop, three or four years of summer
grazing, and a summer fallow.

Rotation B. is an intensive wheat-white clover
rotation, in which there is a good deal of interest
at present. These "speclalist" white clover seed
crops are undersown in the wheat, grazed in the winter
and spring following harvest of the wheat and closed
Tor clover seed in October or November, Yields of
white clever have tended to be high and relisble under
this sytem, because of the absence of grass competition.
Also the nitrogen build up is benefiecial to the
subsequent crop of wheat.

Rotation C. is similar te A., but petatoes take
the place of peas as the first crop after old pasture.

Rotation D. is s simple forage cropping system,
suitable with a complete sheep farming programmns.
Although commonsénsa dictates that such a programme
would not budget well against a cash cropplng programme
at present prices it was included in ordsr to study
alternative prices under which 1t might competes

We alsc examined the role of lucerne in the farm
SCONONMY o A small lucerne and lucerne rencwal programme
was therefore superimpoesed on these rotations, But
this was confined only to land classes (2) and (3),
the medium heavy and medium soils, forlthe heavy soills

of class (1) are generally comsidered too wet in the
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winter for the maintenance of gbod lucerne stands.
Additiconaliy it was thought important to examine
an alternative Torage cropping system, (E). This
did net include a root crop, but used lucerne hay

Tfor winter feeding with an intensive grazing system.

Rotation E.

Pasture —» Greenfeed = Raps

p |

Summer €—  Greenfeed €-— Iucerne é— Lucerne

fallow i yr (7 yr
grazing hay)
Greenfeed = Summer fallow

/

The remaining system of land use included ia the

(ﬁPasﬁure Cemsomreme NBW GTa.8S

study was cocksToot seed production (Rotation F).

This gives siX possible basic rotational systems.
We superimposed on these different levels of intensity
of crop production. We §id this by assuming varying
acreages being ploughed out of oldg pasture to enter
the rotations.

For example, if 20 acres were ploughed out of
grass on the medium-heavy land block (class 2) and

put through Rotation A, this would provide the following



land use natisrhe.
Feas 20 aes
Wheat 50
Barley 20

Greenfead to swimer fallow 20

H1 seed 20
Fhite Clover seed 20
Iucerne 75
Pasture 6H%

This gives a c¢roprping capacity of half the totzal
acreage in cash crop, wWhile a guarter is in white straw
CIrOpPSe If less werse ploughed out of grass we should

ures, and correéspondlngly

<t

have a larger arss of pas
less cropping.

2 e

To examine the influsnce of cropving intensity,

we defined three levels. These levels havs Deen
designated X, ¥ and Z. fhe respective levels of

crop production are:-

n

H

D12 caeshn eron, + white straw
Rl 5

r e L 1 1] 4 i i
y = 3 )
Z = i & " b & o (Medlum cronplng

1
o Pl
inbensity)
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Foy Hotation A we now have defined the following
varianta:-

A, Rotation 4 on class (1) Lland under heavy cropping

A‘!y " | noon 1 i ot ® med-heavy 1
A‘I ” 1 nwoon it " 1t it med.iun ]
AQX 1 "oon t (2) it i heavy ]
Agy it wooon i . 1" 4] " med~heavy 1]
A2Z ] . Hooou T W B ] medium 1t
AB}: t t 1" i} ( _7)) i? 1 haavy i
A-By it it " ¥t ] . i i med_heavy it
ABZ 1 noost n i 1 n medium 1

Similarly for Rotations B and C nine possibllitiss
arg defined. Further variants of Rotations A, B and C

the

on class 2 and 5 land involved the exclusion of
lucerne componentss This gives another six possiblilit-

ies, designated HA,_ etc., which implies, Rotation A

2%
on class 2 land, under heavy ¢ propping, with lucsrne
omitted;

The forage cropping rotations D, ¥ are programusd
at only one level while cocksfoot sesd production, ¥,
is trestricted to classes | and 2 land. This gives
an additional 8 variables, and brings the total nunber

of land-use alternatives to L. These ars detailed

in Appendlx 2
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dive possible shecp pollcles wWere considered.

54.  fFat-lamb flock, Romney or Three~guarter bred,
meintained by purchsse of L year old ewes,

e ©lock each years

B2, Fat lamb Llock, breeding replacemnenis.
B33.  Tat lamb flepck, maintained by purchase of

2=th BwWes.
Sl Wintering of one-year ecwes with the sale of
ewes and lambs gll-counted in the sSpring.
S5. Wintering of wetheyr hoggets, and selling them

YIS e o~ P L Ny oo s
fat o7 shesars i1n the late spring.

The details of +the costs and prices assocclated
with these enterprises sre given in AppendiX 3.

These aliternatlves pernit the sxaunination of

o -
| &

thiree tyopes of replucemsant programme, The most
widely practised system on this clags of farm is the

purchase of four oy five wear old ewes, which are

retained for two Iambings. RPreeding is not wildely

Dractissd because 1t tends to lessgen flexibility,
which 1s rather iwportant, particularly where taere
tial amall secds progranme. The two

wWintering alitcrnatives ~ ewes zid Zambs all counted
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hogpets are vuLis common, and bhoth are

Ghide veovision

5 oondie dn e rotational sysien

Lh o was ailso degided te allow Tor the

Pncrem

- : -
T IR oo - s
[Wh iJ 'lu-f R P O_.\.‘.\.A-LA

For 1t is possiphls

some circunsiances this may be a more proifit-

lz dland use systems over the

[

Thus, wWith 41 posdis
thras land classes, five possible sheep enterprises and
the possible purchose of hay, we have 47 alternative

aobivities on tane Tarm, This by no means exhausts the

25,5 - out, bocause

which ave

&

indicatiy

2, . . v
necause W

intenslty within these rotaltions, this yepresents a

o the productilon

Limitotin

The production nossihliltiss of a farm are limited
- -,

by the available resources — bhasically by the land,

lobour and canital. In thiz gtudy we have agsunmed that

irenents of any feasible

& =

DIOECAMNS s Feaslbhility is o z large extent determined
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of ths asliteinstives ve arg programing.

for handling

ould not he

Incorporsted without capital investment in plant.
The problems luvolived in incorpersting relisble

lebour coelfficients 1o a linear programming model

for this tyoe of farm are very grcats The actual

4

labour force on the Tarm consists of a working manager,
s general farwm hand and a youth over the summer period.
Thus the only crop likely to gensrate a lasbour boiitle-
n2ck is potatoes, and asg pointed out this is already
ilimlted to an acreage which can bhe handled by the
existing resources, through the defined rolations.

If however our xnowledge of the labour reguirenent
o1 the wvarious enlterprisces ﬁas nore precige and
relizple, then the study would be greatly enhanced.
But in the mesantinmes 1t iz noet wossible o determine
satisfzotory labour coefficlents with the degres of
LIS

racision déemanded by linesr DroZraling e are

led to the expedient of programuing the farm independen

o=

J

of the labour gconstraint and then relyiag on ouy
Judgement when examining the programmed solutlons.

tend to use in budgebing

CJ

is we

.,J

v e Ty ¥
g LS BseL

and in oracticsl farm Nensgemnéhits

Ly

&y
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systsang, aknd the specifiled ILimitations at which thess
snteryrises nay be car?iedqgna The aim is B0 conbins
thase enterprises im'the'ﬁgst profitable way, comoabible
with the limitatiocns 1nooopde Tie mest profitable way
13 that which maximisss total gross margins, which we
bave aeiined zs the revenus in excess of those cosis
whieh are wvariable and which can be divectly assignsd

to the specified gliternatives.

crogramned Selutions

Before they can be used as a positive preseripiion
Tor adjustments to ex1stlﬂg"management, farm programnmes
produced by budgeting or 1iéear progﬁamming must fulfid
a number of conditicnsz.  In ©the Ilest place the
prospective increage in profit must be slgnilicant

Further, any increase in rikk, or in work lead wast be

acceptable 1o the farmer. Similerly any incw
the complexity of managemnent muslt be comnaitibls wiith

Pt

the managerial skill available. If sufflicient daia on

the wrisklness ol varlous crops wsre available i W
be possible to inelude this risk element in & wodilizd
programming model, and to pPQVldG solutions which wor
compatible with only prescribed levels of risk. ey
at present data of this nature is not procursble. fize
must therefore lreat our risk factor in a less relined

Way, elther by including appropriate constraints on
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rigky enterprises at the ouiset ag we have done Torn
cocksroot seed productlion, of LY eXamining programmad

goluitions for asceptable

)

may need to do both,

o

lewvels of risk. D ten we

h not always possibls

m

it

to formulats completely all the Limitse we may wizh
to impoese inivially.
The farm progranms representative of recent years
is ag feilows:
Pessz 4O acres
Potatoes &
Wheat 54
Barley -
Grassz-saed 37
White clover seod AR
Greenfecd 4o 2 fallow 54
Luzerns 1%
Grazing 128
0L scres

A

Uslng the costs
the above progranmne would
of £7100,

Thils is the figure ¥

programmned solution, keen

Lreeding ewes

#

ginterad.
the appendix

Iz

producs

T

ith whick we must compars any

ing in wind thal net farming

th



srived from this by deducting fixed cofis.

L fixed costs awount o £5,000, giving a nei

wroldt of £4,000, then an incpsaze or 51,000 in total

- [ R e P ] =, . - 1 .
gross moapgin from £7,000 1o £5,000 would be eguivalion
o2 29% lncreass in net proiil, le.e. £1,000 on 24,000,

T primayy optimal soluition was as follows s-

Qlass 4 Iaxnd {Heavy)

Class 2 Land {led-Heavy)

Rotation B ' 20w "
= .

Slass 3 Land (Medium)

Rotation BX

Baglc ewe flock 5350 @WeS sose 530 awges

(Breeding replacemnenis

Wintering ewes and seliing
ewes and lambs "all counted® 380 swsz

oy

R I S SRt R R oy
dintering hoggets RO0
Ty P v Ymen ] e
5w1%£&* Eh Haw QoG ba les

Total CGross Margin £7,920

o nesrecst acre, 2nd Lo nearest 10 shesn,
10 bales hey anc £70.
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Rotation BX, it will be recalled, is the intensive
wheoat "speclalist'™ white clover wofation carried on at
the most intensive lesvel. This rotastion on each of
the land c¢lasses would result in the following overall

swamer land utilisation.

ACres acres
Wheat (ex white clover or old grass) 33
Wheat (ex wheat) 98 151
White zlover seed (ex wheat) 66
 ‘White clover seed (pasture) 31 97
Ryegrass seed , 31
Lucerane i ih
Grazing bale
Sumper fallow to new grass )
54y

With the heavy small seeds programme the stook
rolicy is based on a heavy wintering programme involving
the maximum number of wether heggets wintered, as well
a3 390 ewes for dispeosal with lamps at feoit, in additicn
to the basic flock of B30 ewes and replacenment hoggeis.
The 45 acres of lucerne hay grown, and the available
area of winter grazing 1ls supplemented by the purchase
cf 900 heales of hayea In the spring-summer period with
available grazing restricited to &8 acrss aiter the
white clover is cloged, sheep numbers are restricted

to the basic ewes and replacemenise. The white clover



areas however do maks a conlribution to the fettening

of lambs, through its

Examination of the

will show that the programnsd rotailons and stook

numbers

Before we discuss the prachical side of this

solutlon, we can make Ths © daitional nutes

W

about 1t.
£ 1 "‘»‘j: S mrpaorammned tatal oo me o 4o
Eq KIS &J-L ,é:._'j\ HINGS (NI LR D Misl L g i L5

£800 higher than that for the existing policy.

posts, and

T
oo
R
[
N
o
i
=
P
by
o

}M—'Tq’f

carrying, snd summer

iad i e Eget

o

S ks
ingiudad,

nlubers
lambs, ali-countad.

(3J The breeding of

Lfleck of 500 ewen on a properiy of this nsture
is neot gsnersal. But in fact, 1if we ascept the

costs and prices used, and the feeding ceelficients,

the breeding policy bhudge silghtly hebtter

han buying in. However U
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i the policy of huylang iln wers substliuted,
hacause of its addidvional Tlexivnility, would
he &= per ewe, thaet is sboub £160.

(L3 The purchase of hay uld remain an
coonoiic thing to do 17 iie price yroge from
the programned e of 6/= per bale to 7,/6
ner btala. I 1% were higher fthan this then
the programms would he resdjustad,

(5) In respect of The price of wheat, ithe

T

g vl

programme wousd

- L R T 9 w A o
weres te fall from 13/6 to
aid other prices venslning
oo Durthsy inorsase in tha

)
1w

Wwould dnduw

3 - + 1 £ Y it ey o A K y
alrsady at the highest lav
the roiationad coastraints

a

In resgpect gi the

an

clover, the scoluticn would
T 3 e - -3

oy a TPeductiobn i
gpproximately 2/9 TOTR

L0 can only bhe

;3
4
..I
l’”‘J
o
G
o
[
0
o
=7
&t
[l
o

10 would pesuli ipn
these would be ressonably sbab

falrly ©

] 3 -
gvelublonary,

1076

nain optimal

/9 per bushel,

the sSaliS. Pat

rics of whesat
Tor 1t is

@

= oroduction 9

oompathi

Folish

T T g
WG

winite

remain opvimad

e

b

price from 3

shat

ciy higher

to

£

profits,

But the sy

a degres of

with

F o
1¥ this were an

Tarning the property,

and
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technical uncertainty, which may not bs very widely
aceephablie. Although there is considerable interest
in the intensive wheat-wnite c¢lover rotation at present,
it is doubtful whether there are farmers whe would push
it to the levels prescribed in the linsar programming
solution. There are problems af weed and pest control,
and aspects of fertility maintensnce which, at the time
of writing, have not been fully explored.

With this in mind the farm was re~programmed with
the intensive wheat-white clover rotations restricted
sllowing only the low (Z) levels, The solution was
as f@llews$:w

Class 4 Tand (Heawy)

Rotation Bz 58 acres
Class 2 Iand (Medium Hesawvy)

Rotation Gy 202 W
Class 3 Tand (Medium)

Rotation BZ 78 scres

Rotation Qy E6 % 3L ¢

394 0"

Stock

o

Basic flock (breeding replacements) 866 ewes

(Breeding replacements’ 130 ewe hoggets)
Wiintering hoggets 500 hoggets
Total Gross Margin £7 248

% A few bales of purchased hay were in the solution
but were considered insignificant.
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Thus the low intensity wheat-white clover
rotation (Bz) comes in on the heavy land and as a
proportion of the medium lande. The total land-use

with this programme would be

Whsat 65 asres
Barley 26
Potatoes 25 u
White Clover seed 4 i
{undersown)
White Clover seed 30 o
(pasture)
Grass sced 3G W
Green feed and
swner fallow ks o
Licerne | 15 0
Grazing 159 ®
S

]

Reference to the basic rotations will indicate
that Retation € contains petateoes as the first ecrop
arter grass vather than peas and it is ¢lear that if
the Jsbour and eguipment is available 1o handle
potatoes, total gross margin is somewhat higher with
© this crop insluded.

Apart from this we find that the overall systen
of management in the revised solution does not differ
greatly in principle from the existing patitern of

management. About 30 more acres are devoted to
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grazning in the spring=-summer period, approeximately
the same number of ewes are carpled but in the

programmed scliutlcoen addiitional swe hoggets are riun .

The dirference jin total gregs margin, £7,248 against

£7,100, may hardly be regarded ag signifisant.
Indzed examlnation of the seolution maetrix fPor this

programme revsals that only marginal changss in

gomporveely guite 8 range of posgsible adiuvsiments
in the cropping progranmnce. For sxample the programmead
loss in revenue from forcing ths convanbionsl {A)
robations intc the solubion would amount 4o 12/=
to 16/ per acre over a largs range.  Similarly
cocksToot seed productlca on class {4 land would nob
vaduace progranmed revents very substantlslly.

T, our econcluglion Trom the analysis bo this

stage iz thed should experience show an intensivs whaatl-

husbondry point of wiew, 1t would result in a2 slgnl-

ficent increass ln proflts on this clsss of property.

But if we exclude thig syitem, then consideraplis
Tlexibility in the cropping system 1s possible with

iidtle sgeyifice of progpeciive reveunus

&

ﬁagwammed loss in revenus 1if bought L ysar
wes are subsbiituted would be 3/~ per awee

!_.

=

L
05“{5

whibe clover rotaticn (B} %o be practicaple, from ths
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The wintering of hoggets is clesrly a highly
stable element in the optimum programme. Analysis
of the solution shows that the margin could fall to
ag low as 12/- per hogget and it would still be
profitable to run them. However it is also evident
that 1T the restraint of 500 on hoggei numbers was
released, it would be necessary to buy hay (or reducs
ewes) and the margin would decline somewhat. UNever-
theless, with selenium and thisbenzole drenching
having such pronounced effects on hogget thrift,
iimitaticns on hogget numbers for this reascon could
be critically looked ate. The strength of the hoggetd
enterprise is its complementary velationship with the
cropping and small seeds programms, whereas the basic
ewe fleock is competitive. Substantial reductions In
income would result from forcing the forage cropping
rotations (D) and (B) intc the programme. The
solution shows that this cost would be £4 to £5 per
acre, and that this would rise fairly sharply.

A final test of the econcmic stability of this
balanced cash cropping, small seeds, sheep system
was carried cut by bringing the gross margins for
the sheep enterprises into line with the high prices
ruling in the 1963/L season for wool and laub. Foxr

exanple the wool price was increased from 38d net to
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184, and the lamb price from 38/= net to 45/-. Bui
this failed to bring about a significant adjustment in
the overall programme, even though it.was programmnad
'again without the intensive wheat--white clover rotations.
This implies that even very high wool prices will not
result in an intensive sheep system bPeling economically
competitive with a balanced cropping system, where the
yields of crops are as high, and as reliable as they are

in the class of country studied,



APPENDIX - 4
COSTS AND RETURNS FOREINDIVIDUAL ETERPRISES
 {September 1963 Prices & Cosis)

SOIL TYPE I

HEAVY CROPEING {x)

Paas Potstoss Wheat sx VWheat Bapliey . Rye Seed White Cl.
Baterprise gx 0., ax 0.G. Pszg op gx Wheat ex Whaat {Pasture} Seed

N _ Pobavoes : _ _ Pasture
7 tetable

Yiglid 25 D, L _Beseed  B5 by, S8 e 60 s O by, 210 dhg
Table £15 '

3 ; ey A % EH oy T “ 3 . o - - . ;o . P
Price 20 S e Sesd g0 13/4 1E/G 875 1256 3
Total
Revenue pie £45 O 0471 4 O %7 5 & RE 45 4 25 40 ) 25 D0 B4 o400
Dirent
- e o - K E - = 2 o g r R ~ :

osts Y £ 94844 46 T 4 6 744 646 L 545 BT 4 7 o 7 8 7
Gross

i i o'l o ; h i a5y . q N =T ey % oy W I AT £ i, i~

Mazgin Woogas 4 o 2 dn 0 20 48 G 26 40 0 49 48 A0 135 o sh Lo

& totablis

Yield HE I sV b tezeed 60 b, BB g, 65 D, 05 B, 210 1hz
Table £13

Prire 20/~ Seed £20 4%/% 1376 B/6 12/6 3/

Total _ ,
Reyvenue onfacghl O 0O 484

s
i)
-
Y
P2
oy
2
oo
A
O

0 L0 4D O 37 2 31140 O

o :
Direct

£
Costa ¥oog 9 98 11 453 5 8 5 460 7 5 7

e

ed

=y

(2%
oy
-
i
"y
3
NS
1By

Gross

Mapgins ™ £30 4 O 30 493 ¢ 33 49 g 30 4 O 24 15 2l L

<
B
A
8
[




SOIL TYPE I (Cont'd)

HEAVY CROPPING (%)

{Contia)

Eunterprise

opealalisd
W.C. Lex
Wheat )

Gooksfoot

GESF.HG,

Pasture
Maintenance

Yiels

OO 1ha ShU 1Ihs
Price % fm 5 /e
“Total _
Revenuse nifae £h5 0 0 35 O D

Divect

Costg * g0 1 5 1R 44 4 9 oA £ S
Gross
Marain H £34 19 O 19 9 9
MEDIUM=HIAVY CROPPING {y} {Qontid)
Yiald Blaeiie: BED L
Pﬂ@gg‘ % f e D e
Total ]
Ravanue plac £S48 O O AH 000
Direat A #1700
Oosts 1 £10 4 8 R Y 9 19 0 12 0
Gross _
Mapeinas £33 19 0 19 9 0

& .
Fotation B.

g
W



SOIL TYPE I {Cont'd)
MEDIUM CROPPING (z)

Peas Potatoces Wheat ex Wheat - Barley Rye Seed
Enterprise ex 0.G. ex 0.0, Peas or  ex Wheat'  ex Wheat  (Pasture)
. Potatoes
9 t.table
Yield L6 bue L t.seed 60 bu, 58 bue 68 bue 50 bu
Table £43 o
_Price P2/6 Seed £20 13/6 15/6 __8/6 _12/6
Total ) o
Revenue p/ac £54 15 0 197 0 O LOo 10 © 37 2 6 2848 0 34 B 0
Direect _ -
Costs  p/lao 10 19 5 162 19 5 640 7 7 1 6 6 0 0 46 41 6
Gross . o .
Margins p/ac 240 16 O 3L 1 0 3349 0 30 1 O 22 48 .Q@ 1L 13 O
SCIL TYPE T1
HEAVY CROPPING (x)
_ 7 t.table _
Vield 30 buo b t.seed  50.bu, L5 bu, 50 bis 35 _bue
Table £13 o
Price 18/~ Seed  £20 13/6 1376 &/6 1276
Total .
Revenue p/ac £27 © O 471 O O 33 45 O 30 7 6 21 5 O o4 17 6
Direct _ ‘ L
_Gosts _ p/lac £9 6 3 4LE 7 14 6.2 9 611 2 5 8 5 43 7 10
Gross . o ,
_Margins n/ac £41°7 fﬁ.u. 0 2h 42 0 27 42 O 2% 46 0 15 17 0O g 10 ©
koY



S0IL TYPE I (Cont'd}

MEDIUM CROPPING (=) (Conttd)

White Cl., Specialist Pagture
Enterprise Seed W.C. (ex Gi . 3F, NG. Maintenance Cocksfoot
Pasfturs Wheat )
Yieid 240 1bs 300 Ihag 350 1bs
Price 34 3= i 2 /=
Total ;
Revenus (p/ac}  £31 10 O 45 0 0 35 00
Direct
Coste Y £7 5 7 40 1 5 919 0 1 6 0 15 41..6
Gross _ '
HMargins gab, L O 3440 O .. ig 9 0
SOIL TYPE II {(Cont®d)
- HEAVY CROPPING (x} (Cont'4)
White Cl. Specizlist Luceras Waks  GF.SF. Pasturs
Enterpriss  Sead W.C. (ox Por Tmcerne NG, Maint Coeksfoot
» _Pasture  Wheat) Haw Hey anance
‘ U bales
_Yiedd 180 Ibs 250 b L aBO 250 1b
Price 3 [ om Bf= — 2/
Totad
Revenus p/ac L7 O 0 27 40 0 o 25 O
Dircat
Costs ®oop s 9 0 8 45 49 Z o5 o245 0 99 G 4 2 @ 42 16
Gross
Margins " £20 44 0O 28 15 0O 2.2




SO0IL TYPE II {(Conttd)

MEDIUN-HEAVY CROPPING (y)

Enterprise

Wheat
sy Wheatl

Peag Potatones Wheat ex
% 0.G. ex D.G. Peas or
Potatoen

Bariey
ex Wheat

Rye Seed

(Pasturse)

White
Bead
Fagture

Cl.

Yield

5% s

4O bu.

Price

Total

1276

e

s . y c o - s - - P - ! — - P
Revenue psas43i 40 O 484 O 2 #7 o 6 335 485 O 25 7 6 28 0O O p7 O O

LDilract

_Costs S S-S W 1 o W~ S« N - WY A0 1 AU~ W k- O WS- e 1 & N 1 Y O DO - S L
Gross _
Mapgins ¥ gpe o0 35 4% 0 R 48 4 26 40 5 47 47 0 40 4% 5 20 44§

Yield

,.u
o0
[}
)
Hon
i3

ISR bl BEE 12/ 3= t
Totadl .
o L WE LN IR ) o g Yy
Revenusg 6 3z 4B o 2b 43 6 28 2 b 27 O O

Direat
Cnsts

kY
O
3]
=
O
Pl
£y
-
kY
¥
[E2Y
Fihel

Gross

Margins “ £27 49 & 3L 4 O Fpo4n 9 46049 0 49 0 2 42 13 0 29 41 @

st
(o1}
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SOTL TYPE II {(Gontid)

[y e s,

BECEE: Tucerne Maie T GF.8F. | Pasture
Enterprise WoCs (8% for Iucorne NG, Mainte Cockasfoot
Whaat? . H oy ananoes

IBDIUM-HEAVY CROFPING (v (Contid)
-(‘}‘ N 5 v P )
(o

o

{:

foud
o

]

:

‘r-n'i-
itk
o

Yield 250 1bs ~ 150 _ 250 1bg

o

Fraes ALz - : D [
Totai .' ‘ . : s .
Revenue(p/ac) £97 10 0 55 o 0
Direct . TTE e
Coats " £ 8 3 o . _
&

Py

("

P
s
Lo
.
]
o
e
-
C“)‘
AD
S
)
-
acx
P ~d

Gross
Marzing v e

s
i
>
.5
A
i
[

ks
£

Rotation B.

Yieid 950 1bs ) _ 150 , 250 1bs

Pprice B[ = 7 £/
Total

Reyenue{p/as)  £37 10 O . o -G
Divect

Coats i £ 8 4 140 35 O
Gross '
Marging Y L0815

",

no
GT
L]
o]
Q;
O
s
')
o
=
o
S\
o

3
9]
()
i
]

9%



SOIL TYPE III

HEAVY CROPPING {x)

Peas Poctatues Wheat ex  Whea b Bariey Rye oeed White Gls
Enterprise ex 0.G. €X 0.G. Peas or ex Wheat ex Wheat {Pasture) Seed
Potatoes ' { Pasture ]
55 t.table
Yield 35 ble Zehlbesaed 4bh bu, L0 bu, L5 hu, 30 bus 120 _1bs
_ Table £15
Price 1276 Seed £20 13/6 1378 8/6 12/6 3/ =
Total
_Revenue pfecf2d 17 6 41 10 0 30 7 6 27 0 0 49 2 6 4815 O 18 0 0O
Dirent '
Gosts " £6 L 3425 3 5 644 2 6 8 L 8§ 3 9 43 4 6 147 6
gross _ T
_Margins " 213 43 0 416 7 0 2346 0 20 42 13 19 0 "B 43 © 43 2 ©

MEDIUM-HEAVY CROPPING (¥}

_ tetable .
_Yield LO Due L t.sesd 50 bu, % ble 50 hu, 35 bu, 120 1bs
Table £13 - o
_Price 12/6 Seed £20 13/6 13/6 8/5 12/6 3/=

Total
Revenue p/acg2s 0 O 158 0 0 3345 0O 3 7 6 24 5 0O 2417 6 18 0 O

Direct
Gosts " 28 811 434 4 2 6 2 9 6£11 2 5 8 % 43 710 L 17 6

Gross

Marging " _£16 41 _0 2319 0 2712 © 2316 0 1547 O 810 O 13 2 O

LE



SOIL TYPH IIT {Contid)

AVY _CROFPETNG (x)(Cont'd) _
. Bpeciallist Pagitura lucerne e ke
Enverpriss W.C. {ex GF.G8F.NG. iaintonance for Incerne
Wheot) . _ Hay lay
Bales
Yieid 70 1bs | , N 129

Price , [

Total
Reveous(p/ac)  £25 10 0

Direeat ) :
Costs " £ 6 12,9 94 g P2 & 3.5 0 27 O

Gross
Harging 18 97 O

YEDITM-HRAVY CROPPING (v) {(Cont'd)

Yield Y - B 1

Price 7S

Yotal ‘
Revenue(p/a0 ) £o5 40 O

~4

Direct e
£ ks % % .
Costs " £6 12 .S 948 0 4.2

OO
.

N

]

g%
-

]

Gross
Marging Y £18 17 ©

notation Be.

g¢
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S0IL TYPRE ITL {Cont'd)

MEDTUM CROPPING {2} ngbnfﬂiw}

Wnite UL “ufﬂ;auzﬁa GF.S0. Pasg %ara Tocerne Meke
Enterprise Sesd W.C. (&% HG. Maintenanaose Loy Lucerne
Pasturs Whaaﬁ} Hay for Hay
Bales
Yield 120 1hs 170 Ibs 120
Price 3/ Bl
Total
Revenue(p/ac) £18 0.0 25 10 ¢
Direct
Costs i £ 4L 17 612 9 9 19 0O 1.8 0O 3.5 2 7 0
Gross :
Margins " £15 2 18 170
_ FEED ROTATION BENTERPRISES
SOIL TYPE I, IT & ITT
Pty IJLU;; rne Pgﬂ_r?n :,3 ’ . Luﬁfﬂlle‘a
finterpriss Lucarng Hay Maintenence GF.SF,NG. Hay Soil {3)
Dire@ﬁ Costs £3 5 0 245 C 708 O i0 5 O 2 7
(per acre)

£ . 'u
For hay production rotation
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APPRNDIX

[===N e

%l\)

ROTATICN 4,

SYSTENS

No, 27 28 P11 57 g 3 S g TN
Code Adx  Adw  Anx BAZw  HAZw Ay ARy ATy Adm  ADm A%
208 Bes ang 20s acs ans acs ans g aas acs
cas 7 2l 45 2h 16 & 20 13 5 16 44
Wheat ox Peas 7 Pt G 231 16 & 20 03 g 16 44
Wheat ex Wheat % 12 8 1e A 3 10 7 2 8 [z
Rarley ex Whsat 7 2i 46 2y 16 4 20 13 5 16 41
GF.SF, NG 7 23 15 Zh 16 6 19 12 5 15 10
Rye Seed 7 23 15 2l 46 5 19 12 5 18 10
W.C. Sead iy 273 95 2L, 96 & 1% (P 5 45 96
Pasture 13 i34 25 L6 30 15 Y Lii 26 9% B8
Tuserns 8 3 8 3 8 8
Total 55 202 138 20 1315 58 202 131 58 202 Ay
Gl fasre 1307 A0/B T AR/l 8/ 42/8  A0/0 G740 10/i8 B/5 679
Noe 30 31 3Z 38 59 H E &R 52 P
Code Bix  BZx  BIx  HMB2w HR%w Biy B2y Wiy  Biz  Boz B
a3 B acg ans A08 A 805 et ans s aas
Wheat ax 0.G. 5 17 41 17 14 L. 3 8 3 2 7
Wheat ex Wheat 44 50 35 50 33 94 38 25 ) 30 20
W.0.{specialis®) 10 3l 27 34 22 7 25 17 & 20 13
GF . 8F . NG 5 16 10 17 11 Y 12 3 9 6
Rye Seed 5 16 10 17 11 L 12 3 9 &
W.C. { Pasture) 5 16 10 17 14 1 12 3 9 6
Pasture 1l A0 50 %5 215 89 5 %7 107 68

Incerne

Total
¥ /zaocre

53

b5
a8

202
14/

8

134

13 202
1278 __ak/1b

-ty

(9228

S D01 =g o

o

10/9 8/10

3L
6/8

5?6/13



ROTATION C.

Mo, 33 Sl 55 40 L4 7 8 ) 211 oF 26
Code Clg C2x  G3x  HC2x HC%x Ciy G2y  C3vy  Ciz g2z G5z

aas ass 8.{,‘;_5 acs aies acs s acs asse acg acs
Potatoes ex 0. 7 24 16 20 16 6 20 43 5 16 14
Wheat ex Potatoss 7 2 16 21 16 6 20 13 5 16 41
Wheat ex Wheat 3 12 8 12 8 3 10 7 2 8 5
Barley ex Wheat 7 25 16 2l 16 & 20 13 5 16 14
GF . SF . NG. 7 23 15 20 16 & 19 12 5 18 90
Rye Seed 7 23 15 2l 16 6 19 12 5 15 10
W.0. (Pasture) 7 2% 15 2L 16 6 19 j2 5 15 40
Pasture 13 L 25 Lo 30 19 67 ik 25 93 585
Lucerne 8 8 _ 5 8 8 8
Total 58 202 434 202 3L 58 202  43L 58 202 43L
Gl /acre £43/5 _44/5 873  41/10 8711 12/9 1006 8/5 10/ 8/15 67417

ROTATIONS D, B & ¥,

o, 10 11 12 15 1L 15 16 17
Cods D D2 D2 B E2 I3 i e

acs acs aes aes 805 205
Swades 7 25 17
SF.NG. 7 2h 17
Pasture iy 145 91 Ll 151 101
Tuczerns a8 8 T 25 17
Rape ¥ 4 y Ly 2
G.Feed 1 L. 2
GE.SF . NG, 5 18 12
Total 58 202 13k 58 202 130
GM/acre £ ~2/6 w22 -2/13 ~2/17 =2/16 -2/15_  419/19 12/3

Notes: Class F — cocksfoot - was worked out on the basis of

one acrse - gtand lasting § years
rotation of 0G —» GF.SF. == ew cocksfoot and white clovar,

and using renewal



ASEENDIX 5

SHAAP HNTHRIRISES

Bree&ing Buylng £ th . Wiﬁterinp Oniy
2 ¥y faplacenient Heplacemont Selling Hwes and
Enterorise iuwe Plook ook Flogk . Tamhs all Counled Hoggets
Lambing 1155 8.0 Se 110% S.to8. 410% S.t08. 4109 S.t0 8.
Price %8/« net 38/~ net - 38/~ net B0 o
Wool 410 1bs 117 1bs 40% 1bs & 1bs
Price 3/2 net 3/2 net-  3/2 net %/2 net
Stock sold % 0,15 s 1 g
. Of c.nfoam
Price - 20/~ 20/« 20/=" 30/ 55/— net
Total Revenue &4 5 L4 £3 13 41 £5 19 1 £35 3 0 €3 4L 0
(per ewe)
Direct Costs £4 13 2 £0 7 19 1 e 9 £1 18 & 82007 09
(per ewe)
Gross Margins £2 12 0 £5 6 0 £2 12 0 L1 L G £1 €& 0
(per swe,

.



foaed Provided Soil

Available Summer Grasing

White Clover {(summer
before aln;iu')

Autumn saved pastbur
(1ambing)

New (rsss =3 gpass-ssed &

{ tawbing)
New Grass (Jlambing)
Green Feed (lambing)
Autunn saved pasiurs
{(winter)
Pasture (winter)
Swedes (winter)

Iucerne Hay (winter)

APFENDIX L

STOCK UNITS BASTS OF WEGD RECONCITIATION

3 * ‘l & 2 @
7 3.0, faces 5 S.U./acre
;E 59 4 1
G5 anres /100 sw 7 acres/M00 ewes

o5 acres/100 ewea 6 acres/100 ewes

L% acres/100 swes 5§ acres/100 swes
565 acres/100 ewes 6 aeres/100 ewes
5.5 8.U.//acre 5 8.U./acre :
1.5 5.U./acre 1e5 8.U. faces
35 B.U./anre A0 8.U./acre

% halss/B3

The sbove Ligures ars for the y lavel of Vyappzmge
have JilnntLV different stock uniis bagis,
Amaunt of  Auvtumn uﬂu of, Pagture - 50% of pasture {Pastupe for W,
not considered in “pesburs® herel.

Sﬁﬂck Reoulrements

2 yr Ewe Diock
rﬂedlng Iwe Clock

Buying 2%th ueriaﬂﬂqﬁnt
Belling Bwes and lanbs

Wintering hogrets

1,014 8.1, fewe
ﬁgﬁﬁh i
flock T 0N i
all countad 1 J:q "
0,01k {summer
0.66 {winter only)

e
5 8.U./ sove
.1 111

acpes /400

i

agres /00

oy
[:3

aares /00
acres/ 100
2.V, /acre

I o
L 2. | &
J! ST\ AN

S U,
U

arﬂm

% R
a0rs

% and

G [ afld. RV&.:

(winter & lambing requirements)
requirsments )

swes
cweg

ewes
ewes

‘%—m
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