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CEHAPTER 1

INTRODOCTION

In recent years formers and sgricultursl scientists heve become ineressingly
interested in the possibilities of diversifying Hew Zesland sgriculiurel
production. This interest hss been stimulated by the decline in price of the
madin primary products over the last decade and the present uncertsain economic
outlook, perticularly for deiry products and lewb. A number of proposels have
been mede, One which heas been made frequently ond has been exsmined serdously on
several occasions is the suggestion thet New Zealsnd should produse suger from
domestically growm beet,

In 1960 & determined effort was commenced in South Ubage to investigebe the
Peesibility of a beet suger industry centred on Baleluths, This investisation,
initisted by the Cltago Development Council and Otage Federsted Farmers hss studied
the economics of factory operations and conducted trdisls o determine probsbie
vields of suger beet on ferms in the district. There hes, however, been no attenpt

to systemsticully study the Ferm Hans implications of the crop on individual

farms, This thesis is primsvily concerned with this sspect of the propossl and

=h ;

employe Linesr Frogremming 4o clarify and snslyse the problem.

One of the fundemental problems in empiricel Farm Vemsgement Hesesrch is

the difficulty, or even the impossibility of meking detsiled district
on the basis of a sample survey of s restricted munber of farms., It is well known,
but not alweys fully apprecisted, thet the finsncial, physicsl and scciel
circumstances of farmers often differ merkedly, This difficulty is aceentusted
when a distriet hes a muldiplicity of s0il types ond land conbours, particulsrly



when this has resulbed in the development of seversl dlstinet systems of foxwdng,
South Otago presents the analyst with these problems.
Another associated problem is that of estimeting the changes end remifications

on the ferm following the introduction of a new crop, with no commercial ferming

data and en extremely meagre supply of szound experimentel data, An exiensive
experimentsl programse would be required to provide 211 the desired information,

Since finence for resesrch and the nmunber of resesrch workers are both Limited, it
was considered worthwhile - indeed essential - to meke o preliminery assessment

using the svailsble date fyrom Otago and the voluminous suprly of oversess information,
adjusted as for as possible for Wew Zeslsand conditions,

The outline of & vesearch programwe thet would provide the necesssry dste to
allow o confident decision on the advisebility of esteblishing a Beel HBugsr Industry
is presented in Chapter 8,

Becsuse of the snaiytiecal problems and the lsck of relisble date, the
detailed enslyses in this study ere confined to case feoxm situstions in South Otago,
which are believed to be reasonsbly representative of the soll type and contour
described. This mesns thet cere should be faken in the interpretabion of the
rmmerdcel results. The spproprdate adjustments mst be made o the figures given
and yractices deseribed here, when they do nobt exactly conform to eny perticulsy
form being analysed.

The key factor in the sucecess or feilure of s beel suger industry is the
attitude of the individusl fermer. ie is requirved to produce the raw materisl
for procvessing and his problems and preferences os well as the price he reguives
should be sdecuntely assessed before the project is teken very far. Both
economic and sociologicsl factors affect the Individuel Permer's decisions. Since
the success of the industry will be affected by both fectors, it is Imperstive that

they be considered together.




A Brief historical review of ths world beet sugsy industry and of the
investigetions thet heve been mede in Hew Zesland is given in Chepter 2.

Chapber 3 congiders South Otage in relstion to the technical recuirements of suger
beet culture as fear as they cen be ascertained fyom oversess information, while
the detailed results of the trisl work thet has been condueted in Scuth Otago is
presented in Chepter 4. Discussions of the ferm survey methods used end the
resulbs, is piven in Chapter 5 end the eceleulsiion of gross mergins in Chapter 6,
The results of the linesr Programing snalyses of three Case Ferms is
presented in Chapber 7.  These resulis indicste that intensive suger beet

mroduction eithey in sssoeistion with wheat, or alone, could incresse form incomes

subatentially. The subjection of this incressed income Yo progressive taxstion
would, howsver, debract from the sppsrent attrectiveness of sugsr beet production
on individusl foyms.

The finsl chapler summrises the findings, drews some conclusions mekes
recommendations for further research, The general conclusion is that the scbusl
construction of & sugsar beet factory should not comence for at lesst five yesrs
to give adewuate time for a thorough exam

nntion of the wiole subject.

Deaspite the problems snd limitations discussed, it is boped thet this study
will provide a basis on which farmers end thelr advisers con assess the merits of
the crop and ensble then to meke an informed declision on whether to contract fo
grow suger beet for any proposed factory. It should also give some guidance o
potential investors and $o those who have the responsibility of meking policy

decisions concerning the beel supsr industry in Hey Zesland,




CHAPTER 2

A BRIEF HISTCRY OF SUGAH BEED IN NEW ZEALAWD

2e1 A HISTORICAL REVIEY OF WORLD SUGAR BEET PRODUCT

The history of suger goes far back into apcient times.
known in Indie end elsevhere in the Orient hundreds of yesrs before the Christisn
era.

The srt of cyystallizing suger was discovered in Eurcope during the fourth
century 4,0., but pefining in the modern sense did not commence until the
fourteenth cenbury. Although the beet plent (Beta wvulgeris

cultivated wore then two thousend yesrs sgo it was not until 1747 that the Germen
cherist, Andreass Margrasf, proved that pure sucrose could be extracted from it in
crystalline forme  Forty yesys lsber icherd, 2 puril of Margrasf, plented bests
on o large scsle end extrected a guantity of low grade sugar from them. The
wordd's first beet suger fectory wes erected in 1802 at Cunern in Silesis end
proved to be commercially successful,

tdittle further development of beelt suger production cccourred until the
Hepoleonic Wers when the French were deprived of esne sugar supplies from the
West Indies by the navel blocksde. After the successful production of sugsr in
France in 1811, Napolesn decreed that & best sugsr industry be established.

Following the defeat of Hapolean in 1815 and the 1Lifting of the blockade,

lated supplies of West Indian suger weve dumped on the Huropean mevket

st low prices,; causing the collapse of the beet sugey industry. However, improved



mamufacturing processes, nationelistic protective schemes and the emsncipation of
the slaves in the Vest Indies conbined to meke Eurcopesn beelt sugsar nmore
“oompetitive” with tropicel sugers. Indeed, by 1200 the industry wes established
in meny FBurcopesn countries and surpassed cane as & source of suger.

A preat deeline in beel production occourred during the First World War so
thet the war and postewsr yesys were years of prosperity for cane producers. Iigh
mices were followed by the rapid development of new cene lends snd the expansion
of refining cepscity. The productivity of cane lands wes slso greetly increased
by the introduction of higher yielding strains., 4s the beeb sreas of Purope
recovered from the Wer and with the growth of new protected industries (United
Kingdom after 1924 and Indis afbter 1930) production rapidly cutstripped demend,

In the late 1920's snd esrly 1930%s suger prices {ell, sffecting both beet
and csne producers. Acresge limitelions were imposed by the main exporting
countyries vnder the “Chadbourne® Supgar Agreement of 1931, In 1937 the fivst
Internationsl Suger Agveement was signed bub ¥orld ¥er II cowmenced before 4t
beceme effective, This wer was fought over both cane snd beel producing sress so
thet production of cane snd beet suger wae adversely affected, After the wer,
suger production incressed rapidly snd & new Inbernstional Sugsr Agreement was
negotisted in 1953, This tresty wes reviewed in 1956 snd 1958 end remsined in
force until the end of 1963,

Figure 2.1 shows world production of centrifugsl'') sugsr from 1879 to 1963
snd slso shows seperately the production stiribulteble to eane and beeb,

Tedey, Horwey and ?ﬁ%ﬁg&lgg} aye the only Buropesn couniries not producing
beet sugar sud the industry has been set up in wost of the remeining temperste zone

countries of the world.

{4} As @& centrifuge is used in the marmufscture of high grede suger,
this is ususlly termed cenbtrifugal suger,.

{2} Beet production has been corried on in the Fortugese colony of Azores
for some years snd is plermed on the Poritugese mainland.



Fig. 21 World Production of Centrifugal Sugar
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2,2 SOGAR BEET IN NEW ZEALAND, 18701950

Interest has waved and waned over meny vesrys in the possibilities of &
beet suger industry for Mew Zeslsnd. 1In ‘28’?{?{5 ) the Joint Commitbtee on
Goloninl Industries svggested thet a bomus should be peid by the Covernment for
home produced suger from beeks, It was not wnbil 1877, hovever, that Fexliament
considered the watber and in that yesr passed s Bill offering £10,000 as a bonus
for the first 1,000 tons of suger vroduced from beebs growm in Yew Zenlande In
1884 the Beet Root Sugar Aot wes passed, which offersd s bonmus of 1d per pound for
the first 1,000 tons of locally produced sugar. Excise duty was alweys to be 1d
per pound less then thet on imported suger end if, in the 15 years after the
passing of the sct, the import dubty was reduced or rewoved, a bonus would be paid
ag an eguivalent, This fel wes consolidated in 1908 and yersined in force unbil
1957 when it wes repealed by the Finance ict.

Starting in 1900, the Department of Agriculiure hes conducted mumercus plot
trials in most disiricls in Hew Zealend, but the fiyrst published references to a
comprehensive investigetion into the sugsr beel indusbry do not sppesr until the
sarly 1920%s, |

In 1921 Gwl;m{%} reported on investigations he had mede the previous yesr
et the Haff{re beet muger factory in Victoris, Australis, snd discussed the
considerations for the esteblishment of & beet sugser industry in Wew Zeszlsnd, He
listed the following csrdinel factors for successful sugsr beet production,

{a) 4n up~to=date mamufecturing plant with the necessery lsbour and

material for its optimum rumning,
(v}  An adecuate daily supply of beets of comparstively high sugsr
content to keep the foctory at full capseity for approximstely

100 days esch yesr,

(3 New Zeelend Officiel Yesr Book, 1895, p.316.

(5) Cockayne, AL, “The Beet Supger Industry - Considerations for its
Hsteblishment in Wew Zealsnd™, W,%. Jnl. of Agric. 223 6+12, 1921,



{e} 4 merket velue for refined suger high enough to enoble s price to
be peid to the grower of beets which would yield him & per acre
profit in excess of what he could reslise for sny of his then
wajor CroDSe

Cockeyne muggested that suiteble solls for suger beet production were, in

general, those on which mengolds covld be successfully grown, with the exception
of heavy woist scils. Climstiec conditions were considered to be of greater
importence then soll type as & comperstively dry pericd was necessary during the
latter part of the growing peried and during lifting.

He seid that 1t was of fundamental importance to consider the type of

fersing pyecticed in = district where sugsy beet growing wes proposed. Becsuse

of beet within a fow ndles of the factory, only

tures =nd where rolation farming were predominant
need be considered. Whers short rolation pastures were not predominsnt the srea
of ilend cultiveted por form would be so small as to render any successful beet
esteblishment impossible without changing the farming prectice and this would be
unlikely untll beet growing had been proved more remmerstive then any other 4ype
of soil utilization., Oaly Conterbury, North Utsge, (mirsl Obage (under irrigstion)
and perts of Helson and Harlborough were classed as potentisl beet srean.

Cocksyne chserved thalt the Haffrs fectory always ren below cepscity because
of an insufficient supply of beets, Ilumercus ressons for failure fo secure an
adequate tomnnge were advenced; but the resl cne « that only s amell proportion of

the fermers of the district wented to grow beels - was never stressed., 4 compe

could not rely on the farmers of & district to grow the necessery beets unless the
price to the farmer; and consequently the price of suger, was exbtremely high.
Coeckayne conecluded by saying thst the high monstery return per w%{ﬁ ) and

the large smount of cepital snd lsbour thaet could be sustained put suger beet

{5} The estimeied retura of £13 per scre wes higher thsn thet of
competing orops. :



production on & undque basis and warvanted every considersition being given to
eny soundly based project.

o action was taken to esgbeblish the infustry st the fime snd interest
sppears to heve declined from 1921 onwards. In 1939, bowever, s deteiled snd

comprehensive report covering meny sspecds of suger beet culiure and processing
(6)

His first exeminetion of the subject commenced in 1935, when, 25 & merber

was presented to the Government by Pascce.

of the Unergloyment Bosrd he was Jooking for possible indusiries to creste
enployment, As & result of & favoursble prelisdnery report, trisls were cervied
ocut in the 1936-37 end 1937-38 seasons in sress considered suitsble for the erop
end Pascoe usde sn exbtensive overseas tour exsrnining super beet form and fecbory
pragtices in Britein, Furgpe snd the Unitsd Sitstes. JAwong bis recomendstions o
the Govermment in the 1939 report were the following:

{a) That ¥r T,¥%. Hayek, Director of the Irish Sugsr Compsny Iinited be
asked to visilt Hew Zesland to advise the Covernmesnt on gll
aspects of o supger beebt indusiry.

(v} Thet a thorough study of the proposed beet growing aves be under-
teken, (The srves between Timern end Rengitate Island wes
suggested, }

(e} That expert considerstion be given to the possibilities of
irpigstion as & mesns of incveassing the yields per score.

{ay Thet, as a sogar beet industry cermot funchion without its supply
of yaw weterials, 1t sould be necessery to survey the proposed beet
growing sres to secure the necessary underdaking from individusl

farmers $o grow e contivnuous supply.

(6} Pascoe, G.A., "Report on the Development of & fugsr Beet Industry in
Hew ZJealsnd™.  Fresented to the Hinister of Infustries and Commerce,
Jermmary 1932
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{e) That the desirsbility of the fectory providing modern mechenised
farm ipplements be considered and that these be operated by the
staff of the {actory as their operstion would recuire highly
skilled training, while formers would lnmow with greater certainty
the zctusl costs of growing their supsyr beet orops.

(£} That the menufscture of industrisal aleohol in assccistion with a
suger beet foctory be investigeted,

{g)  7Thet trisls be carried oui to deterwine the opbimum methods of
feeding the by-products to livestook.

It was proposed that s Supsr Corporation be esbeblished, the State {o
provide half the cepital in ordinery sheres snd the remsinder to be provided by
Stete gusrantesd debenture stock offered to the public snd the beet growerss The
assistence of the State wos spid to be counter-balenced by ithe enployment crested,
the incresse in domestic production, the ssving of sberling reserves and the far-
reaching benefits which would sccrue to sgriculture snd the whole gmmﬁr&y«

¥r Hayek was duly invited, His investigsbions were interrupted by the
ocutbresk of the ZJecond World Yer, but he presented s fe?ér%;{?} in October 1939.
He concurred with Pascoe's findings end recommended the erection of a feclory at
Orari to profuce 30,000 tons of relfined sugar amlly, However, the YWar
intervened and no action wes taken on the report. '

in 1946 the Departwent of Agriculture, in conjunction with the Department
of Industries and Commerce, inported mochinery of the latest design fyom the
United States to test the economics of suger beet production under full
%aﬁﬁnﬁz&%icﬁgg} Large scele tyieis were conducted over three sessons in the

Weimate district of South Canterbury. Fach season four ereas esch of eight to

(7 Hayek, T.M,, "Report on the Development of a Suger Beet Indusiry in
Hew Zenlsnd®. Fresented to the Hinister of Industries and Comperce,
10 Oectober 1939,

(8) Blackmore, L.W., "TPriels with Sugsar Beet Machinery in South
Canterbury®, H.Z. Jnl. of Agric. 83t 273, 1951.
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ten acres were grown. These trisls showed conclusively that the use of modern
machinery could reduce the lsbour requirements per scre substantially. They also
gave o better understanding of the types of soil on which the crop could be handled
with reasonsble efTiciency. The hourly capecities of the mechinery under New
Zeslend conditions were assessed.

The triels concluded in 1950 when the prices of farm products were buoyent
end rising. Formers were not interested in diversifying into s releatively lsbour

intensive crop st thet time, so sgein nothing evenbuslted and the mechinery

vltimately s0ld,

1D, 1950 OWWARDS

2.3  SUGAR BEET IN NEY¥ ZEALA

The mibject was not publicly reised sgsin until 1959, when ¥aters,e?) who
had been sssocieted with sugsr anslyses during the 1936-38 trisls sugpested that
a beet super industry could be sssocisted with the delry industry. He suggesbed
thet suger beet could be grown on daixy feves as o dual purpose ¢rop in plesece of
the wsual winber feed root crup. 43 the ovop iz hewvested in the sutusm-winter
period the water supply and stesw generabing plent of dedwny feelories eould be used
to extrect and concentrate beet sugsr for treagort to refineries,
He giated ithat a well-plammed project for beel suger production would eonfer
the following benefits:
{a) Stebilise or veduce the oversens exchangs regulved for sugsre
{B) Provide o cssh erop for dsiyy Pfarmers, the velue of vhich oould be
iscleted fyom oversess warket fluctustions, which camoct be seid
for dairy produce, 1.€., Hew Zeslend could subsidise suger production

but not bobter productions

(9}  vsters, DJF.; "i Poesible Industry for New Zealand", Inl. of N.Z. Institute
of Chemdstry 23(2): 3743, 1959.
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{e) Provide & new industyry giving new jobs for fulletime workers and
work for seasonsl workers.

{a} Increase coal consumption.

{(e) Recuire considersble memifecture of egriculburel machinery for
handiing the beeb crop and processing maschinery for extracting and
refining sugsre

Tn 1960 Cutler'®) suggested that the sugar beet industry could possibly

be suceessfyl in Scuthlend, He seid that sugser beet grew well there snd there
were sdecuste srees of suiteble soils close to sstisfactory sites for processing
factories, Further, freezing works had steam velsing cepacity which could be used
in winter for extracting raw sugsr. In this psper Culbler said,

"There wey be reasons why & suger infdustey would not be sconowie byt ?*azzz
s soil point of view some serious investigstions eve necessary,” (11

The Ffirst suggestion thet Zouth Otege might be & suitsbles district wes made
in 1960, The Gtago Development Couneil spprosched Ctage Federated Farmers with
the proposal thet the possibility of esteblishing s sugsr beebl industry in
South Ctego be investipsted,

A% that time the economic outlook for mest; wool snd deiry produce was
blesk snd Federated Fermers felt that the matbter should be placed before the farmers
of the district. The Balclutha ond Kaitengets Businessmwen®s Associstions,
sssocioted themselves with Federaled Farmors snd two large public meebings were
held in the district ot both of which it was sgreed to set vp en investigeting
commities to look into the question in deteil. The main ressons sdvenced for this
decision weres

{a) The sdventage of diversified ferming with 1iitle loss of present

productions,

(10)  Cutler; F.J.B., "The Soils of Southland and their Fotentiel Uses",
Froe. of 22nd. Conf. W.Z, Grassland Assoc. 22: 15-25, 1960.

{?i} {Eﬁi}l@fg Z’\i:*!}-o%t, 6&;@&%@3 ?&22‘
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{b) It sppeaved thet South Obsge wes suited to the growing of suger
best,

{e) The nead for sn industry to ubilise Keitangata coal,

(a) The posaible integration of lsbour from the freezing works snd
sugayr beet factory

{e) tdttle extra lobour would be requirved on farms due to the

development of monogernm seed snd complete mechanization.

(£}  The saving of oversess exchangss

Fermers end businessmen have since subscribed cspitel to form the South
Ctage Suger Beet Investigstion Compeny, & public company esteblished to fully
investigate the industry.''2)  Suger beet trial work has been carried out over the
196162 and 1962-63 seasons snd lorge scsle trianls ave being prown this sesson
{(1963=6). The Compony hss also exsmined the econmomics of & beet suger fsctory
and in esrly 1963 an expert from the British Suger Corporation wes brought out to
Otepo to advise on gll aspects of the propossl.

Thus considersble work has been cerried oubt over the last Tifty yeors on
supey beet dn New Zeslend, but no definite conclusions have been veached.
Certeinly, no schbion hes been teken to estsblish the industry. The current
investigetions in South Ultago ave the most comprehensive snd sericus which have
vet been mede in Hew Zeslsnd,  This explsins the choice of South Olago as the

dlatyict studied in this thesis.

(12} In 1962 the Taranski Suger Compsny wes formed in Teranski with similer
aims,
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CHAPTER 3

THE TECHNICAL EREUIREEENTS OF SUGAR BEET CULIURE
AWD THE SUITABILIYY OF SOUTH OT4GO

The technicel requiremenbts of sugsr beet production in Hew Zealund are not
well known. Verietsl trisls heve bsen cerried cul in mony districts snd one
mechinery trisl conducted, but meny other important metters have nol been
investigeted under Wew Zeslsnd conditionz, It hsas been necessary, therelove, to
use overzeas technicsl daba. Since British farming systens, in sress vwhere suger
beet is grown sre, to some degree, similer to those which ecould develop in New
Zealend, English 8sts has been the primsry source of information. Suger beet is
extensively prown in the United Ststes, but conditions besr no reserblance to
those in Obsgo.

Although it is not the mein purpose of this thesis to discuss the husbandry
aspects of suger beet production, & stabement of the wore importent points is
presented in Appendix I.  I¢ is of vitsl importance that the practicel mensgement
impiicetions of these requirerents be fully appreciated by farmers and pobentisl
investors before sctive steps are taken to set up the industry. The main
technical requirements sve very briefly summerised below and, following s
discussion of the value of the by-mroducts of & suger beet industry, ere discussed

in relation to conditions in South UCtago.

3ot CLIEATE

In the northern hemisphere beet is grown throughout the tempersie zone.

There is considersble diversity in the c¢limatic conditions under which crops eve
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mroduced, from the molst insuler climste of the United Kingdom to the arid
conditions in parts of the United States where irripebtion is necesssry. Thus
sugay beet does nobt have very specific climstic recuirements. However, it is
considered desirsble to have a long growing pericd, with reinfall well spread
(in the sbsence of irrigetion), followed by dry sunny weather Curing the month
before 1ifting.

Sugsr beet grows best on naturally Pfertile soils but meny soils thet sre
inherently poor chemicelly cepn often grow beet successfully if they sre sultebly
fertilized., The power of the soil to retein moisture or to lose excessive
molsture is more dmportent then its naturel fertility. This is perticulerliy
importent when it is plenned to completely mechanize the growing snd harvesting

of the orope.

3e3 CONTOUR

The complete mechanisstion of sugsr beel production recuires very sccurshe
cultursl technicues, RBolling coondyy would add, to verying degrees, to the
difficulty of atitaining the recuired degree of preclision,; but it hes proved
impossible to oblein any experimentsl dete on the limitelions sloping ground may

place on the crop.

3edp SUGAR BEET IN THE ROUTATION

Suger beet can follow rost crops or permenent pasture in the cropping
rotation provided previous erop residues have been placed well below the soil
suriace during ploughing. In Britein, suger beet has replaced pert of the

fodder root scresge end cevesls sre considered the best crops to precede it.
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35 SUGAR BEET CUIRURE

£11 aspects of sugsr beet culture require cereful sttention to detail and
high sbenderds of crop and mechanical husbandry. This spplies to sll operstions
from the initial ploughing end levelling of the paddock to the harvesting of the
mature beete A comprehensive éﬁ.s&s&i&a of seed bed prepsretion, fertilizer
needs, drilling, thinning, weed =nd pest conbtrol end hervesting is given in
Appendix I,

366 UTILIZATION OF BY-PROIUCES

The by-products of the sugsr beet crop, tops and pulp, sre of velue for
feeding Yo slwost 811 classes of livestock., This hss resulted in & merked
decyesse in the acresge of feed yoots vhere supsy best iz growmn,

The tops {lesf and crown) can be used for feeding to livestock or for
plovghing in es & green penure,  In Pritsin teday there is 2 tendency for few
tops to be fed except where they can be fed off in bresks in the beet paddock after
heyvest. In the United Ststes they sre extensively mede into silage. Tops are
a valusble feeds They contain 15 to 17 per cent dry metier snd are vich in protein
and carbohydrate. Table 3.1 shows the compereble feeding wvalues of beet bywproducis
end other common root crops.

It can be seen from Teble 3.1 thet; after aliowing for wastsge when fed, one
aere of beet tops yielding ten tons cen be regevded as equal to helfean-scre of
mangolds or swedes yielding 20 tons per scre. The tops should be sllowed to wilt
for st Jeast three days before fesding, to reduce the oxslic scid conbent, otherwise
scouring is likely to cccur. If the tops are fed off on the paddock the menuriasl
value is reburned to the land snd the feeding velue is recovered in the livewelight
Cincresse of the snimel, Tops are & wvelusble feed for sheep, catile snd dairy

CiiSe
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TABLE 341

COMPARATIVE FOOD VAIUES OF VARIGHS SICCE FOODE

Starch
Dry Eouivelent Protein
Yatter (Relative to Equivalent
Foodstulf , (%emeﬁ%agé} Starch = 100) (?emeﬁ%ggﬁa“
Sugar beet tops 16.2 8.6 1e2
Suger beet top silage 23.0 9.5 0.8
Dried beet pulp=plain® 90.0 60.6 5.4
Dried beet pulpemolassed? 90.0 58.3 beb
Pressed beet palp® 18,0 140 1.2
Wet beet pulp* 8.5 6.6 0.6
Oats 86e7 5905 7.6
Swedes 115 7.3 0.7
Kale - marrow stem 1.0 9.0 163
Hangolds 12,0 6.2 Ouly
Turnips 8.5 holi Oolp

* As produced by the British Sugsr Corporetion.
Source: Growers® ILeaflet, Humber Four, published by the British

Sugar Corporstion, Ilondon.

Beet pulp is the residue 1left when the suger has been extrscted from the
roots. It is s0ld in seversl forms ineluding wet pulp (82-027 water), pressed
pulp (80-857 water), dried loose pulp either plain or molassed or, more recently,
in mab forme Heb pulp is & good food for sll ruminent snimels, It is costly to

trangport and is best used on ferms nesr the fechborye It caen be stored in clamps

and silos snd keeps well as Jong as sufficient provision is mede for the disposal
of the effluent.
Dried pulp is produced in large quantities by the British Suger Corporationg

the yield being spproximetely 1.2 owb. of dried pulp per ton of topped and weshed

roobs. Table 3.1 shows that it is a very velusble stock food, ss it sporosches
oats in feeding velue, Dried pulp can form psrt of & meintensnce or production

ration for 21l ruminant animsls snd can be fed in limited cquantities to pigs.
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The high food value of suger beet by-products, bogether with the
attractive price peid for beel delivered to the factory, expleins why it has
so rapddiy repleced other forms of roots in distriels where it is growm oversess.

Zed SOUTH OT2C0 IN HELATION 90 THECSE FAGTORS

The following discussion refers to those distriets within a thirty nile

redive of Belelutha as this was the Tirst proposed beet growing ares for a
factory situsted st Balcluths., The suprly area has since been extended to o

ond the seope of this

fifty mile radius but the study of this larger sres is bey

enguirye

3.1 glimete
Climatic conditions should be suitsble over most of the ares. The
average srmwal rainfalil at Helclutha is 25 inches, feirly evenly distributed,
although there is offten & dry perdod in Jamusry-February which couldy on the clay
losms, reduce suger yields, TRainfall is higher in the Owaka Valley snd to the
south-cost of Clinton renging from 35 o 40 inches somuelly. Frost or snow

damage may occur, infrequently, on the higher ridge country.

3272 Seoil Tyres snd Contour

There are meny soil {ypes in the region together with widely
differing topographical situslions and the exset limitetions of these two
interacting factors ave not clear. Overseas experience has shown thet the
culturel reguirements of sugeyr beet arve exacting, It is likely, therefore, that

it would be more difficeli and move expensive do grow the crop on rolling country.

Sloping ground adds to the difficully of precision sowing, thinning, weeding and
iifting the crope  There would be uncropped lend in many paddocks where the
ground fells away sharply. Slopes would hsve to be abttemplted hesdeon and

crosse-siopes sveided. The current prectice of fenrdng oubl on spurs when drilling
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swedes and burnips would not be scceptsble when growing beet as s consistent
row width is essentizl to the subsecuent operetions of boeing, thinning end
hervesting.

Difficulties would increase as the degree of slope incressed., The
cpereting coste of tractors would be higher becsuse layger power units would
be needed - poweriul encusgh to desl with the steepest pert of any paddock.
Operations, perticularly hervesting, would cease sooner during inclement
weather, especially on the elay soils,

Two estimetes of the sres suitsble for supgsr beet have been made.  They
have besn prepored using different sssumptions snd conseguently different Tigures

heve beon derived.

¥y B.U. Stephen of the Deporitment of Agriculture has used the following
criteriasg

{a} The lsnd must be capeble of growing whest well.
{b}  The combour must be suitsble for the efficient operstion of
sedif-propelled header harvesters.
Using these two assumptions, Teble 3,2 has been derived to show the
' seresges of the verdions soll types that could be expected to prow sugsr beet

recsonably well in most sessons, Three divisions sccording to distance fyon
Belelutha sve showm, These indicete thet 20,000 scres, 51,000 scres end
23,500 seres sre 0-10 miles, 10-25 miles and 20-30 miles distent respectively.
Figure 3.1 shows the genersl location of these soil types, but not &ll of the
asreas shown sre suilsble for beet production, The rolling cowrdry conteins
large greas that sre too steep for srsble f’ﬁi‘?ﬁ.ﬁl@; Isznd of suitsble contour
for suger beet is scattered throughout the region shown.

This estimete wos mode when sugsy beet was Pirst proposed as & possible
erop in South Otsgo. Only limited informetion was availeble ab the time end 1%
%as thoupght that any syrsble land of vessonsble fertility snd having o depth of




top soil of 10-12 inches combined with & subscil of satisfactory btexture smd
hewving o flat to sasy rolling cont

culbivetion. In the case of South Clago, it was conmsidered that topogrephy

cur would be suiteble for sugey best
would be one of the mein limidting fectors. In the sbsence of sny prachicsl

experdience in the operation of suger beel mechinery, it was considered thet arees
heving 2 topom
would most probebly be suitsble for the efficient operstion of sugsr beet seeding,
Experience will heve been geined

aphy suitable for the efficient operstion of & header harvesier

inter-row cultivetion and hervesting mechinery.

from the trisl work conducted over the post bwo sessons and, afber an evelustion
of the current season's work with suger beet machinery, these estimeles may need
to be nodified and sdjiusted.

TABIE 3.2

OF LAND SUTPABIE FOR SUGSR PERT
FROM BAICIUTHA, ESTIMATED BY R,C. STERHEN

Soil Type frves 0=40 10=20 2030
emces i

Clutha silt end sendy losm 7000 5,500 1500 -
Clydevele silt losm 15,000 1,000 | 11,000 3,000
Owake silt losm 5,500 - 2,000 35500
Pukeswe s8ilt loem 4,000 - 4,000 -
Teieri silt loem 2,500 - 2,500 -
Te Houke silt loam 12,000 5,000 4,500 2,500
Tokomeiviro silt losm 65,000 - 6,000 -
Waikoikoi silt loem 3,000 - - 3,000
Yaitshuna silt losm 7500 - 5,000 2500
Woreps silt losm 19,500 8,500 11,000 -
¥heretos silt losm 12,500 " 3,500 9,000

TOTALS 94,500




Fig. 31 SUITABLE SOILS FOR SUGAR BEET - Stephen
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¥ E.Je.B. Cutler of the Soil Buresu has mede sn estimote based lergely

on pedologicsl data from the four mile survey of the South Island, {(He

enphasises that this assessment should be checked in sctusl prectice by trdsl

work on the verious soilse)

The eriteriz used were as follows:

{a)
()
(e)
(@)

(e)

(£)

{g)
(k)

Using these ecriteris Cultler has defined well suited, podersiely suited and

Deep frisble scils {A snd B horizons).
Free draining soils (or essily drained).
Texture vange from silt loom to fine sandy losnm to peaty losm.

Hedivm to high Pfertility (or the likelihood of this being
eesily sttained).

Flat or gazz%ly undulsting terrein. The Soil Puresu clsssifies
"gently undéulsting” and "easy rolling” terrain as hoving wost
slopes under 5‘{ (1)
Adeguate scil molsture during the growing season,

Abgence of & hard pen in scilse

Soile not lishle o erode under culdivetion.

doubtfully suited soils for sugsr bset, These solls are described below.

Recent soils (mostly well drsined) of the Clutha
end Hotsura s%ts;.&}

Orgenic soils end recent gley soils {essily dreined)
of the Waitepeks ond Xoau {pert) sets,

Yellow=grey esrth intergrade soils {deep pheses of
the Clydevele set) end the yellowsbrown esrths of the
Oweke set {undulsting to eomy rolling phases).

Taylor, H.t., snd Fohlen, X.J.,, "Soil Survey Method”, H.%. Department of

Seientific and Industris] Research, Soil Buvesu Pulletin 25, pp.30=32, 1962,

The soll set is & convenient mepoing unit uvsed on generzl surveys in New
Zeslsnd snd is & grouping of solls with like profiles or like sssemblages
of profiles.

See Taylor, N.IL, end Yohlen, L.J., Opscite, Deth3e
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Toble 3.3 shows the distribution of these soils sccording to the distence
from Baleluths. The location of these soils is shown in Figure 3.2.

TEBIE 3.3

THE ARER OF I4ND SUITABIE FOR SUGAR BEET
BY DISTANCE FROM BAICIUTHL, ESTIATID
BY H.J.B, CUTLER

#ileapge from Balelutha
Total S
"Suitebility" sres 0=10 5 10=20 2030
agcres
Well suited 22,527 13,512 2,76k 64451
Hoderstely suited 15,155 8,499 - 6,656
Doubtfully suited | 33,893 716 275648 5,529

On the basis of the Scil Puresu sssumptions, Tsble 3.5 shows thst
22,527 seres, 15,155 cores and 35,833 eeres way be described respectively as
well suibed, modersiely suited and doubifully saiied to sugey beet yrodustion.

5”&%}&%{3 ) states that most of the soils of South Cfsge have been plsced

in the wnsupitsble category becsuse of morve than one limiting faclore. Mozt of
the soils sre on yolling ov strongly rolling lend with neny deep gdlies and
areas of easmy lsnd sre restricted Yo narrow winding ridgelopss These soils
have hard pans, which restrict root growth and wmeny have web horizons belew the
35 and can be affected

top soil as well, They have wide seazsomnl noisture regim

by drought in dry seasons end pug essily in wel yesrs.
{
e soils of the "clay” si@%ms%‘} have weak stroctures snd in the past have

4
by

suffered much sheet ercsion when cultivabed for cereals, Huch of the dameage due

{(3) Cutler, %,.J.B. Personal communication.

{4}  Yellowegrey esrths of silt loam texture srve commonly rveferred to as
Toley® downs.
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to sheet erosion has still not been repaired. Cultivation of these soils o
g fine $ilth and the introduction of a shorter rotation mey agrin lead to
deterioration of structure snd the renewsl of sheet erosion.

The suthor is not gualified to comment on the validity of either estimate
but it is spperent that forther work is needed to determine accurately the
limitaetions of South Otago scils. However, the acreage of suger beet recuired
srmuanlly o eupply 2 fectory of sny given cepecilty cen be caleulsted from the
following formuls,

.&z”’%“

where A Lereage rewdved

i

0 = Foctory output {tons)

I = Sucrose extraction vrote (per cent)
¢ = Sucrose content (per cent)

¥

i

Yield (tons per acre of topped and washed beet).
Teble 3.4 hos been constructed to show

the sres of lsnd requived to grow
suger beet under verdous conditions. The yield of topred end weshed beet and
the sucrose content heve been varied, An cubtpud of 30,000 toneg of refined
sugay has been sssumed becsuse much of the public discussion has yeferrved fto s
factory of this size. Since the sucrose extraction rate in Britein is
spproximately 85 per cent, this value has been used in the celculstions,

Columm (1) in Teble 3.4 shows the actusl scresge of sugsr beet required

to suprly & 350,000 é:;gz; factory. However, the ares of land recuived to sustain
o given beet soresge depends on the length of the rotetion. Thus columms {2)
to (8) indicate the totel aves of land recuired as the lengbh of the rotation
{(including one crop of suger beet) is incressed from one yesr in four to one

veey in ften.



THE ACREACE REQUIRED %0 CGROYV SUGER DBEET TFOR

TABLE  Zok

A

30,000 TON FACTORY AT VARIOUS YINIDS, SUCROSE
CONTENTS AND ROTATION IESGTHS

Fotation Length
Yield Lersage in ~ - e — ~
{é;{jﬁs/aera} I Sugsr Peet e 1:6 1:8 - 1310
)] (2) (3) (n) (5)
10 25,2 100, 8 151.2 20,6 252,0
15 16,1 Gl 1 96,6 128.6 | 161.0
20 12,6 50s4 75.6 10C. 8 126,0
25 104 1 4OL | 60.6 go.8 | 101,0
0 Bk 33,6 506 67,2 84,0
10 22.1 884 132.6 176.8 | 221.0
15 o7 58.8 88,2 | 117.6 | 147.0
20 11,0 44,0 66,0 | 88,0 | 110.0 |
25 8.8 3562 52,8 70u s 88.0 |
30 Fols 29,6 oy 59,2 7heO
10 19.6 8ok 117.6 156.8 196.0
15 1361 52,4 78.6 104 8 131.0
20 5.8 39.2 58,8 8ol 98,0
25 7.8 3.2 1 h6.8 62,4 75,0
30 65 26,0 | 39,0 52,0 65,0
10 17.6 70u ks 1056 140, 8 176,0
15 11.8 7.2 1 70,8 o &t 118.0
20 8.8 35.2 | 52.8 704 88.0
25 7ol 280 | k2.6 5608 71.0
30 5.9 23,6 354 47.2 59,0

26
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Teble 3.4 shows a venge in the sres of lend recuired from 23,600 %o

252,000 scres, This emphasises the need for scourate informetion on yield,

sucrose content and length of rotetion before the recuirements of laud csn be
determined,

Some insight into the demsnds on the availeble land, within &
30 mile radiuve of Helclubhs, can be geined if the following sssumptions sre made.
{a) in average yield of correetly topped and washed beet of 17.5 tons
(5)

per 2cre.
{(b) 2 suger content of 167, 5)

{e}  Thst Cutler's estimebe of 22,500 acres of well suited soils are
capeble of growing sugsr beel once every five yesrs.

{a)  7he difference bebtween this figure of 22,500 scres and Stephen's
estimate of 94,500 acres {(i.e., 72,000 scres) is suited to suger
beet but in & longer robation,

{e) There is 100 per ecent perticipstion by formers with sulteble lend.

Under these conditions 12,600 scres of beet will be required to supply &
30,000 ton foctory. The better land (22,500 ascres) will contribute 4,500 scres
of beet while the balance of 8,100 scres con be grown on the poorer lend {72,000
ecres) in 2 one in nine yesy rotstion.

On the highly fertile flat lsnd it would be fessible to consider & one in
five rotation of suger beet worked in with ceresls and some pobatoes. The
sugar beet by-profocts could provide most of the supplementary feed required by
deiry herds end sheep flocks, It msy be necessary for some beet to follow and

be followed by pesture.

{5) ¥y J. Cempbell ¥acDonsld, Chief Technical Officer of the British Suger
Corporetion, used these figures in his first interim report to the
Directors of the South Otsgo Suger Beet Investigsbion Company. See
the questiomneaire cirveulsted by the Compsny in June 1963,  Actusl twrisl
results ere discussed in Chapler 4.
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Weed control would be & major problem on this lend, Extensive bend
weeding snd thinming of mengold snd swede orops is carrded on at present,
particulsrly on the vrich delta land,

Some soils slong the Clubths snd Pomshske Bivers sre not protected from
flooding and, therefore, in some sessons, would be 1isble fo inondstion. The
last major flood in 1957 coused losses estimeted ab £538,000 end the smwal loss
afber fifty yesrs is sssessed st £67,000. River conbrol works costing

£1,365,000 eve in the yrocess of construction snd should protect most of the

ares fyom serious flooding. When complets, some 7,400 seres of undeveloped
lané will be drained and should, ultimetely, provide sdditionsl lend suitsble for
intensive beet culbivstion,

On the "ridge” or rolling country suger beet would be incorporsbed into s
long term rotetion with pastorel ferming, winter roois snd vhest, becsuse only &
proportion of the lsnd on these fayme is sullsble for arable farming.

There is, at present, no sstiled rotation generslly used in the district.
With the application of nmore fertilizer and the introduction of improved speecies of
grasses end clovers the pasture growing season has lengbhened significsntly thus
reducing the need for lsyge screages of winter fodder ecrops. VWell mansged pasbures
retedin thelr productivity snd wigour for ten to fifteen yesrs and there is & geneval
reinctance to plough good pasbure. ¥hest prowing is ineressing repidly,
especially since the introduction of grein driers, as faymeys respond to the
favoursable whest Fri@%g Hew yotation plans would beve to be devised if sugsy
beet was introduced bul it would be expected to substibute for winker roobs and

more whest would probebly be grown on meny farme.

It is clesy from the discussion of the technicsl requirements of

sugar beet that considersble care and skill is yvequired if the crop is fo be




]

successfully grown, It is probsble thst the culiursl sbendsrds necesssry for
81l theses of best production are of a higher stsnderd then those curvently used
in Douth Obtego. Those Tesrmers in the sres who sre now growing crops on a
relatively large scale, snd using intensive field husbsndry methods, could
probebly hendle the crop adequately. There are very few {mrmers in this
cetegory. VWhere less thorough snd painstsking methods ere used, some seasons
may elapse beflore the necssssyy skills sre scouived. IT fermers are keen o
grow the crop they will learn the new skills repidly but, in the sbsence of some

enthusissm, results msy be dissprointing for the {irslt few seasons.

3.7.5 Ihe Utilizetion of By-produc

The complete utilization of tops end crowns mey present problems
particularly on sheep farms. Deiry fermers, who are secustomed to long hours of
feeding supplementary cvops, for up to six months of the yesr, will probsbly make
full use of them sad be willing to meke any surplus into silsge. The tops will
be availeble to sheep fermers in fpril, May end June when supplementery feed is
not normelly required.  Some could be used for febtening lete lapbs and cattle

55,

nd for feeding to the ewe {lock enshling morve grass to be saved, but if up to

@

10 per cent of the farw is in beet, = surplus will probebly result, Sheep
fermers may be reluctent to uwske silage snd tops mey be ploughed in on meny
ferms, especially if westher conditions made it impossibie to feed them off on
the paddock.

& factory with an cubput of 30,000 tons of refined supsr would produce
13=14,000 tons of dried pulp {or its ecuivalent). Since there is a limited
merkel for concentrated stock foods in South Otego, it is vunlikely thet this
quentity could be sold locelly, st remmerstive prices, unless en intensive catile
feeding industry was developed. However, the South Otsgo Suger Beet Investigetion

Company has quoted & price of £15 per ton for dried pulp in theiy 1963 brochure.
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At this price, which is wery mmch lower then the prices of scuivelent stooke
foods, it may be porsible fo =ell the puly throughowt the South Island,

particulsrly to the Town Milk Industry.

3.7.6 Summery
The discussion in this Chapter hss shown thal, unless ylelds and

sucrose contents eve high snd {or) rotations sre short, it is unlikely that there
is sufficient suitsble land within & 30 mile radius of Balcluths to support o
30,000 ton suger beet fuctory. (See Teble 3.4.) This becomes even rore
spperent if the sssumplion of 100 per cent forwer perticipetion in the project

is relaxed, momies of seale sre importsnt in beet processing planbs, a
factory of lower cspecily may not be femsible, It is probeble that precessing
costs per ton rise sherply ss capseity fells below 30,000 tons of refined supsw.
Thus 1% is essentisl thet an seourate estimeie of the sres of suitsble goils in
Zouth Obago be wade before the project iz tszken very fare  An experdmental

&

progravre that would provide a relisble estimste is outls
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CHAPTER &4

SUGAR BEET FEDPRIVENTATION IN SOUTH OTACO

OTACO BY THE DEPARTIENT OF AGRICULIUEE

Let TRIAL VORK CONIUCTED 1IN SOUTH

Suger beet trisls heve been conducted by the Depoarinent of Agriculture
in meny sress in New Zezlsnd over the lesst fifiy yesys. Only those located in
South Otago since 1935 sre discussed in this section.

As o result of Pascoe's preliminsyy report to the sugsr beel committee of
the Department of Industries and Commerce in 1935, the Fields Division of the
Department of Agriculbure was requested to conduct comprehensive varietsl trials
in verious paxts of the country., Investigetions were csrried out to cbtain
data on vields and sugsr content. Two types of trisl were useds The first was
a small scale trial, sown by hand, end compering ten varieties of supger beet.

The second type was = lsrge scele itrisl occupying one acre snd consisting of four
blocks, three blocks esch containing s single veriety and the fourth being &
repliceted veriety trisl similer to the amell scale trisls,

The verieties used in these {risls were those widely grown in Britein st
the time snd recommended by the Hationzl Institute of Agriculiurel Bobany.

The large blocks containing the three main verieties were divided inlo
three transverse sections, each section having s different manurial trestment.
Verious corbinetions of superphosphste, potash selts and nitrogenous fertilizers
wers used,

Of the 29 trisls conducted in warious parts of New Zesland in the 1936«37

season, three were locsted in South Otago. Two large scele trisls, one ot




Incheluths and one at Teleri, snd one swsll scale trisl ot Teieri were lsid
downe,  Spring snd swwer conditions were very webl and, in Otago, heavy rein
ard Plood ruined sops of the trislz. Yebl conditions after sowing resulted not
only in very thick strikes but slso in excessive weed growth, msking singling
and cultivstion both costly and difficult. The three trisls were so sdversely
affected by the bad conditions that they were not sempled.

In the 1937-38 sesson one trisl was located at Incheluthe. It wes
suceessfully grown and the sverage yield of eight verieties wes 32.1 tons of beets
per acre, giving 5.5 tons of sucrose per scre. This yield of sucrose was one of
the two highest in the country for that season.

These series of trisls were continued in the 1938«39 and 1939-40 seascns
in Canterbury. Ho further offiecisl {trisls were conducted in South Otago until
the 1562-63 sesson vhen two smell scale repliceted variety trisls were sown,
These trisls are discussed in some detzil for they constitute the bulk of the
relisble dats.

helat YVariebies Used in 196263

For these trisls the following nine varieties were chosen:

1e  Shoype's Flein B {neturel seed)

2. Charpe's Klein © {rubbed seed)
3 Bush E (rubbed seed}
he Push ¥ {(rubbed seed}
5. Push ¥ {natursl seed)

6. Shorpe's Folybeet (2 polyploid veriety)
7.  Trirsve {also known as Triplex M)

8. VMonogerm Triploid

9.  FHussisn

The triasls were sown in rendomised block design, with five replicstions.
Individual plots consisted of one row 33 feet long with inter-row specing of
22 inches,  The seed was hsnd sown with seeds at two inch speeing and the plents

lster thinned to ten inch spscings.




hel1.2 Flant Counts Soon After Cerminstion

4 specific feature investigeted by the Department of Zgriculbure
was the number of single plants produced from the germinsted seed of each variety,
Hetursl, rubbed, polyploid snd monogerm were expected to produce different
proportions of single planis st gerwination, |

£ sumery of plant counts over the whole counbtyy wee ss follows:

(2}  Yonogerm triploid wos outstanding in producing sprroximetely
90 per cent singles from germinated seed,

{b)  Polyploid Trirave {Triplex ¥), Sharpe’s Folybeet and Sharpe'’s
Klein E (robbed) produced sprroximetely 70 per cent of singles.

{e}  There was an spprecisble difference between Sharpets Klein E
neturel and rubbed ssed. The treatment of rubbing incressed the
percentage of singles from 40 per cent to 70 per cent.

{ay The rubbing trestment in the cese of Bush ¥ had little effect

in changing the occurrence of singles s judged by its comparison

with neborel seed of the seme variety,

(e} Hetural seed was charecterised by meny multiple emergences,

4ele3 Replicad
Deteils of the replicated verdety trisls sre given in Teble heota

TABLE Lot
Location Glenore Cubram
Leate Scun | g&&%éﬁég ’ %&‘ %’%aég
Soil Type Wareps silt loem Cluths =41t Joam
FPrevious Crop 196162 whesat Pasture
1960~61 swedes
after pasture
Fertilizer per scre Feverted super 1.5 owk.
mixbure 35 owt. Borated super 1.75 owk.
- Hitrolime 10 owt.
Date of horyvest 745463 2065563
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Table L2 shoss the resulte of plent counts soon efter germinations

Stetistical tests using Duncan's Yultiple Renge Test' ') sre shown, The first

colurn lists the key for identifving the varieties in subsecuent tables.

TABIE Le2

¥ey Variety Cutrem Glenore
¥ Honogerm Triploid 9l et 92 ai

T Folyploid Trirave 76 bB 77 bAB
P Shsrpe's Folybeet 68 BEC 76 beiB
KEn Sherpe's Klein B {(rubbed) 66 beRC 63 cdiC
BER Bush & {rubbed) 50 cdCD 5k deCh
BE Bush ¥ {rubbed) 27 e 53 deCD
B Bush ¥ (nstursl) 43 deDE 40 eDE
REm Sharpe's Klein E {(natursl) 32 elE L2 eCDE
R Russian 30 ebE 23 B

C.Ve (%) 15.0 16.7

helel Detmiled Fesults

The trisls were havrvested and weighed (separately for tops and

roots) end were sempled for dry mebier content of tops and roots and sucrose

content of rooits. The results sre tebulsted in Tebles Led, boliy heb and Lo 6.

{1} Puncan, D.H,, "Huitiple Range end Multiple F Tests", Biometvies 11: 1,
1955,

The test is interpreied ss follows:

(a)

iny bwo verieties or trestwents sre sipnificantly different if they
do not have the ssme lebler in common.

iny two verieties or trestments eve not significently different if
they do have the szawme letler in comwon.

Capitel Jetiers vefer to differences significant st the 1% level
of probsbility snd lower case letlers refer to differences
significant at the 5 level of probebililty.

The higher the mesn, the nesyer will the letter be to the beginning
of the alphsbet,
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TABLE 43
PERCENTAGE AND YIEID OF SUCROEE
Percentege Sucrose in Roobs Yield of Sucrose t Tons ee.
Variety Glenore Cutram Glenore Outrem
M 19.1 1603 he57 ebi 5,02 bA
T 19,0 16,2 he52 &bi Zedi3 #2bA
F ‘3%.34’ 1 ?a 5 3& ?}5 ba 39 Eg #bi
BER 19.3 171 460 i 3ek5 #bi
42 ?9334» ‘féog z&cﬁé shi 3&5*5 ‘Bl
om 18.7 1604 4.05 bl %e 50 abt
By 19 1 1641 Lo 20 &bt 3e38 abl
it 19 3 16,0 HeH5 abh 310 gbd
R 197 15.5 3,98 aba 3:04 b2
5*?0 {?‘é} g&g i{}s§
TABLE  hob
DRY HATTER IN ROOTS AND TOPS
Dry ¥atter % in Roots Dry Hatter % in Tops
Variety Glenore Cutram Glenore Outram
e 27.0 23.9 15.9 13.7
T 2643 22.6 1he5 15.2
B 27.3 2he 7 18.2 16,2
KER 26.5 23.6 1ha6 153
BHER 26,8 22.5 151 Hie O
BR 2661y 23¢9 e 13.9
i 26.3 23.2 e e b
KEn 26.9 23.6 169 hed
E 271 22.7 15.14 13.1




TABIE 4.5

EATIHATED® GRENE YIBELDE OF HIIBS AHDp TORE
(70NS FER  ACEE)

Bulbs Tops
Variety Glenore Oubram Glenore | Outrem
Hr 22,0 18,5 1961 2561
T 21.6 213 15.8 18.7
F 15.6 18.6 1he 5 17:5
KER 21.9 203 15e1 203
BER 21.2 225 171 22.4
BiR 18.3 21s2 17.9 202
B 194 210 208 1564
REH 21e2 194 157 18.7
R 15.9 19.6 18.3 25.1

#* The estimsle was obteined by converting from

percentage dry metiers.

DRY MATTER TIEIDS OF BULES

TABLE Le6

AN TOES

(TONS PER ACRE)

Dy ¥atter Yields of Bulbs Dy Yatter Yields of Tops
Veriety Glenore Cubrem Glenore Outram
6.0 at holy BA 3.0 248 362 sba
He7 sbt L8 bt o3 bAB 2,8 abs
hed bl Le6 abi 2.6 bAB 2.8 sbd
5.8 sha he& 8b2 2.2 bB 3e1 8b2
5e7 abh B¢t ah 2.6 abAB 3¢l abA
L8 abi 5e1 i 2.6 sbiB 2.8 aba
5.1 8bi Le9 8bi 3.0 2B 202 bd
5e7 sbh Lo sbi Ze7 ebiB 2.7 aba
he3 bA 45 DA 2.0 &biB el 8h




37

Pable L% shows that sucrose percentages ond sucyope ylelds per sove wers
consistently higher ot Glenore.

The very high drv mebher content of sugsy beet bulbs is shown in Table 4.4,
thet of the tope being considersbly lower.  Vhen converted o & fresh weipght
basis the bulbs ylelded epproximately 20 tons per acve snd the tops a little less.
There were no consistent yield differences between verieties,

It should be enphesised that these trisls were on a small scele snd were
very efficiently conducted, [igh stenderde of fleld hasbandry would be reguired

to reproduce these resulds on & form scsle.

be 2 TRIALS CONDUCTED EY THE SOUTH ORAGO SUGAR BEET INVESTIGATION CC. 1ID.

In the 1961-62 season 38 farmers grew trial plots of suger beet, The
season was considered an exceptionally good one for roob cropse These crops were
sampled and tested in Lpril snd sgein in ¥ey 1962, Five plants were rendomly
selected from esch plot, weighed, and the yield estimsted by veing an assumed
standard plant population per scre. The suvcrose content wes casloulsted from
pocket refvoctoneber readings.

The yesulis hove been summrizsed ss follows:

TABLE ho7
COMBANY TRIALS s 196162

April Test Hay Test
English® B Ba fo %% English® UeBahip¥%
HSewd Seed Seed Seed
Bulbs {tons per acre) 29.0 Zhe B 35.5 275
Sucrose (%) 15,87 18,37 15,10 18,30

*  Mudtigerm Seed #%  Vonogerm Seed
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Turing the 1962«63 sesson trisls werve sgein leid down by the Compary,
These trisls were bested and snslysed by the Depurtment of Agriculture. Owing
to late srrivel of seel in Nev Zeslend the trisls were lsts sown snd then
encountered & dry spell,  Sixteen of there trizls were sown. Hine were
successiully conpleted, the rempinder being sbendoned due to poor establishmerd
and weed infestation,

The method of ssmpling was to dig end weipgh ten feet lengbhs of bwo dnside
vows in twe positions in esch plot, The welghts of these sanples were sversped
and the resultant figure used o determine the yield per acre. Tops and bulbs
were weighed sepsrstely. Pulb yields venged from 5.3 to 12,9 tons per scre.

The more importent resulis are given in Yeble L.8. These show thet the
Company trisls have given ruch lower sucrose yields than the offieisl Department
of Agriculture triels in 1962-63. This iz significant and can be regerded as
some measure of the difference to be expected between commercial production of
suger beet and the resulbs of efficiently conducted small scele experimentsl

(2)

Experimental work by both the Department of Agriculiure end the

trisls,

Investiceting Compeny are continuing in the present season (1963-6L) but the
resulis sre not svaileble for inclusion in the present study. IHowever, &
desceription of the triels up until ¥erch 1966 is given.

Pive sites, esch of 2 to L scres,were seleetsd with the objective of growing
beet throvgh to harvest using mechenicel methods only. The six eress sre briefly
deceribed below.

Site 1: 2 rectangulsr level site on the Clutha silt and sendy losm soil,

previcusly cropred with swedes.

Site 23 4 level site, neer the ccest, on the Verepe silt lowm, previously

oropped with  choumpellier,

(2} Devidson, BsH., "Crop Yields in Experiments snd on Forms®, Hature,
195 (4872)s 2, ¥ay 5, 1962




TAEIE L8
COMPANY TRIAL ANALYSES @ 1962463

G %, *
Lo 2%l
GoWo* Gwe® 1 {Seg~ C.7.® |§ Webbs | Batiles
Loeality Honogerm | £.214 | wented) § 737 392 i B

Fercentope Sucrose:
Romahaps 18.6 195
Hengaloa 16,8 170
fharetoa 16.7 | 15.6
Honeyrore 1961 ; : 18.8
#ilton 18.7 17:5 17:5 19.0
Hillend 153 | 1503
Owska 18.0 16,0 15.3 15.9
Kurdiwso 16,2 16,2
Incholutha 160 : 16.0
Tong of Sucrose per scres
Fomshaps 1.63 117
Yangelos 1.83 , 1.89
Whereton 1,62 ‘ 0.93
Honeymore 193 1o 8l
Hiton 1.62 1.58 te32 1 0L
Hillend e db ' 1e13
Oweks 2,19 1. 82 1. 60 162
Furiwso 1ol ; 1ol
Incheluths 167 2,00

*  (yest Yestern. These sre lines of seed cobtained from the
Grest Western Suger Compsny, Denver, Colorado, U.o. 4.




Site §: Two ecres of s Yoy ploughed paddock on rolling bill land,
previously eropped with whest, The s0il type is the VWarepa
511t loam.

Bite 42 2 similer srea to Site 3.

ite 5: 2 level hill paddock, previcusly in gress on the Clydevale

£

silt loom.

A sixth site in West Otago has been usged; but this is cubside the district
considered in this study.

The culturel operations st all sites were supervised by Officers of the
Depasrtoent of Agriculiure, 4 fertilizer mixbure of 3 cwhe éi" boronated super
with DUT end 21d8rin, to control sny gress grubs or spring teils, plus 2 cwte of
Hitro=lime was spplied to all sreas. Soil tests were corried out to determine
the requirements of potesh snd lime and these were spplied where nscessary.

The mechenizetion {trisl avess were sown with Sherpe’s Rlein E rubbed and
graded seed, It wss used because it hee glven congsistently high yields with
high sucrose contents in New Zealsnd trisls sndy slthough it hes not the wonogerm
characteristic, it is more resistant to bolling and virus yellows then any of the
Lrue monogern verieties,

The seed wag mown in lete Zeplenmber and esrly October with specing drills
losned to the Investigetion Compeny by two commercisl firms. 211 mechsnizetion
trisl ploie were 4rilled on the flat =% & yow width of 20 in. and st 2 seed
spacing of 1.5 ine Cerminstion wes pood ond the crops started off well.

is chemicel nmesns off weed conitrol were not used on the mein mechanization
sreas, it wes Imperative thet mechenicel weed control work be of e high standerd.
The Compeny provided s tractor sné s driver who was responsible for 21l the row
crop worke. Two {ypes of steerage hoe snd three types of thioning mechine were
useds The resulls of {his work were excellent and weeds weye well controlled

until the beet folisge met over the rovws.
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Harvesting is plarnmed o commence in Aprdl using twe types of mechine,
It is plenned to hayvest esch crop in one sbtenpt becsuse this would give more
oprorbunity for devising snd developing o systen of working under the particuler

conditions of esch site,

s and give s vate of working more representstive of thet
likely to be cobiained in practice.

In sssocistion with the large mechsnigzation trisls, veriebsl, fertilizer
snd weed contyol frdsls beve slso been 1pld dowp by the Depevivent of dprisuviiwrs
while the Flant Uisesszes Division of the Depertment of Sclentiiic snd Industrial
Resesrch hse been exsmining crops for peste snd dlsesses. Beet storage end
hendling problems ere slso to be studied.

Although this work is sore comprehensive then sny previcusly altempbed in
the dletriet, it is being conducted on e very smell budgel and perheps should be
regerded as & suger beel demonstration rether then a2 properly designed and
executed triel. The culline of 2 reslly sdecuste progromme of frisl work to
sngwer the weny importsat cusstions on sugey beet husbandry, under Hew Zesland

conditions, is presented im Chapler 8




THE S0UTH OTAGD Fard  SURVEY

In ¥arch snd June 1963 the suthor visited 34 farms in South Otego.  This

survey is discussed in the present chepter. (1) The survey swres is confined to

the region within s thirty mile radiuve of Balcluths end the Jocstion of the ferams

visited

5e1

is sheown in Flgure S.te

¢ OF THE SURVEY

The swrvey wes designed for two mein purposes:

(8} To select farms from which sufficient dets could be obisined to
engble the hypothesiz, thet sugsr beet 1o & profitsble crop for
inclusion in peyticular South Otego ferming systems, to be tested,

(b} To familisrise the suthor with forming conditions generslly, in
the district.

The term "farm survey” is used here to mesn 2 series of interviews with

farmers to gein informetion asbout the profitebility of their present enterprises,

detsile of their current Term mensgerent practices and to discuss with them the

techmologiosl changes which sey be sssoeisted with sugsy beet culiure.

Apriculture is increasingly subject to repid technological chsnge and

Peyr Yensgenert vesesrelh workers sre becoming sore concerned with determining

ooy
nels
St

Survey methods and technicues sre not discussed except where they are
vertinent to the present study. For a genersl discussion, the interested
vesder iz veferred for Vesney, De, "4 Study of the Finsncolel Hetuwms to
FProcess Fes Growers in Hawkes Fay", Vol. I, ppe 5-6i, Unpublished Hasters
Thesis, Vassey University of Henswetu, 19064,
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Fig 51 THE LOCATION OF THE SURVEY FARMS

SCALE

4 (o} 4 8 12 miles
[ Py i 4 -




optimm sdjustments to these changes. Cendler, in discussing technological
change in relstion to Farm Mensgement Resesrch, bas said,{g)
“The sttitude to changing technology determines the sort of problem
that will be teckled. Thus the resesrch worker who is interested in
studying edjustments to 2 given technology will loock for an syes of

uniform soil type, farm size end forming system so that the "between

Tarm® gifferences will be o winivums The resesrch worker interested in

adjustment to chsnging technology will attempt to fovesee & new Tarwming

practice which will be profiteble and hove a major impsct on farm
orgenisetion. I the impset is on an sres of different soil types snd

Torm sizes this mskes the snelyses correspondingly wove difficult, but

not necessarily less worthwhile.™

fuper beet culture is o gs%si%iia new ferming prectice which may be
rrofitable snd i¥ grown intensively would heve s mejor impact on farm orgenisstion,
Where Faym Honsgerment resesrch is motivated by this desire to determine optimum
sdjustments to & chenge in technology, at the farm level, then fermers who have
made or who sre interested in the change should be interviewsd.

A significent festure of this study is thet it is exsniming the possible
impeet of an enbirely new crop. Since suger beet has never been grown
compercially in South Obsgo, informetion at the ferm level is rvestricted to
fermer opinion. Few farmers hove mede sn intensive study of the crop snd most
zre probably nol awere of its speciel husbendry needs.  A1lthough theve iz peneval
interest in sugey beet throughout the district, deteiled technicsl informstion
has not been sveilsble to farmers.

A further factor of major importance is the differences in forxming sysbens,
soil types 2nd contours within the eres. This diversilty mskes some form of
district stretificebion necessarye

These considerstions, together with the limitations of time and resources

made it necesssry to have o purposive selection of ferms so that the faymers

interviewed would have some knowledge of, and interest in, sugsr beet. This

{2} Candler, W.V., "Production Zconomics and Froblems of Animel Production®,
Froce of the M.Z. Soc. of Animal Production, 223 1434, 1962,
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method of selection inevitably leeds to bias in the sa@l&.{i ) In this instance
the sssple is probebly bissed towards the move progressive former - the one who
is interested in new innovelions snd is willing Yo try oul new idess, However,
these innovators in sny district are the imporbent individusisz fo study for it is
from the experiences of such fermers that new idess sre formulated (or first
tested on & ferwm seale) proved and then sdopted or rejected by others.

The econopic position disclosed by the sample probsbly, bub nobt necesserily,
inddestes s wore prosperous situstion than scbually exists in the district as o
whole.

Since one of the main purposes of the Tarvm survey wes $o select suitsble
case farms for study =nd not to conduct e statisticsl anslyeis of the survey
resulis, the problems of bilas in the sawple are not very importent, 4 rendom
survey of farms cen usefully be made where it is necessery to "dlscover®
innovaling fersers but this should not often be necessery, because Farm Advisory
Officers, personnel of cormercisl firms and leading formers ell have 2 Inowledge
of innovetions going on in their aress. 4 small muwber of veandomly selected
foaxms cen, however, be used as "benchemerks® with which $o compsre feyms using
& new technology. This comperdison is not possible in the present cose becsuse
sugar beet is not being grown commereially at present on eny farme  Thus yandom

survey procedures were not used =t all in this study.

HODS UnE

Three individuals were esch ssked to provide the nswes of LU farmers who

were lmown to be interested in suger beet. Those sshked were:

(3}  ERewrmel, P.N., "ipplied Statistics for Bconowists®, Pitwen, ¥elbourne
1959, 1125
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1e The Ferm Advisory Officer, Depsrtment of Agriculturey Bslelutha.

Ze The Porm Beonordst, Deperitvent of Agriculiurey Dunedine
S The Secretery of the South Utags Sugsr Beet Investigetion
Gompenye

Prom these lists selections were msde by tsking nemes, prefersbly common
to the liste, to give 2 ressonsble geographical coversge of the possible beet
growing sress, Yost of the fermers interviewed had attended the meebings held

in the district and had given the subject some considerstion. Heny had grown

e

m%ﬂ

1 plots of beet on their ferme snd had cbserved its growth over one complete

o

gesson.  OF those farmers conbseted almost all were willing $o be interviewed
and deteiled physicsl end finencisl dets could heve been cbieined from
sppyoximetely 50 per cent of the respondents,

2 gouestiomaire wes designed priwmerily to provide inpub-cubtpul dats,
production possibilities and resivictions for lineeyr programming snalyses snd to
sssess the farm penngement practices used in the district. This questionnaire
was tested in ¥March 1963 on five farns. The test showed that it would be oo
time consuming to sbtermpt to collect detailed cost information from individusl

fermers. Hodifications were made o the survey questiomnsire and enphasis

rlaced on physical inpube-oubput date snd lsbour inpuis. Host of the cssentisl
cost and price informetion was obiained from commereisl firms, Government
Deportments end published price lists. The smended cuestionmmaire wae used for
the mein survey corvied out in June 1963 when o further 29 fsrmers wers

(%)

intervieved.

(L} It may be noted here thet detsiled information wes only collected where
it wes reedily availsble, Hinee the purpose of the survey was to
select suiteble fersms for detailed study, no atiempt was made to i1l
up the complete cuestiomnsire where elther data was diffieult to
obtein or the ferpmer was reluctent to supply it.
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Cwing to the difficuities inherent in the concept of the "zverage” or
*Yypical” f%még ) as constructed from agoregebed dsts as well sz the faclors
mentioned in sectiom 5.1, "ecase" or sctusl faymes heve been selacted for
intensive shudy. The oribteris for selection were: |

{a]  Thet edecuste physiesl snd finencial records were availsble.

(B} Thet the farmer was willing %o disclose the relevant records.

(e} That the memsgement systems in broed ocutline appesred representstive
of the locality snd soil type concerned.

The vse of & smsll nunber of case forms does not sllow deteiled inferences
to be mede sbout the region as o whole, Formers and thelr advisers should,
however,; be sble to meke the necessary chenges of debsil to the “case form® data
to meke it conform with a pertieulsy farm, and then budget s useful result.
Genersl inferences based on the survey date, conbinped with the judpement of the
investipeior sre poselble sod indeed essentisl, bub the vesder and the snalyeb
should reslise thel interprebstive judgenment is one of the bases of this

inference. 48 move cass favn resulis becowe svsilsble, inferonces cen be made

with incressing oo

The survey shows the two brosd ferming systems at present used in the erese
It 2lsc shows o very diverse farming pettern within the brosd groupings which
makes the definitiong in detsail, of an aversge or typlesl system lmpossible,
This is to be expected in a dlstrict with such & wide range of soil {ypes and
conbours.

Deivying predominstes on the rich, fertile scils in the Stirling-fsitangotoe

Inchelutha-Farsted Gistriets, Substantisl scresges of fodder crops ave gg;rm and

(5) Cendler, %.V., and Sercent, D, "Ferm Standerds and the Theory of
Production Economics", Jnl. of Agric. Beon., 15 (2): 282-290, 1962.
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the feeding of them commences in Aprdl and may conltinue until Uctober. Some
potstoes and a 1itile whest zre grown.  Some of the layger properities sre run
as intensive fat lsxb enterprises with potaloes as 2 cash erope There is an

&

incressing demand Tor winter zdlk from Dunedin snd many dalry farmers have o

smell town milk quote over the winter months,

v3

‘he remainder of the region is devoited Yo fat lash ferming with the
asssocisted fodder crops of swedes and choumpelliier. Fhest iz bhelng growm in
increasing smounts in the lower rainifsll sress, but not in the Owasks Valley where
the relsbively high swmer reinisll mekes heyvesting very difficult. Crops of
barley, oats, linseed, ryspgress seed snd clover seed sre occasicnslly grown but
are sll of minoy importance, The msjor products are wooly, Lot lanbs and,
ineressingly, vwhest,

Hany sheep fermers sre experimenting with new rotetions, especislly those
who heve recently started growing whest. The daivy fermers have o stebllised
rotation but oropping seqenses very from Form to fayme Despdibe the generslly
accepted necessily for winter rool cxops, two of the farmers visited were using
2ll grass systems. One, » sheepfarmer, bhas groen whest for the last three yeers
but no fodder orops and velies on seved grass snd hey for winter feed, The other,
a dairy feymer, buys hay snd sekes laovge quentities of gress silsge.

The smell sswple size end the diversity within the sample make it

Sowe siwple tebulstions sre given belew which broadly deseribe the survey farmse

Doteliled deoseriptions of the case farms are given in Chapter 7.

The syrvey ferms can be classified in tearms of the livestock carried

as follows:




Zheep and cebtle 17

Sheep only 10

Dairy cettle only

Pairy cattle and sheep
Total

Bule2

Thirty of the ferpers stated that they would have no difficulty in

fiopncing the porchese of new plant end mechinery for suger beet growing. They

e

217 had subsbentisd cosh reserves snd fer ldsbilities.

recently purchased thelr properties snd were developing

zht

=t o small soresge of suger beet would provide a28ditions]l urgently needed cash

thedr farvms sz repidly as finence would perwit. One of these farwers tho

for Turther development.

One dairy former with only 8 smell ares of good land had lsrge ldishilities

and would only grow the orop if it was bandled by conbractors.

5e3¢3 Form Incomes

On forms where the ammual sccounis were mede svaileable, faym profits
before tex were in the renge £1,450 to £6,000, Only one ferwer considered his
ferm income too low and he wes thinking of selling his smell sheep farm and buying
& layger property with move potentisl, The other fermers said they 41d not feel
the need for additionsl enterprises to incresse farm income.  Sheep farwmers hed
incressed carrying capacily and hed grown move whest over recent years and these
measures had meintained farm income in spite of falling west end wool prices. All
considered thet with incressed vabes of fertilizer applicstion and subdivision

crenge production Durthere The two mein ressons given for not

exploiting this potentisl were the shorbsge of sulisble lsbour and the high retes

of tsxstion the incressed income would stiract.
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Dedyy formers thoupght thet caxrvying cepacities could not be incressed very
woeh further without large cepitel investment in sndwmsl heousing feeilities.
There may, however, be scope for cheaper methods of production by growing fewer
crops and relying nore on pesture., The town millk guote has helped meintein the
jncomes of some delrxy formers in recent yesrs.

The sbove ploture of & relstively comfordsble situstion obitained, soven

before the recent rise in wool prices.

Be3els Form Size

The suyvey ferss ave clasasified sccording do acrssge in Teble 5,16

TABLE Bt

FARM SIZE
Sheep Tairy Mived o
- ficresge Renge Forms Farms | Ferms Parms
O 250 . ; ;
s 70 p 2 1
7511000 5 :
12511500 . 2
ore en X 1 1
Totels i 27 5 2 34

Teble 5.1 shows thet 20 farms sre in the renge O-500 acres and 29 farms
in the range 0-1000 acres.

5¢3¢5 Lebour Employed

The lsbour pomition on the swrvey ferms is extremely complex and
depends on the type end intensity of ferming end the family situstion, Some

cemers work only pertetinme on the ferm, having sons who sre teking over increasing




responsibilities and in olther ceses isbour is shered between two Tarms.

Casusl lebouyr iz used by #1l farwers, but in widely different amounts,

Hony deiry fermers nesr Beleluthe employ school boys for hend weeding snd thinning
grede ond mangold cvopse Contraclors ere employed extensively for hearvesting,
spreyving, shesring and Tertilizer and lime sowing. 211 faymers do their own
cultivetion work snd & few employ an edditionsl trsctor driver when necessery.

A%L Perymers ssid thet there was & sericus shortsge of labour in the
disbricte Any sudden snd shmultaneous demend by fermers for sdditicnsl lsbour
could not be met. The main sources of lsbour were thought o be {reezing workers
in the off-sesson, port-time farmers, neighbouring fermer®s sons snd school boys.

The undds of permanent lebour sveilsble (including the owmer) on the survey

forme sve shown in Toble 5.2

TABLE 5.2

FERMANENT LABOUR AVAILABILITY

Unite of Labour® Humber of Farms
10 7
Teb 3
2.0 10
2.5 L
3.0 7
365 1
Lo ld 1
6.0 3

¥ One lsbour unit is eguivelent to one
adult mele permenent worker.

Hote: Sixieen single wen snd twenby-one merried
men {including six on the one very lerge foym)
are exployed.
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Host fermers owned or hed sheres in 2 full range of cultivation and
grass cubting machinery. Seversl had sheres in conbine harvesters. Two
formers were instelling lerge cepscity prain driers sod grein storsge silos.

The nunber of trectors per ferm is shown in Teble 5.3,

TABLE 53
WOMBER OF TRACTORS FIR FARY

Tumber of Tractors Munher of Forms
4 &
2 th
3 14
L 3

In most cases the second or third tresctor was an 0ld model which had not
been traded in when a new one had been purchaseds These tractors sye only used

et pesk perdods snd mey not be capsble of withstending sustsined hswrd worlk.

Iivestock and cropping policles veried merkedly from ferm to forme

They depended upon rainfsll, =oil type, soil fertility, contour snd the preferences
of the owner.

The seven i;mma who kept deiry cows resred thelr own herd replacements
and four of them used the Artificisl Breeding Service of the Hew Zesland Dairy
FProduction and Varketing Boerd. Two farmers ren Jersey cows, while the remsinder
had Friesisn herds,

The livestock replscement policies on sheep ferms included ypurchasing aged
ewes, purchasing two-tooth ewes and retaining ewe lawbs for flock replacements.

411 of the survey sheep ferme ren Romney ewes only. Cettle were kept by 16 sheep
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formers. A small breeding herd wes meintained on 14 forms, while steers were
fettened on two foarms. Catile wers not kept on 11 farms.

The fodder crops grown were wainly swedes on sheep farms and some, or all,
of swedes, mengolds and choumoellier on deiry ferws. In sddition, vape, kale,
greenfeed osts, preenfeed barley, ryeccorn end lucerse were grown on one or more
farms. As noted in section 5.3, Todder ecrops were not grown on two forms,

Wheat was the main cash crop, with some potatoes on the wore fertile land.
Uats, berley, linseed znd grass and clover seed were slsoc hervested on an

oceasional property.

5¢3.8 Henegement Chenges Over the Last Five Yesrs

Thirteen fsrmers had either commenced to grow whest or hed
substentisally incressed the screspe grown, three were engaged in ferm development
projects, two had chsnged to en all grass system, while sixteen had wede no major

changes.

He3e9

Few fermers had given fubture changes, except suger beet production,

serious thought.

ther incresses in whest growing were considered feasible,
especislly since the introduction of efficient whest driers. Some with suitshle
soils hed considered potatoes, but the sbility of the market to ebsorb incressed
supplies was s limiting foctor.

Ten farmers were interested in increesing cattle nurbers and one wes

actively investipsting the feed-lot syzten of fattening using howe grown grains,

Provided beel prices remain favoursble, these men consider that cetile breeding on
the steeper couniry and fattening on the richer lsnd has considersble potential for

exransion,



5:3.10 Ferm Topoprephy and Suger Beel Acreage Offered

Farmers were ssked for topogrsphicsl deteils of their farms and how
many scres of suger beet they would be willing to grow with the information and
experience they had in June 1963, Teble 5.4 has been compiled from the snswers
given.

TABLE 5.4

CONTOUR CHARACTERISTICS OF THE SURVEY Fams
AND ACREAGE OF SUGAR BEET OFFERED

Total Averape Per Ferm
{acres) {acres)
Surveyed ferm aven I 20,760 610
Ares flat 3,776 111
Ares headeble 15,022 b2
Area suitsble for sugsr beet 10,440 307
Ares offered” 54355 12,8

#  Of the 34 fsrmers, four did not know how much sugsr beet
they would offer to grow, three would not grow sny, end
one wouid only grow the crop for a yesy or two to help
esteblish the factory.

Teble 5.4 shows that only two-thirds of the hesdsble syes would be sulisble
for sugsr beet, Formers considered thet sugar beet mechinery could not operste
on the steeper and more broken coumbtry that is negotisble by heeder harvesters.

Teble 504 also shows that very limited sress of beet would be grown on
these farms at the time of the survey., This lsck of response was yprobebly due
to twe main factors, Fivstly, thst fermers considered thet theiyr present incomes
- were ressonebly adecuste end, secondly, & lack of knovledge of the technicsl

requirements of the sugsr beet crope

563,11 Culturel Conditions for Suger Beeb

Ho d@ifficulby was snticipsted by ony former in having the seed bed



55

yrepsred by late September or early Gctober. However, many farmers thought

that harvesting should be complebed by late subtumm or esrly winter so that
possible difficultiss, due to wet soil conditions, would be svoided. The months
by which most of the hesyvesting should be finished iz shown in Table 5.5.
Heyvesting mey be possible in svbsecuent months in some yesrs, bubt could be
seriocusly interrupted by excessive winter rain.

TRELE §s§

Honth flurber of Forms |
Herch | 1
Aprdl 12
Hay ] 16
June L
Ho restriction 1

Teble 5.5 indicates thet harvesting mey be difficult on 13 farms from

1 Yoy snd on 29 ferwms from 1 Juns.

5e3.12 Gross Mergin ' Requived from Suger Boeb
Fermers were asked whether they could estimete the gross vergin
they would requive from suger beet relstive to vhest. This wes diffieult for
them to snswer accurately becsuse mony Tarmers had limited knowledge of the

requirements of suger beet production.

{6} Gross Yergins ere discussed in Chapter 6. For present purposes,
it is sufficient %o define the CGross Heargin as Gross Revenue mims
Vorisble Costs.
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TABLE  5o6

GROSS MARGIN RECUTRED FROM SUGAR W (F¥R  ACRE)
RELATIVE T0 viRar (FER )

, , , "
Relative Gross ¥argin Per icve ] Number of Fermers "
Do not know | 2
£ gimiler reburn L
A higher (unspecified) return 5
£5 per scre highey 2
£10 per scre higher 15
£15 per acyve higher 3
£20 per acre higher > 3

Table 5.6 shows thet, even for the small sress offered, 28 fermers wanted

e higher gross mergin for sugsy beet than for whest.

503:13% Ume of Tops é‘}n‘g 3?@%{%

Sheep farmwers considered thet esrly havvested beet would provide
tops at a time when they would heve 1ittle use for them except possibly for
fattening late lanbs., The later tops would provide serly winter feed for ewes
and mey substitule for some swedes., They could be fed to cattle at all times,
Zheep farmers discounted the velue of the tops; smell tonnages could be used bub
v fermers said they could meke good use of the tops, substitubing them

for choumpellier in the subtumn and for swedes in the winter. fny surplus could
be made into silage for spring feeding and substitube for mengolds,

53ty Use
Stock feeding concentrates were pot used extensively on any of the

of Pulp

survey ferms, Sheep nuts were purchesed by some farmers, meinly those with stud

flocks, but these did nolt exceed two tons per farm each yesr,
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Formers did not think they would use the pulp unless it wes very cheap
and eould be easily fed to stoek in the poddock. Those who were inbterested in
stall feeding cattle thought it mey provide a source of cheap feed and one, who
t he could ubtilise lerge quanbities

is close %o the propossd factory site, though
of webt pulp, fresh and ensiled,

5ok CUMMARY

Host of the survey farms sre in a sirong financisl position snd ere
rroviding retuorns vhich are sstisfectory to the owners. There is said {o be
no surplue lsbour on these farms, which is felt to be one Tactor limiting further
incresses in ocubypub, the c%%z%r being the high incidence of tazation on increased
esrnings. Flant and mechinery inventories syre adequete for present purposes,
Some investment is being made in grain hervesting, drying and storsge equipment,

Ho redical management changes have been made over the last five yesrs on
the majority of fayms, except the two that have changed to an all grass system,
Cayrying cepacities have been rising and there has been o gradusl move into morve
cash cropping.

Formers consider that diversification prospects are limited snd see supsy
beet ss an entervrise with an sssured locel merket which could help stabilise
faxrm income if the prieces of export products fell. They sve only willing, at
present, to consider small screages which would not disturb their basic forwming
policies. Sugsr beet, therefore, has to it in sround existing enterprises
which makes the use of the by-products difficult, especislly on sheep farms. On
doixry ferms the lops could be used readily bub orgenisstionsl changes would be
requived to utilise the pulp.

Fermers close to the proposed factory hove recognised their advanbage end

mey be willing to sel up specisliised feeding feeilities provided sueh a venture
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was shown fo be profiteblie, I this wes done, lsyge cuanbities of welt ply
could be used,bolh fresh and ensiled.

Hery farmers insisht on esrly harvesting but they do not foresee planting
ration is complebe, It would appesr thet a

eross mergin substartislly higher than wheet would be reguired to induce farmers
to grow even emell screages.

It should be noted thet the opinions expressed by the survey farmers were
those held in June 1963, Conbimuing trial work is providing move dsta ond
formers views mey be wedified as they evaluste new informetion,  Espeelally if
larb snd wool prices fell, they mey be willing to consider the mejor orgsnisstional
changes which would be necessary to ensure the efficient use of the by-products
of beet sugsr production,
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CHAPTER 6

THE ESTDIATION COF GROSS JARGINS

The mejor objective in the evalustion of eliermative farming prectices is
to help feymers to rsise their net form incomes. Attention is directed towsrds
finding new conbinetions of farm enterprises, consistent with the resources
availsble, which will incresse profits. In the short run resources on a farm

ere fized end the verious enterprises must compete for thelir use. Alternstive
farm pleang sre exemined until the one which most profitsbly uses the aveilsble
ressurces iz oblsined.

The teclmicues of h&&geﬁiﬁgﬁ) and linesy ;:mg;x&zfmg{ 2) can be used to
evaluate sliernative farm plens. Budgeting allows & step by step approsch %o
{but not necessarily the atisinment of) the most profiteble fovm plen. If,
however, the problem csn be formulsted in & wenner sppropriste for the use of
linesy progremming the wost profitsble form plan con be determined, given the
resource and other restrictions.

One essentisl recuirement in the use of either technicue is the caleuletion
of enterprise gross marginse The problems encountered in these compubations and

aiso the gross mergin for sugsr beet are discussed below,

{1 Bradford, I.%,, and Johnson, G.l., "Ferm Mansgement Anslyeis”, Wiley
and Sons Ing., New York, 195%.

Heady, B.U0., ond Jensen, iLF., "Form Yansgement BEconomics™, Prentice~Hsll
Zmog ??9 9‘:“""? ’if?, ‘E?B&%ﬁg

{2} See Chapter 7o
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A Porper may be viewed as & momager with cevisin resources of jand, lsbhour
and capitsl. Eeonomic theory assumes that his eim is to use these resources to
gain the mexdmum profit. In reality, the fermer mey hsve other objectives, He
ey place importance on activities oubside the farm such as service on public
bodies, he may tske 2 pride in breeding pedigree stock even though this réaézalts
in lower profits, or he may be content with 2 low income provided he cen have a
- less streruous 1ifes In the smalyses that follow personsl considevations are
largely ignored end it is assumed that the aim is seximom profit from the resources
availsble. If the individeel favesr has other sime bhe eon build thes into his
oEn plans.

A faym con be regerded as & group of enterprises based upon certein fixed
rezources of land, lsbour and capitel snd co=ordinated by the manasgement of the
farmer. The costs assceisted with thess enterprises and rescurces mey be placed
in two mein estegories; voriable costs and fixed cosis. The costs of the direct
inputs of ench enberprise are the varisble coste. These expenses, such as
fertiliser, seed snd fuel, change with the level of cutput. Fixed costs, however,
sre those of an overhead mature which do not chenge with the level of output.
Betes, building deprecistion end interest payments sre examples of ‘f’im& costs
which st be wet even 17 nothing is produced.

Varisble costs wmey be subdivided into "observeble® and "impulted” vardsble
costs.  "Oboerveble® verdsble costs sre those which cen be attributed directly to
& particuler enterprise. Exsmples sre fertilizer, seed and sprey materials.
imputed” varisble coste sre those which rust be slioceted to esch enterprise
becouse the sctuel costs cannot be determined directly. Exemples are fuel costs
and mechinery repairs snd moinbensnce.

The difference between the vslue of the cutpul of 2n enterprise end its

veriable costs is termed the gross maygin for thet enterprise, This gross mergin
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represents the contrdbution of the enterprise towards paying off the fixed cosis
of the farw. Any diflerence beltween the tobel of the gross mergins of 211 the
enberprises snd fixed costs is the proffit or loss resulbing from the given farm
plen,  This profit or loss is also celled the net fexm income.
For eny given level of {ixed costs, the lsrger the total pross msrgin from

211 entevprises, the larger the net ferm income. This is the fundementel
principle underlying 811 farm plsnning.  Ferm pleoning is concerned with the

choice of enterprises in relstion to the sveilable resources of the ferm and the

succeessiul plan balsnces the returns to easch of the fixed resources; i.te., stlenpits
to ecuete the reyginel velue product of esch resource with its merginel cost.

e

z
6.2  CAICULATION OF GROSS g;s@zz@(f}

If the former hos kept sufficient records the verisble costs cen be
sllocated lmmedistely to the individusl enberprises.

Few formers keep comprehensive records, but nesrly all the data recuired
should form the background knowledge that a2 good feymey hss sboub hiz farme iAs
long s deteils of the physicsl inpubts snd oubpuls axd ftechnicues used can be
ovbtained gross meygine osn be csleulated because cost and price information can
be secured from commereisl firme end published price lists., 4 deteiled anslysis
of the individusl ferver's originsl invoices, ststements snd checue books would
vield the informetion but this would be unsccepisble to most farmers snd very time
eonsuming for the snalyvst.

The allocetion of fuel cosbs, trsctor and mechinery repeir and meintenance
costs present considersble difficulty. Fuel costs eould be zllocsted 4o the

verious enterprises so long as the spproprizte records had been kept bubt the

(%) YWesney has discussed the problems of caleulsting gross marging exhsustively
but the reader should note thei bis terwinclogy differs from thet used in
this study. VWesney's use of the term "net revenue® is scuivslent io the
term Ygross mergin® used here. See, particularly, p.l14l of the reference
below,

Weaney, Dede (1964}, ops cite, ppe65-118 and peihts
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sllocetion of repeiy costs cen only be made proporiionstely, ususlly in terms of
the time spent on esch enterprise. (I the mechine is specislisned for one
enterprise then no problem erises.) This method is srbitrery end fekes no sccount
of special circumsbsnces which mey csuse gresber wesr snd desr when the same
machine is used under different conditions. For exemple, the wesr on culbivation
implements depends to s grest extend on soil conditions snd some adjustwents
should be made for extrere veristions frowm normale

Zinoe fermers do not usuelly kesp records thak ez%g%}is Puel snd repalr costs
to be alloes %@fe divectly, the suthor has siloosted these costs to the various
apterprises in groportion to the bowrs of work regulyred pey sore. That ie, the
varieble cosis for machinery use heave hed to be Lmpulted as they sre not aveilsble
Trom directly chserved dala.

Curyent dsta for sssessing these costs is extremely mesgre in Wew Zeslond.
The Department of Agriculiture recognised the need for pore sccurvebe dats when it
initisted the Tractor Recording Scheme duving the 1947-48 sesson in Canterbury. (4)
£ schere covering i;he whole counbry wes commenced in 1950 snd some results published
in %9%.{5 ) The schewe seems to have leapsed since then due %o the difficulty of
vecruiting sufficient fermere whoe were willing to keep detailed records over the
operating lives of their machines,

HeLey snd &g:fre’%;%{ ) heve published Tipures based on the work of the
Deperizent of fgriculture in Csnterbury. Tractor fuel and repesir costs bave
been coaleulsted from date in their publicstion, given in Table 6.1, using 1962=63

costs apd prices,

Yeebherson, H.X.C., "Burvey of Troctor Upersting Costs on Farms®,

w dnl. of Agrice, 861 323

{5} VacPherson, ReXeCe, "Tractor and Parm Operating Costs”, N.Z. Jnl. of

! 4&‘—“3 %é Z;f@?g

(6)  Helay, 5.K., snd Cervebt, IL.7., "Implements and Cultivetion", Canmterbury
Agrievltursl College, 1959, Tpe 53=ble
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Beted = ; Grense Repoirs

Group | DeB P gals./hr.) | (gels, /i) | (pints) | {Ib.) [ (% of cost)
4 20«25 1s3 o 0. 18 0.02 &5
2 20«25 e I C. 18 0s 02 50
3 2530 1e5 - 0. 20 0,02 60
ii' 2§""3{} b 5@3 0. 70 0,02 %
5 30m35 hd teB 0. 20 0.03 k5
g€ 30-35 - 1.6 e 25 010 70

%  IDmewebsy Horee Power.

Molay, AoE., end Gayretd, ILE. , "Implements and Cultivation™,
Tebles Z ardl zf;g ‘@3&5%; ééiﬁ ??&3@ EZ§.§ %5%9

Source:

Proacbors wore Givided inbo six proups according to thelr reted draw-~bay horse
power snd the type of fuel used., Cyroup 6 is made up of crawler trachtors, while

groups 1 to 5 axe wheel
The lest colum gives meintensnce, repasir and replacement costs on the basis
of & percentage of the initisl cost of is made for form

£ the lrasctor. Ho allowsnoe

merel mdnbensnce work. The totsl cost, when spresd over

econcrdie 1ife of these tractors of 10,000 hours gives an

the "generally accepbed”
average hourly fimure.

The esleoulation of implement repsirs end meinbensnce costs is elsco diffieult,

Heley snd Gerrett®s Pigures hove been used supplemented from estinmates made by
cuipin (7! Culpin ewphasises thet his estimates showld only be used where

relisble figures are not aveilsble,
labour snd adjustments have been made $o elinminste this.

{7} Culping G., "Form Hechanizetion Monsgement®, Oroshy and Iockwood and Son,

(Tondon), 1959, ;& 213 Ze
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Teble 6.2 shows the eskimates used for 2]l calculstions in this study.

TABIE 62

TEVENT HEPAIRS AND VAINTENANCE

Trplement Cost per hour

' fe  de
Tlough (double furrow) § -0
vise (8 fi. tandem) 9
Grubber (13 tine) 9
Harrows (5 leaf) 3
Roller (9 ft. Cambridge) &
Drill {15 couiter) 3 -
Howen (6 £5.) =i
Siderake 1 = 0
Seuffler (4 row) g
Ridger {4 row) 1 =0
Binder 2 =0
Topdresser 1 =0
Suger beet harvester {complete 1 row) 5 w0
Twkeh Hayrow g
Scrubber or ¢lod erusher 3
Precizion drill (4 vow) {=6
Wechsnicel thinner (4 row) 9
Steersge Hoe (4 row) 1 =6
Treiler {(hydresulic tip) 3
Totoato moulder (2 row) 9
¥Yotato hervester {1 row) 3«0

The provedure for ecsleulsting pross morgine mey be summerised ss follows:
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1. Butimate the gross revenue per acre {or per shock unit) for the
enterprise, For forage crops thiz will be zero.
Ze Estimste the cbaervable costs for the enterprise.
{n) Por crops these may bes
(i} Seea
{ii) Vertilizer
iii) Spreys
{iv)} Contract charges
(v} Casusl lsbour
{vi) Freight and cerbege
{vii) Sunivies
(b} For livestock they mey bes
(i) Stoek purchsses
{3i) Shesring cherges
(14i3) Wlking shed or wool shed expenses
{(iv} #nimsl health cherges
{v} PFreight and certsge
(vi} Sumdries

e Eabimete the imputed costs for the enterprise,

{i) Troctor fuel, oil snd gresse per scre plus tractor vepairs
and maintensnce per acre.

(41} Implement repairs snd weintensnce per scre.

The sum of the ohserveble costs and the dwgputed coste sublrseted from the
s aatotst revere gives the gross mergine

The fixed cosbe csn be tsken from the finencisl scoounts of the ferm as long
ag caye is tshken fo exclude sny verisble costs thet wsy have been included. For
exsrple, cesusl lsbour is ususlly included in totel lszbour costs in the accounting
procedure, persmnent lsbour being & fixed cost.

To enshle lsbour and mschinery recuivements snd cspebilities to be snslysed
additional physicel informabion is recuired. 4 reocord of monthly lebour
requirements for esch crop has been obiained by meens of & detailed statement of
ell tasks ecerried out, the rate of work, the nunber of men employed and the peried
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of time over which it is possible to cerry cub the task, The figures have been
obtained for a norssl or asversge sesson, Thiz is relatively streiphtforwerd for
eropring enterprises where rates of woerk are well known and do not fluctuste
markedly, although the totel smount of work recuired mey very. This is especielly
so with cuitivetion which may heve to be repsated seversl times if weather and
=04l conditions sre unfavoursble, VWith livestock, however, the rates of work
depend upon the circumstences end condibions st the time, perticulerly for such
tascks as lenbing end shepherding, Further, during pesk perdods or adverse
eonditions the ferwer will incresse his lsbour "supoly® by working extrecely long
hours.  Thus lsbour remirements for meny tasks can only be estimetes of normsl
practice., It shiould be recopmised thel some of the mweriesl values veed are
subject to wide varlistion

En inventory of the major ltems of mechinery and thelr working capscity is

also required,

63 GROH

The estimstes snd caloulslions for suger beet are now discussed in detsil
to illustrate the methods used and to list the sssumptions made,

The mechine and lsbour bours recuired per sore sre given in Teble 6.3
The last eclumm showing lsbhour hours per scre bhas been derived from the mechine
hours column by sdjusting the figures uvpwards to meke sllowsnce for time spent
lubricating, setiing and preparing the machine for work, tresctor meintensnce, snd
time spent travelling to snd from the paddock, (8)

In constructing the table, the following sssumptions heve been made,

(e}  Sugser beet follows 2 cersal crop and esrly ploughing is

vassible,
(B} Any necessery levelling has been done before sowing the previous

CYOps

(8} izf@i:&? and Garretl, OB *3:;..'%55 Pe 58?&
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4 deer dipsing short mould<bosrd plough is used o bury any

oy
€3
o

surfece rubbish snd to shatter the fuxvow so that afber winter
westhering only a minlmunm of sgeedebed cultiveiion is necessary.

{@)  The crop is thimmed mechenically and weeded chemically so thab
hend work is not required.

(e}  A11 operetions except hervesting can be coyried cut by one men,
Three men and three tracltors sre reouired for lz.f’*%ing,

{£)  A11 beet is transported by roed to the factory but trucks do not
enter the beet padiock, Tractors and trailers sre used to cart
the beet to o suiteble aite for stockpiling sdjecent to the beet
peddoek. They sre then loaded into trucks by a fronteend loader
mounted on one of the fransporting trectors. Helfl the avep ds
deslt with in this wey while the rewainder has %o be clamped,
vrefersbly on & concrebe spron, on the rosdside and is losded
through & clesner losder. If harvesting and loading from the
glomp contimze topether en sdditions] men and trsctor will be
reguired. This should not be necesssry, for direot losding is
presumed to be possible vhen hervesting is possible, The need for
clamping erises because & supply of beets hes to be bullt up to
meet delivery pormlts when hesrvesting is impossible, afber raine

{g)  The tops ond crovns are wind-rowed by the harvester and bresk fed
to stock, after wilting, This implies thet cave mist be token to
gee thet the trscbors snd freilers certing the beet travel over the
paddock without damaging or soiling the fops.

{h} The expected sverage yield is 17.5 tonsz of washed and topped beet
pexr seve.  The dirt tsre is 8 per cente

(1) The price peid for washed beet is £5 per ton delivered to the

faotory.
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{5}  Distence from the footory is 20 miles,

(k)  Two permenent Ishovr uvnmite snd three tractors are svailshle.

TABLE 6.3

HACHINE AHD LABCUR HOURS ERECUIRED FOR
ONE 2CHE OF SUGAR BEET

~ Unce Over ¥achine Labour
Operstion - Dete {trs/sere) | Strokes | (wrs/acre) | (hrs/ecre) |
?3.&1 fi : “;g% S ot ?QGQ ‘i 1;@@ ‘gugéﬁ
- Cultivetion (Light) | Judy-iug. 0.25 2 0.50 0. 578
?&zﬁﬁr@ﬁg ] g%ﬁ; éﬁ 2§ 4 Ga 25 6. 5&,‘%
Herrowing and Septelcte | 0,25 3 00 075 | 0.82
Drilling snd pree- Seph«lot. | 100 4 : 100 16320
emergence spray
Mﬁz Oat-Hov, 0s 50 2z 100 1320
Hoe (18t time) Ooteiloy~ 1.00(8) 1 1,00 1155
Aphid spray HovsDeo. 0. 20 1 Qe 20 0. 253
Heyvest (1 man) fpril-tiay=| 400 1 BT § 4.620
- June
Corting (2 wen) Appdleaye i 8.00 1 8,00 8,400
{1 June
TLosding from clemp | June-July | - - 0.35 | 0.382
{807 of crop,
20 tons per hour)
Totals ; ] 19, 53 2503

{a) 2 faster rate of work is poseible ot the sesond and subsecusnt hoolngs
as the hoe travels in the "track" left ot the first hoeing and the
beet rows are wore essily seen.

The following budget, piving the gross merpgin per scre for suger beet, cen

now be consbyucted,




5 Ibs.per acre @ 6/= per

5 cwb. per acre @ £3 per ton spresd {shave)
Fertilizer: £

2 ewhbe boronsoted super 1210

4 ewh, 3340 votessic super 3010

2 cwh, Hitro lime 3,100

& cwt. per scre {freight insluded)

Pre-emergence Spray:
Harbetex ob wediunm rete, 21 in, rows
7 in, bend {estimste)

Aphid Sprey:
(Zetimste}

Cartavet
17:5 tons of beek
1.4 tome of zoil

169 tons @ 92 per bon pile (20 miles)

i Bovws 8 10/~ pez ho
{required st hervest)

Tractor Costss
19.53 howre @ £0.232 per hour

Haohine Josbas

16500

0. 750

7320

5.000

26000

e 175

2,000

4531
1. 711

38,987

This celeulation assumes very good hushandry conditions for the crop end

siilisd mernegesent throughout the ssason, It pressnts an idesllised version which

can be used ss 2 basmis from which 4o derive realistic wlues for any perticulsy

situstion.




3 PRODUCED

Production of tops snd erowns is essumed Yo be 90 per cent of root yield.
Utilizetion is 60 per cent, giving 9.45 tons of ops actuslly consumed by

gtock,

6,5  OVIRSEAS COSTINGS

The costs snd returns from sugey best orve sssessed anvally in most

countries where the erop is grow In Britein the Forxm Honsgement Survey Forms

provide dats for the mamerous published reports.'?) These figures have little
relevance to the present study, because they sre based on &ifferent working
conditions, methods and costs, Costs end vreburns must be derived for the
conditions snd clveumstances thet spply in South Utago.

The most significant festure of these overseas costings is the wide range
of results on individual Ffarms. %@gg{;} reported on 54 forss and found thet the
net (wot gross) pergin renged from s profit of £58.83 per scre to & loss of

E18.0 per sores  These wide differences were stiributed meinly to veristions in

yisld, cmused primsrily by different stenderds of culburel practice on different

Poarmss

6.6 GROSE BARGING FOR OTHER EIETERFRISES

Gross mergins beve been celevisted for all crops, graging and livestock

enterprizes in o mowner siedlesr to that desoribed for suger beet for sach csse

{9} Ses for example,
Com, Bula, "Farm Flenning Deta, 1962", end Hix, J.5%, "Sconomics of
Produsing Suger Beek, 1957, Report Ho. 52, both published by the
Farm Zeonomles Branch, School of Agrieulture, Cembridge.

(10)  Hyde, D.C., "Suger Beet Costs end Returns from the 1961 Crop",
- Dept. of Beonomios, Unive of Bristol.
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The present menagement prachiocss, yields snd prices oblaining on esch
farm have been vsad oo the mergine derived asre different for each case fauw

The figures obtained svre detsiled in Apperdix IT,
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CHAFPTER 7

A LINEAR TROGRABMING ANALYZIS

Iinesy Programping is & msthemsticsl technicue, based on the properties of
matrices and is included in the brosd group of snalytiscsl methods generslly known
ps Aotivity inslysise It is 2 method of compsring the economics of alterpative
production processes with the sinm of selecting the most profitsble combinstione
Phe theory snd practice of the method has been discussed by meny suthors {see
references) so only = brief discussion is presented here and sttention is

concentreted on the interpretation of the results.

7.1 SOIDTION OF HomMATIVE Eroprms(t)

The term normetive is used in economics to describe enalyses which explsin
whet course of sotion ought to be taken by en individusl, business unii, district
or some other ecconomic sector when the objectives sye clesrly defined snd the
conditions snd restrictions surrounding the sction are emumersted. I a form
problenm is defined in terms of profit meximizetion for an individusl fermer snd
the quentities of resources snd the restrictions on their use exhoustively
determined, then a plan indicating the products o be produced end the fechniques
to be used cen be speecified.  But the solubion obtsined is strietly in terms of

the objective of mexirum finsnclal profit end the stated resource constraints,

{1} Hesdy, 7.0., ond Cendler, ¥.V., "linesr Progremsing Yethods", Iows Stote
University Press, imes, Tows, U.B.%., 1960, pp. 8-9.
Heady, Farl 0., et. al., "igricultursl Supply Punctions”, lows State
University Fresa, imes, Ioway Us.S.l., 1961, ppe 16=19
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The normetive solution does not explain or predict whalt action a fearmer
will tske. If, however, sll the restrictions that an individusl farmer sctuslly
imposes on his plans could be quntifieal?) they could then be included in the
statement of the problem, which is then sclved with the added constraints. The
difference in income between the two normetive solutions provides s messure of
the cost of devisting (in terms of income foregone) from the profit meximizing
plane

In contrast, the term positive is used to describe smelyses which describe

phenomens se they exist, reather then whet they "ought" to be. In the case of
suger beet, & linesr progremming enelysis may be used to derive @ normetive supply
function while a regression snelysis based on time series mey be used to dewrive

2 positive supply function. The former would indieste plans which would meximize
profits as prices change while the Jatter would describe and predict how farmers
actuslly do respond to price chenges. The resulis of the two snslyses would
probably differ considersbly.

The distinction bebtween these two Torms of snslysis should be recognized
and spyrecisted by those who wish to use end interpret studies based on these
procedures. (4 positive smalysis for sugsr beet in Wew Zeslend is, of course,
impossible since the crop has never been commercislly grown here.) The analyses
which follow are normative in the sense doseribed sbove,  Bven if it is shown
that farm plsns including suger beet cen incresse form profits subsbtentially it
does not follow thot fermers gererelly will be willing fo grow the crop

comnereislly.

(2) For exsmple, three weeks hunting in Flordland in ¥ay or sn
unwillineness to work for less than £1 per hour.
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7.2 HOUEL CORSTEICTION

i?%é:e%zé%rﬁ{} ) lists the verious steges in the construction of 2 linesx
mrogrameing model ss follows:

(a)  Dist the possible sctivities ™

which ere to be progrenmed.

{b) Celeulate the net revenue (gross margin) of each of the
activities.

{¢}  Determine and enumerste the resource restrictions and obher
limitetions, which are to be imposed on the sctivities. {These
may be grouped under the single title of constraints.)

{a) Deteil the reauirements of the setivities for these constrainks.

With the exceplion of suger beet, only sectivities ot present being used in

the distriet heve been included in the three models constyucted.

The gross mergine of the verdous sctivities have been caloulsted azs described

n the previcus chepber and sre shown in Appendix II. Costs hsve not been

i

irputed to permenent lsbour or to land.  The costs considered sre the vaviasble
costs resulting from the use of fecbors vhich, for practicsl purposes, sre in
unlisited supply.  Permenent lsbour snd Jend sppesr in the problems as constraints.
Thely velue in production has been debermined in the programming rether than by the
use of some arbiirery scoecunting veluss.

Repource rewmuirements snd constrsinis sre detailed end discussed for esch

model in lster sections,

7224 A Specisl Froblems The "Vardisble Overheads” of Regressing from Crop

Two methods haove been used for teking account of the costes and

resource requirvements of sowing down new pasture following a cropping cycie.

(3} Stewart, Jelu, "A Study in the Applicstion of Linesy Progrewmming to
an Oxfordshire Farm", Hisc. Studies Wo. 21, Unive of Reading, Dept. of
§m‘3§ m s ‘%96‘%;

{4} See section TeBele
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In sections 7.5, 7.7 ond 7.10, sctivities have been defined as single
enterprices, Ho abtenpt hes been made to define rotetions in sdvence snd the
costs and resource requivements of regrassing have been regerded as overheads.

Now these overhesds will very with the length of the rotation and sdjustments o
the progremmsed revenues mey be necessary for compsrative purposes. VWhere the
orogrammed solutions have been compered, sppropriste rotations heve been derived
snd sccount teken of the different regrossing overheads involived.

in section 7.8, however, z series of rotations]l sctivities heve been derived
so that regrzssing coste and resource requirements could be charged directly to
esch z'éta%icnjﬁ )

Further, the copital investment in livestock and mechinery differs among
solutions. Therefore, adjustments have alsc been mede to tske sccount of these
differing overhead costs., The plen rvepresenting present policy on ssch farm hes

been used as s basis for comperison. (See section 7ebele)

o3 LINEAE PROCRAMMING SCIDTIOHS

Since perfect divisibility of inpubs snd cubtpubs is sssumed in linesr
progrowmuing, the exeel solution mey not consist of whole nurbers only. Thus the
foptimum plan” ez given by linesr programming cammot slweys be followed precisely

(6)

becsuse certsin inpubs and outpuls cannot be broken into fractionsa]l units.

(5} Considerstion wes given to the construction of & comprehensive model from
which rotations could be debermined optimelly frowm single enterprise
sctivities, This sprrosch wes rejected becsuse of deba limitelions,
pariiculsrly dete on feed produced by pestures under different systems of
menagenent and of different sges.  An extensive programme of research into
vasbure g;z*ﬁz% ard ubildesstion would be necesssry in South Glago to provide
relishle information.

(6} For exsmple, livestock inputs cannot be included in froctional units end
paddoek size may dictete the sctuel scresge of & crop that is possibles The
technique of integer @?@g&;{% can be used to ensure sn integer solution,
but the computationsl burd imposes was not felt to Justify the greater
r&@lism of the results which ’%’C)&l& have been oblained. Ses for instances

s Heliey "Essentials of an Algoriihm for Integer Scolutions of Linesr
?imgr%gs%g” Bulle of Zme Hath. Soces Bt 275, 1958,
Busgrave, Y.F., "4 ,%%’s%e on Im ‘? %ézer ?;f‘::' mzﬁx}g and the Problem of Inereasing

Returns®, 3231’{,. %ﬁgm Heone b s 1962,
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The exect mathowaticsl sclubion cbtained is optimum for the sssumptions
made,  These assumplions sre often over-simplificstions of the actual farming
situstion end render the fnym plan sn sporoximste one from & practical viewpoint.
However, edditionsl constraints cen be added and, provided production informetion
cen be obteined in the requlired delazil, the model can be made to relflect very
ciopely the sacteel ferm situstion.

Iinesr progreamming allows us to explore many focets of a probleme The
effect of relexing resivictions, varying prices and inpubtecutpul coefficients con
be worked out once the basic model hes been set upe'!) This is pertioulsrly
relevant to a study of sugsr beet where the lszck of dots precludes the exset
determination of some coefficients snd restricltions., Various szitustions heve

been explored in the programdng enslyses widch follow.

| POLICY O CASE Pasl ¢

This sheep form is sibtusted in the Hillend district, 11 miles by road
from Baleluvthe and 7 miles from the nesrest railwey sbetion. Contour vesries
from essy rolling Yo steeply rolling country snd there svre no significant srsas
of flst lsnd. The sres of the ferm is 500 scres snd the owner estimstes thaet
250 seres could be harvested with a selfepropelled header horvester. 4 smsil
propoytion of the remsining 250 scres could be gisnt disced and sowa to fodder
orops but this would only be done if pasture renewsl becsme necesssry, The soil
is Clydevele silt Joom which over-lies a cley pen so thet pugging can oceur in wet
winters.

The highest perts of the farm are 950 feet shove sen level and at this
altitude snow is likely in July and has been known to remsin for up to 7 days in
some yesrse  Summer and suvbumn fogs con ereabe very difdicult conditions for

(7)  Heedy, E.O., ond Cendler, %Ve, op. cits, and
Candler, ¥.V., snd Menning, F., "A MYodified Simplex Procedure for Problems
with Falling fverage Cost”; Jnl. Form Beone, 43 (ik): 859, 1961,
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cereal snd sesd hexrveshing. Erosion ils not considered a potentisl danger by
the owner, although excepltionsily hesvy rein can csuse some demsge to paddocks
ol newly sown gress.

The capital position of the ferm d= sound, there being only & smeldl
mortgare 1dsbility, zo thet the rurchase of sugar beet plent and machinery could

ily finsnced, Fars taxsble profit bhes been in the £2,500 to £3,500 renge

e res
in yecent yours.

4 smingle men asaisis the owner end no casual lsbour, except for shesyring,
ism employed. Contrsctors sre engsged for wheet harvesting, hay baling end lime
and fertilizer spreading.

A Bomney flock of 1,350 ewes and 400 ewe hogpels heve been winbered over
the 196162 end 196263 sessons. Hommey rems sye exclusively used and o1l the
replacenent eves bred snd resred on the property. The wether lanbs sre all
fabbened snd sold fo the freezing works while the oull ewe lawbs sre sold as
replacerent stoek. 4 herd of 25 iberdeen Angus cows is earried but in-celf
heifers are purchesed, for replscements, ss rewired. The calves sre sold as
wesners in April or Haye Cerrying copecity hss been vising steadily and the
ovmer considers thet with hesvier retes of topdressing there is considersbls scope
for further expsnsion which would be taken up with catile.

ki cash crop of 20 scres of whest has been grown for the last four yesrs.
The whest stubble green feed, 20 aores of swedes snd sbout 40 scres of hay eve
considered necessary to winter the stock. Permanent pasbure will retsin its
vigour for more than 10 yesvs and the owner is reluctent to plough wove then
40 seres somwelly. The following rotetions heve been used {or the last four

seapsonad
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Aores
014 gross to wheet 20
Whest stubble green feed 20
Stubble to permenent grass 20
and
014 gress to swedes 20
Swedes to permonent grass 2

ALl new grass is spring sown in Hoverber.
The ovner said that sugsr beet would replece whest, as wheat wes difficult

to haryvest in good condition snd reaquives drying in weny yesys.

75 SINGLE BNTERTRISE ANALYSIS OF CASE BARM 4

In this section the methods used are deseribed in detsil, together with
the interpretation of the resulis. Since simdlsr methods have been uvsed for
Case Ferms 2 (Sections 7.7 snd 7.8) and 3 (Section 7.10), the discussion in these
three sections iz confined to the presentsation snd interpretstion of resulis.

Activities have been defined es single enterprises for (Case Farm 1. Ho
abtenpt hes been made to deline rotations in sdvence snd the costs and resource

reirvenents of regressing heve been regsyded ss overhesds.

7e5.1 Activities
Activities may be production activities such ss cash erops end
livestock or they may be intermediste sctivities such ss fodder crops and grezing.
Intermediste setivities do not enter directly into production but contributbe
indirectly, usuelly, through livestock sctivities. Buying, hiring snd transfer
setivities con slso be included. For Cese Farm 1, four production and four

intermediste acbivities have been considered. Thev sre listed below.




Cash Crop Activities: Units
Pé% Thest 1 acye
P, Sugar Beet 1 sere

1 acve
1 acre
Pg Aysble Grazing 1 sore
Efé Hon-iyslhile Grazing 1 sers
Livestock /fcotivities:
E?‘? Sheep 10 ewe equivalents
3?8 Cattle 1 breeding cow

Hotes on the fctivities

(a)

()

(e)
(a)

(e)

The average yield of wheat is 55 bush
13/6 per bush, gross.
Suger beet ylelds have beon sssessed st 15 tons of topped end washed

pey acre snd reburns

beet and 7 tons of edible tops per secre. The yield of tops has
been lowered because of the exposed nature of the property snd the
likelihood of severe wind demsge.

The sverage swede yield is 40 tons per acre.

The yield of medium cuality hey hsas been assessed ot 1.5 tons per
acre. Allowance has been made for the sessonsl grezing obtainsble
from the hay paddocks,

The two grazing sctivities represent the avable and none-arsble
grassed syvess {ineluding new grass) of the fayrm. The feed supplied
is an esbimeted aversge (in terms of ewe equivalents) of the
permenent gress of all ages, Lower pasture yields have been

assessed for the non-sreble grazing sctivity.




(£} The livestook esctiviiies are as described in Section 7ol

7<5.2 Gross Herginsg

The pross revenue, verisble costs and gross mergins are given in
ippendix IX. By M dng the reverme besed on these gross merging, the returns
to the fixed resources sre maximized, subject to the constreints emumersited in
Section 7e5e3e

Yothematically we sre maximizing the function

n
Z =
3; 6‘333

Subject to
T
&, x<% ;i = 3,29&@;.“%
5= % B R &
and 33}6

Z = eV

@5 = the gross mergin of ithe j~th sctivity

Xy = the Jewvel of the Jeth setivily

&‘i:fz = the per nuit requirements of the Je«th sclivity for
the i-~th rescurce

'i;i = the level of the i~th consbraint

n = the murber of activities
and m = the m}zﬁ?ar of eonstreints
Expressed in vector nolebtion this becores

Z = eox' s maximom
Subject to

ix' < B

= >0




¥here x is & ixa vector, with j-th elemer 3

i

g is g fmn vector, with J«th element ﬁég

b im e tun veohor, with jeth element Eié;

i

and & is 8 metyrix of requirement coefficients, with typical element &ij‘

7e5.3 Hesource Suprlies and Constraints

The resturces aveileble and the constraints imposed on the level of
the achivities are delined belove

{2) Lebour

The derivebtion of mesvdingful labour cosfficients has been one of the

most difficult phases of the whole study. This is perticularly sc on sheep
forms where it ds very difficult to assign lsbour hours to specific
setivities, perticolerly livestock acltivities. The coefficients derived
are subject to econsidersble verisnce snd & lerge propoviion of the

aveileble lebour hes te be considered as overhiesd lsbour.  4As mentioned

in Section 6.2, the actusl lsbour supply is verisble end depends upon the
circunstances ot any perdiculsy time, '

In view of these lebour cherscheristics it wes decided to set
monthly lebour supplies st vhat mey be termed & "normel” mesdimom,  Thet
ig, the mexipum runber of hours the permenent lsbour force would be
rrepeaved o work sl pesk perdods, in "normel® civcumstences,  Because some
people are prepered to work herder then others, this "norwal® mexismum was
set at two levels, The lower levwsl of 470 hours per mﬁ:}i{g} assumes thet
the owner would be wililing %o work 60 hours peor week and the employee 48,5
hewrs per week, while the higher level of 570 hours per week recuires the
omer to work 72 bours and the employee 60 hours per week. 1% is
enphasised thst these meximoms will only be spprosched in pesk periods and

(&) 4 wonth is token as % = 4% weeks.
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sobual hours of work in slsack perdods will bo wery such lower,
flo allowences have been smede for bolideys or for time off work
for other ressonse It is sasused thet holideys will be taken in slack

wetbhs and all the work thot eanmot be directly allcested to & single

enterprise con be earvied oub in the wmonths where lsbour is in dispossl.
fny other relevant sssumptions concerning labour could be reedily

incorporeted into the basic model,

()  Lena
The 250 seres of sreble land iz considered suitgble for a1l ovops
and grazing. The nonesrable sres is assumed o be suiteble only for

grazing. No secount has been teken of padiock size,

{2}

The feed supplied by cech intermediste asctivily end sugsr beel snd

the requirements of the livestock sotivities ave shown in fppendix ITIL,

The ferming yesr has been divided into three, four monthly perdods and

all estimntes of supplies and reculrements sre in terms of ewe
egx;ivalémsjg} This epproach suffers from the disadvantages of
techniques which use sverspge Tigures but the date aveilsble would not
Justify o wore sophisticated epproachs, The linesr progremming models seem,

generslly, to reflect fairly elosely the present posgition on the Case Farms.

4 hey reconcilisbion yovw is iocluded o enoure thet s nmindsm
uentity iz srofused,  Some bey s consideored sssentisd for the

hysiclogieal welisbeing of the stodk

(4)  Orop Restrictions

For ressons of fertility snd evop heslth, scvesge restrictions have

been set on the verious crops. Whest has been Iimited to 80 scres, which

See Farm Flanning snd Budgeting Mamuel =~ 1962, pps 21-24, used by the
Parm Fenagement Deperitment, Lineoln College.
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is approximetely one-thivd of the sreble acreage, while sugeyr beet has
been limited to 60 sores or oneeguarier of the areble acreage. The
meximom ares of cash evops (wheat and suger beet) has been limited to
125 soves.

Phese cyopping restrictions heve been imposed by the suthor sand not
by the fermer and with pressent knovwledge sre, perbaps, the upper 1limits of
a eropring vegime. Une of the objectives of the study is Yo investigste
the full range of cropring possibilities and more restrictive cropping
limits covlid be readily incorporated, Other cropping enterprises such as
ostn, berley, and potetoes sould nove been considered vuit these could not
be produeced on & large secsle in the districht and remsin profitsble, because
the cspacity of existing outlebs is lindted, This does not apply to wheat
or suger beet.

The basie matrix is shown in Zppendix IIT with disposal activitiss cmitieds

To5ek Initisl Solutions

Four farym plens have been devived from the bssio malrix snd sre
shovm in Teble 7sie Three levels of top viilization have heen e&z}%&@x&ﬁ becsuse
the tops sre s valusble stoek food bubt the possible exbent of thelr vss by sheep
fermers is not knmown. Flans 2, 3 and 4 uss zeve per cenb, 50 per cent and
- 100 per cent of tops vespectively, Flan 1 iz obitained when the supsr beet acreage
is reduced to zero snd whest to 20 acres. This plan spproximstes the present
policy on the farm.

Preliminery progromuing valng s monthly lsbour svailsbility of 470 hours
indicated thet only {}c%‘bﬁf lebouy limited ferm plens. ¥hen monthly lsbous
aml&%}ih%y wes seb abt 570 hours lsbour was in émz;s%li o) in every month for
each plan ss shown in Teble 7.4. Therefore, lsbour hos not been a limiting feclor
in the derivetion of the four plans,

{10) Thst is, some lshour vemained uvnused in every month,
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ACHIVITY IBVEIS « CASE PFapE 1

Letivity Levels
Aetivity Units | Fleni1 | Flen 2 | Flan 3 | Plan 4
Fheat 1 Aere 20 65 65 65
Sugsr Beet 1 Acwe 0 i 60 60 60
Swedes 1 hcre 21 10, 12 10
Hoy 1 lhore 17 1 13 13 10
Areble Grazing { hcre 192 98 | 400 101
Non=ireble Grazing | 1 Acwe 250 250 250 250
Sheep 1 B.E. 1745 1265 1335 1400,
Reverue £ P 6549 8614 8878 G942

flotes: 1. 411 fDigures vounded.
2. September«Decenber feed was in surplus in a1l plans.
3. Flsns 2, 3 and L vse zero, 50% and 1007 of tops respectively.
4e Flan 1 epproximstes present policy.
5. {nly one erop of wheat can be grown in the rotation.
6. See Table 7.5, section 7.5.5 for a further series of plans.

Table 7.1 shows the sotivity levels and vevenue of the four plans. The
suger beet sctivity enters Flens 2, 3 and 4 st its peximam level with wheat taking
up the remeinder of the ollowsble cash cropping screspge. Flans 2, 3 and 4 differ
only to the extent thet adaditionsl swedes have to be grown to repleace the sugsy
beet tops with a conmsecuent fall in csrrying capaciiy. Vhen account is btaken
of the reduced capital investment in stock in Flon 2, the full utilizstion of the
tops is vorth £507 (9142 = £8614 = £21011)Y compeved with zevo utilizetion. If
the proportion of edible tops was reised sbove its sssumed level of 52 per cent
this figure would be higher.

The limits of the gross mergins over which esch solution is oplimal sre

set out in Table 7.2  These limits arve very wide. The caleulated gross

{41) 139 less sheep : £34,7 @ 67 = £21.
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merging tend to be centrally plsced within the range which indicstes that the plens
are sbeble sand levge price or yield changes would be required to change an opbisum
ferm plen,  For exemple, Flen 4 remsins optimum ss long as the whest gross mergin
remains in the renge £16,1 to £52.4, all other factors remeining the same. The
values for swedes show that the cest of growing swedes could rise to £50.7 or they
could return vp to £17.2 before the plans would chenge.,  If this cost or reburm

was excesded then s new opbimum plen would be derived,

TABLE 7.2
GROSS FARGIN STABILITY LIVITS o
CASE FARM 1
Aetivity Flan Lower Iimit (&) Upper Idmit (£)
1 1601 oQ
2 161 U3 6
Fheat 3 1641 48.0
4 16.1 521
1 25,2 o0
Suger Beet P4 20,8 oo
3 1601 | o9
Swedes ;3 “50.7 17.2
Hey ¢ «345.0 5.3
Ersble Greszing % ‘ %m ~16edy , e
Hon=Aireble Grasing § =10 3 oo

Hote: A1l figores rounded.

The imputed velues {shadow prices) of the constraints and the sctivities
not in the plen are showm in Teble 7.3 These values indicsie the penalty to
the total system if a unit of the velevent verisble is foreed into the final

solubtion, For exsmple, the shedow price of the reximum cash cvop constraint



is £9.2, I this constreint was mede wmore rostrictive, say from 175 to 174
zeres, then revermie would fall by £9.2 provided the plan was opbimelly sdjusted
after the chenge. (If the constreint was relaxed then revemue would incresse.)
The shadow prices sve, of course, marginsl values, but it should be nobed thet
these may change numericslly ss & constrsint is contimuocusly relsxed oy mede more
regbrictive,

The shedow price for non-sreble lsnd indicates thet a rent of up to £9.4
per scre could be peid for sdditionsl monesrsble land, The shedow price of
£46.1 for srsble land applies only if this land is used for non-cash crops snd
grazing, If = proporvtion of this additionsl land could be used for cesh cropying,
the imputed value would be higher., For example; if half of the additionsl lend
could be used for cesh eropping ite rentel velue is incressed to £16.1 4 %m% =
£20.F ver sere snd 1T 2 quertsr conldd be uvsed for sugsr beel ids rentel velue

{in Flan %) is increased to £16.1 + %2%@ = £28,9 per sore. These values remsin

constent until some other faecior beecomes limiting.

TABLE 7.3

INFUTED VALUEE - CASE FapH 1

Imputed Values (£}

| Activity not in
Flen or Congbraink Uniks Flon 4§ Flan 2 Flan 3 Flen L

acre - 9.2 9e 2 e 2
scre 27.5 1864 22,8 2t 2
acre 16,1 161 16.1 1601
acre Gely Qe el 1 Gols
Ty, 3e 2 32 5.2 3e2
B R Ue & Oe5 0e5 O 5
Ton 76 7:6 7.6 76
Cow 11.8 118 1.8 | 11.8

Hex, Cash Crop
Hax. Sugsy Beet
freble Lend
Honwfreble land
dan, =fpril Feed
Yny=fdug. Feed

Hay Beconcilistion
Cottle

S R N ™ " Y ST N
£y
ot

Note: 41l figures rounded.




TABIE 7.k

HONTHIY IABOUR IN DISEOSAL -
CASE ¥FapM 1

Flan 1§ - Flsn 2 Flan 3 FPlen &

Honth - (hours) {hours) | (howrs) | (hovrs)
Janusry L6 481 480 478
Pebrusry 130 L50 L5 439
¥erch 382 526 4235 420
April 505 323 320 318
Moy 458 225 225 22k
June 490 305 o302 299
July 478 Lis 442 538
August Bl 410 556 O3
Septenber 359 269 263 257
October 82 88 72 55
Hovenber §k LO7 405 399
December 505 LY ¥ & 71 4568

Totelss | 5025 | 4302 | 4252 | 4198

Hobe: 411 fipures poundsd,

If & estile sctivity were forced inbo the plen then income would a1l by
£11.8 per cow,  Thus the 25 breeding cows being cerried at present sre reducing
the potentisl revemae by £295. I, however, these getile sre necessery for the
developrent end meinbenance of good pesture on the stesper sreass of the farm then
a constraint could be included in the model to ensure that cettle sre cervied.

Although the exact eress of suger beeb, whest and swedes indiceted for
Plen L way not be sown in practice, the following is one possible rotation which
will be used fo assess regrassing costs and lebour reguirements so that compsrisons

with Flan 1 csn be mnde.




Aeres
014 grass to vhest 50
Jheat to suger beet 5¢
Suger beet to new grass 506
and
014 grass to swedes 1C
Swedes to wheat 1G
Wheat to suger beet 10
Sugsy beet to new gress 10
and
01d gress to vheat 5
Wheat to new gress (Spring sowm) 5

This rotstion requires 65 scres of new gress to be sown in Hovenber.
Suffieient spring labour is sveilsble to ensble this to be done,

2 comparison of Flens 4 end 1 in Tsbles 7.1 end 7.4 shows thet Flan 4
regquirves 825 additional hours of lsbour and reburns £2,593 more then Flan 1.
Yhen adjustments sye made to teke sccount of the different fixed costs,
regrassing cosbs snd regrassing lsbour recuirements (see section 7.2.1) the
revernue sdventage is reduced to £2,080 and the man hours required incressed to
939, as followss

Extye Dewrecizstion: £ £

Suger Beet Lachinery:

in

£1500 @ 1554 225
Extrs Interest on Capital:
£1500 @ 6% 3
32&3 1&5& S%Z& %};‘:
£850 @ 6% 1 )
45 ecres @ £5. 239
503

L

*s Het adventsge to Plan 4 £2,593 less £503

£2,090

#




Bxtre Lobours
LY seres new grass
@ 2.53 hrs. per acre = 414 hrs,
Total labour = 8256 plus &
= 959 }ﬁ'ﬁs
"¢ The additional return per hour
= o 29%
£ 7555
-4 £2. 23

How there would be sdditional overhead lsbour beesuse of the intensive
eropping, but this incresse would heve to be 1151 hours (2090 less 939) before
the reburn would fall to £1 per me{*‘%}

These results indicate thalt incressed coropping of both vhest and sugsx
beet would give & high return to extra lsbour. o sccount has been tsken of
possible difficulty in hervesting wheat on this perticuler feym, This is
becsuse there are meny ferms of similer conbour in %heéis%r:iet, where this

particulsr problem is less imporitant,

In this sechion the model has been sltered to exclude a1l but the
October lebour constraint which hes been set at 468 hourse This demsnds a
60 hovr week from the omer end s 48 hour week from the employee. (It will be
recalled thet only October lsbour wes limitationsl vhen the monthly lsbour supply
was set ot L70 hours.)  An October lsbour supplying sctivity has been sdded with
8 gross mergin of mirms 10/ per houre This activity mey be interpreted in two
ways, Firstly, the pomenent lsbour force msy be prepsved to work sdditionsl

hours as long s the meyginel reburn does not £211 below 10/= per hour. Any

{12} It is sssumed thet suger beet plent snd machinery is purchased when the
farm plen includes a sugsy beelt enterprise, Therefore, the overhesd
lebour recuirements on mechinery repeirs snd meintensnece will be hisher
in Flen 4 then in Flen 1,
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Cotober lsbour supplied by this scbivity meets this requirement. Secondly the
activity cen be regsrded as the supply of casusl lebour st 10/~ per hour.

A meadow hay buying activity hss been added to sllow the purchase of
mesdow hay at £7.5 per ton, landed on the farm. K

Except for these modificeiions the model is the same ss before. Top
utilization hes been set st 100 per cents Flan 10 was derived using the originsl
gross mergins Tor sugey beet and whest. Flan 9 was then computed by sebting the
sugey beet pross margin just below the lower 1limit at which Flan 10 was optimal,
This process was continved until sugsr beet left the plan and then with sugsr
beet gross mergin et zero the wheat gross mergin wes reduced until wheat also
lef't the plan, The resulis sre tebulsted in Tsble 7.5

TABLE 7.5
BEGIINS OF 9THE PARAETRIC SOLUTION -

Aetivity Undts i Plan 5 1 Plan 6 (Plan 7 (Plan & {Plan 9 [ Flan 10
Sugsr Beet acres o O g 32,5 15 &0
Wheat sores o L5 80 80 80 65
Swedes  acres 23 20 18 13.5 12 44
freble Greazing seres | 227 | 185 152 121, 113 112
Hon-treble Grezing jaeres | 250 250 250 250 250 250
Bay Buy tons 28 25 23 22 21 22
Octe Lebour Supply ihours 5 § 0 ¢ ¢ 17 58
Sheep . E's (1886 (1674 1510 14,30 1406 |1k
Revenus &2 6506 64,30 757 Yare 7608 8167
Sugsyr Beet S.M. £ (& o Ts2 8.0 | 17.6 53,58
Wheet GoMa £ 1500 | 1601 | 25,24 | 2524 | 25.2h | 25.24

Hote: 411 figures rounded,

o




The imporbant reverme comperiscns in Table 7.5 sveis

Reverue (£
Flen &5 (Cash crops nil) 6,406
Flen 7 {(Moximum vhesot) 75157
Flen 10 (Optimm combinstion) 9,167

Fhen these values sye adjusted for the different overhesd costs of
{compered with Flan 1) we have:

6,265

6,768

84553
These figuves show that revenue increases by £503 when £0 acres of wheat

regressing, stock and nmachiners

are grown {suger beet exeluded) and incresses by £2,288 when 60 sores of sugsr

beet and 65 acres of wheat sre grow Flem 10 hes & veverme of £1,785 grester

than Plan 7, which shows that suger beet is & very profiteblse crops I the
ng would be

wheat yields were higher, &s they sre on many farms, wheat grow
rvelatively more profitable end reduce the rvelative advanbege shown by suger beet
{see Pige 7.2)e
on this farm it would pay to reduce the whes! screage e

further, if the cash cvopping constraints weve more restrictive

of suger beet, Thisz may creale some culburel problems becsuse wheat is a good

orop to precede supsy beod,

Fhest would elso be relatively more profiteble 1T two successive crops
could be grown, thus reducing the overhead costs of regressing. This would be
aphy

#ible on some farms but is considered wwise on farms of simiisr topogy

because of the effect on =0il structure end fertility.

The gross wergin stebility limits for vheat and suger beet are shown in

Tehie ?e ée
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TARIE 7.6

GROSS MARGIN STABILITY LIHITS FOR VWHEAT
AP SUGAR BEET

Beet Gross Margin (£) Wheat Gross Yergin (£)
Iower Timit Upper Limit Iower Idmit Upper Idmit
Flan 5 “ o = ‘gﬁaﬁ??%
Flan 6 - - 15,5772 16, 2351
Flan ? s 7:3‘24&52& %ée 233? m
Flen 8 7+ 3455 8. OL76 15,6219 oo
Plen 9 8.0L77 17. 7105 251295 oQ
Flen 10 17. 7106 o 15. 5772 511184

Fipure 7.1 shows how the plans chenge as suger beet gross mergin is raised

from zerp, Since linesy yprogremwing is being used the plans change discretely

and reverme incresses ot an increasing vate as plons change., Flans 7 and 9 are
optimm over relatively wide gross mergin ranges while Flan 8 is optimm over an
extremely noyvow renge sud is therefore unsteble. Owing to the constraints spplied
to the model, the plen does not change when the gross margin of sugsy beet exceeds
£17. 7105 per scre {and wheat gross margin is less then £51.1194 per acre). This
indicates clearly the profitebility of the crop even when lsbour in excess of

L68 hours in Qetober is being peid 10/- per hour,

Figure 7.2 shows how plens chenge ss the whest gross mergin is increased
from zero with suger beet exeluded fyom the plan. The supply functions for sugsy
beet and wheat are redrown in Figuves 7.3 end 7.4 with the stenderd srvengement
of axes, It is interesting to nobe that this analysis indicstes that the
introduction of sugsr beet would tend to increase, reather than decrease, the
wesernt whest scresge.

The limits of the readow hay buying setiviiy and the shadow prices of

growing hey sre shown in Teble 7e7.




' Fig.7-1 Parametric Solution - Case Farm 1 ”
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Fig.7.2 Parametric Solution- Case Farm 1
(&)
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Fig.7-3 Sugar Beet Suppiy Function

(Wheat G.M.= £25.24)
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TABIE 7.7

OF BEIYING IAY AMD
OF GrOVING HAY

Buying Hay (per ton) Growing Hay
‘ o ~ (per acre)
Tower Ismit (£) Upper Idmit (£) Shadow Frice (£)
(1) (25 %)
Plan 5 - 9.77 - 242 349
Plen 6 - 942 = 2,43 3.80
Flan 7 10,02 - 245 | 3,68
Flan 8 - 8.87 - 2.43 : 3.52
Flen 9 - 977 e k39 ‘ 3049
Plan 10 = 977 - 2ek2 ] 3.4

Columns (1) end {2) of Teble 7.7 show that it peys to buy hay if the cost
lies in the renge £i0,02 to £2.42 per ton. If the cost exceeds the values in
columa (1) then hay should be wade on the farm. Colum (3) shows the penalty
per scre of hay, if it is produced. The effect of growing hsy on the plens in
this secltion would be to slightly lover ceryying cepscity as less grazing would be
aveilable,

The importent results from section 7.5 are presented in Table 7.8,

The resulds show that the prowing of the meximum svea of cash crop {whest
and suger beet) could increese revenue substantially on farms that are similar
to the one described. Flans 2, 4 and 10 ave stable since large price and yield
veristions woulid be reauived to veduce the gross maygins to their lower stebility
limits,

The feeding velue of the tops is clesrly shown. On farms vwhere higher
crop yields are obbtainsble the tops may show e higher veturn and the relative

rrofitebility of whest may be incressed,
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TARIE 7.8
SEMARIUED HEHIINE - gABE FaEm 1
Wheat Buger Beet | Tops Reversie

Flan {acres) {sores) Used )
11 20 0 - 6,443

2 &5 &e] ZETe 8,026

l; 85 60 100 8,533
A . ) 6,265

7 80 0 - 6,768
10 65 60 1000 84555

’ Wotess 1. The revemies shown heve been sdjusbed for the

different overhead costs of esch plan, igm, the
fized costs 8till to be met are spproximetely
the same in esch plan.

2s The resmudis from the two seclions ere notl Wﬁzy
comparable. In seetion 7.5.5 Coctober lsbour in
excess of 468 hours is being peid 10/~ per hour
and hay is purchased, while in section 7.5.4 lsbouy
is not Iindtationsl and hey is mede on the farme
it ozn be seen, however, from Plens 4 end 10 that
these differences have only & minor effect on
TeveTiis.

1t is emphasized thet en exbra 339 hours of divect lsbour is recuired to
cbhtain this incressed reverme., Some additional overhead lsbour will slso be
needed,  VWhether this additionsl lebour will be fortheoming is & question which

should be very cavefully exemined. {See Chapter 8, )

HANAGTMENT POLICY ON CASE PARM 2

The farm is situsted on the Milton Flain, 20 miles by road fyom Baleluthe
and one mile from the neovest vailwsy sbation. The whole sres of 367 scres is

fiat but & tree Iined stresm meanders through the properdy, which, topether with
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buildings, reduces the cultivelble ares Yo 350 seres, The soil is Tokemairiro
s8ilt loem which is lieble o pug severely in wel winters,

Capitsl problems sre unlikely since there iz only 2 smell mortgage and &
substantisl cash reserve is svsilsble, Ferm texsble prefit has been in the
£3,000 to &,500 renpe over the thres vesys 1958«59 to 1561-62, 4 full s»enge
of plant and machinery is aveilsble,

The owner and one single man constitube the poermonent lsbour fores, casuzl
labour being esploved for shesring enly. Contractors sve engaged for ceresl
harvesting snd bay baling,

A Pat lawb profucing flock of 1,500 Romney ewes is csrrded. 111 ewes ave
mated to Southdown reme and a3l lambs sold fat, replacement two-booth ewes being
purchased esch Februsyy., ZApprozimstely thirty yesrling steers sre porchased in
the subtomn, ecervded through the winber, falteoned and sold the following April.
The pmunber of callle veries snd is dependent on seasonsl feed supplies, Cerrying
eaparity hes been rising stesdily over the lust fow yeers and has now weached, in
the ownerts view, the mexiem for byeeding owes. Awny further copecity will be

taokeén vp with éry sheep snd eattle. There is interest in the possibility of

hovsing cetile Gurdng the winber to avold pashure westage and demage due to pugzing
Cash crons of bovley end whest are grom. The scresge of vheat is being

reased snrwally so thei s sbable vrolslion has not yet been evolved., Fifteen

:

seres of swedes, fifieen scres of green feed barley and twenty-five acres of hay
e¥e considered necesseyy to winter the stock. Thiriy ascres of old grass sre
pioughed each yeer snd there is reluctance to plough more becsuse pesture renewal
is not necessayy fTor up to Difteen yesrs, The {ollowing robabions, which may
invelve o reduction in shbock cerrying capseity, eve under considerstion.



fores
014 grass to whest 15
Yheat to swedes i5
Swedes o whest 15
Whest to green feed bavley i5
Green feed to grain barley (resowm) 15
Berley to permenent grass i5
and
014 gress to whest 15
Fheat to permenent gress 15
in alternstive to the latber robsbtion could bes
01d grass $o whest 15
#heat to 2eyesr temporary pashbure 15
Temporery pasture to whest 15

#hest to permenent grass 15
The owmer thought that he could grow s smell scvesge of sugsr beet after
whesat sown from old grass.
Bince this ferm is in most respegts suibshle Tor intensive sugse beel
cultivetion and is broedly similer to meny bighly developed fet lend producing
forms in districts with similer climetic cenditions {particulerly Southland) the

resulbs mey have a wide applicsation.

7o SINGLE ENTIRPRISE ANALYSIS OF CASE PARM 2

The activities, vesource supplies snd constraints are described in this
section and the linssy programedng results briefly swewrised. The costs and
vesouves regiremsnts of regrassing heve been veperded ss overheads. In

*

section 7.2 & wmedsl using rotetionsl setivities is Pormulsted ond the results

dimoussed in debeil.




Te7et fotivities
The seven production snd three intermediste setivities included

sre listed below.

Units
:&5 1 ascre
P, Barley {Grain) 1 acve
;%33 Greenfoed Poriey followed by CGrain Borley 1 acre
F,  Suger Beet 1 acre
Intermediate jctivities
Ef’% Bweden 1 auyre
f?é Hey 1 aore
;Eiz Grazing 1 scre
Tivestork fotivitden
¥o  Sheep 10 swe
- equivelents
§§ Hethers 10 wethers
‘;i?%ﬂ Cattie 1 rising 2 yesy
Y shoer

{a}  The aversge yield of wheat is 60 bush. per acre for both a first
and second orop. 4 portion of the crop cen be stored thus gaining
& storage increment meling the aversge prdce 14/= per bushell.

(B}  The average yield of barley is 45 bush. per scre and the conbract
price 15/« per bushell. The sbraw is beled and sold af 3/= per
bale,

{e) Greenfeed berley follows wheet and is followed by & sowing of

barley for grein.




(a)

(e}
{£)

(g)

(&)

(1)

iy
Cotn
S

Fale2

Lpoendiz T1.

TeTa3

Suger beet vields sre 17.5 tons of btopped snd weshed beet and

95 tons of 28ible tops per sove, Three levels of top ubilization
sre considered =~ 9.5 tons, 4. 75 tons ond zero tons per scre.

The swede crop yields L5 tons per scre.

The yield of medium cuality hay has been assessed ot 1.5 tons per
asonal grazing obtainsblie

acre, Allowsnce hes been made for the s
from the hay padioeks.

The graging sctivity represents the pressed syes of the ferm and
feed supplied ls an estimeted average of the permenent gress of all
B8,

The sheep enberprise consists of a fat lasb produecing flock es
described in sechion 7.6.

The wether activity cennct be defined precisely begsuse éf the
sature of the enterprise. It is assumed that two-tooth wethers
are parchessed in Jomsry-Februoory, winbered, shorn and =0ld in
slmaghter condition during the Pollowing spring snd summer.

The cattle asctivity involves the purchese of yesrling steers in the
avbums, wintering and fattening them for sale in the following Lpril

o Hay bto the freezing works.

The gross vevenue, verisble costs and gross margine are debailed in

Fesourcs Supnlies end Constraints

The rescurces aveilsble end the constyaints imposed on the level

of the sctivities are defined below

(a)

Lebour

¥onthly lsbour supplies were determined in exsctly the same way as
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in section 7.5.3.

(b)  Zomg
The form is flat snd consisbts of a2 uniform soll type end, after the
deduction of unploughsble lend, the remeinder (350 sevres) is
considered to be suiteble for all crops snd grezing. FHo asccount
hes been baken of peddock size.

{e¢)  Peed Reconcilistion

The feed supplied by easch intermediste notivity and sugey beeb and
the remirements of the livestock activities sre showm in
Appendix IIZ,

The mexivum production of cevesls, berley snd sugsy beet hove been
aet st 120, 25 end 8% acres yospeciively. Bexley is set at a Jow
level beesuse of the dli¥ieulty of obltaining larger contracls.
Snsh orope are liwited bo 175 soves or helf the fotel culdiveble
ErOt.

,,,,,,

omitded.

77k  Bolutions
The ecommutstions heve been coarried out in exsetly the same way as
for Case Form 1 exsept thet a pavemstric gross mergin solubtion is not included
here but is presented in section 7.8
The results are glven In Tsble 7.9 snd follow o similsr patiern to those of

Case Ferm 1 with sugsr beet enlering the plans et its meximum level of 85 acres
end whest taking up the remsining 90 acres of the permissible cash crop acreags.
The full ubtilizstion of the sugsr beet tops completely eliminetes the need for a

swede crope Barley, wethers snd catile 8o not enter the plens.
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TABLE 7.9
MIRIVETY IBVELE - QASE PBARE 2
Aetivity Levels

Activity Units Flan 1 Flan 2 Flen 3 Flan 4
Whest i Acre 70 90 90 90
Suger Beet i fore O 85 85 85
Bwedes 1 fove 12 7 3 o
Hay 1 feve 13 8 9 41
Grazing i lere 255 160 163 164
g}lﬁﬁ? 1 gé ﬁa 1 gﬁﬁg g‘;&» 938 i 3656
Reverue £ 6,168 Q.507 9,874 10,280

Hotess 1. All figures rounded,

2s Flang 2, 3 and 4 utilize zevo per centy, 50 per cent snd
100 per cent of vops recpectively. Exeept for the
substitution of an sdditionsl 15 seres of vhest for
15 acres of berley, Flan 1 sprroximetes present policy.
The shadow price of berley is £2.9 and if 15 sores were
foreed into Plan 1, revenue would be reduced by £44.

3e Ceayyying cepacity in Plen L reaches o mexisum of
6.k ewe equivelents per grazing ecrs.

ke Septerber-Decesber feed is surplus in ell Flans,

5 Two successive crops of whest can be grown.

The additionsl reverme obbtsined from intensive cash cropping is £4,112
which, when sdjusted as in section 7ebel, is reduced to £3,519, This is an

extra veturn of £2.35 per hour. The net velue of the tops is £797. Thesze
results agein illustrete the high returns thet could be cbtained from whest and

sugar beet grown intensively.

7.8 ROTATIONAL ENTERIRISE ANALYSIS OF QASH WARE 2

So thet regrassing resocurce recuiremenis and cosbs could be included in

the basic matrix instesd of being trested ss overhesds s series of rotational
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ascbivities have been derived. The sonstruckion of the model and the resultent

new asolubions sre dlscussed below,

Tofiet Letividties

Since berley grain production did not enmber previocus plsns it hss
not been considered in this section.

The cropping possibilities heve been defined ss follows:

{a) Grass cen follow 21l crops.

(v} First yesr whest cen follow gress, suger beet or swedes.

(e) Second yewr vwhest can follow first yesr wheat, suger beet or
preenfeed barley.

(a) Suger beet can follow gress, Pirsl yesr whest or swedes.

(&) Swedes cen follow gress, first yesr wheat, suger best and
greenfecd barlev.

(£} Greenfeed bearley con follow first yeer whest,

After the elimination of those rotstions which were essentislly the sanme =

those thet suprlied the ssme quentity of feed end wroducts but in s different

order « 20 rototions remained for inclusion in the models These votations sre
listed in sppendix II,  This reduction, together with the eliminstion of bariey
was sn erbitrery decision bul was necessery to keep the model to & ressonsble
gize,

Wheet end suger beet selling activities were included so thset perametric
gross mergin chenges could be mede. Hay, grezing and livestock sctivities were

rotained in thelr originel form.

7.8:2 Cross Mergine

Gross morgins for esch rotation were esloulsted including the cost
of regrassing bubt excluding the gross mergins for suger beet and wheat, The
sugay heel and wheat selling setivities were credited with their respective gross

margzing.
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7.8,3 Resource Supplies and Constraints

The labour, land end feed reconcilistion constraints were not
chenged,  Sugsr beet and whest yeconcilistion constraints were included to
trangfer the sugsr beet and whest produced to thelr vrespective selling setivilies,
A mexdiruonm wheat consbraint wes sdded snd the meximum ceresl snd baxley consiraints
deleted,

Tolels

in optivum plen simdler to Flan L in section 7.7.4 was derived.
It sgain included 85 seres of sugsy beet snd 90 seres of whest., Lobouwr wes in
disposal in every month when its supply was set ab 570 hours, but Seplerber
lebour become limiting when the monthly supply was reduced o 470 hours.
These resulis ere not discussed further snd we pass on immedistely to the

varametric soluiiong in the next section,

7.8.5 Foresmebric Sclubions

The computations were esryded out in exactly the ssme woy as for

Case Form 1 in section 7.5.5.  From section 7.8.4 it was clesy that enly
Septerber lebour evailsbility would lisdt ferm plens. Therefore, Septerber
lsbour was set at 468 hours snd & lsbour supplying activity, which supplied
lsbour st 10/~ per hour, included. This activity hes the same interpretation
as before. The other 11 lsbour constraints were eliminsted, A mesadow hay
buying sctivity at £7.5 per ton was slso included. Except for these additions
and deletions the model remsined the same as in section 7.8.4e

The results sre tebulated in Teble 7.10. Hay is purchassed in &ll plans
but its gross mergin lower limdt lies within the ronge £8.5 to £10 per ton.
Therefore, the lsnded cost of hay bas only to exceed this vange for hay buying
to become vmprofiteble. I hay was produced on the farm, esyrying cspocity

would fell slightly.



TABIE  7.10
RESUITS OF PARAMEIRIC CROSS MARGIN FROGRAMMING < CASE TeRM 2

Aetivity Units [Flen 5 Plan 6 [Flon 7 Flan 8 {Flen 9 [Flan 10{Plen 11 Plen 12{Flan 13 |{Plan 14 (Flon 15
Sugar Deeb Sell 1 acre 0 0 ) 0 & 5 39 52 55 58 85
Wheet Sell 1 aore 0 1heB51 25 120 120 120 120 120 120 M7 90
Grazing 1 aore 35k 1 3Ma,5] 225 222 220 189 178 175 175 175
Swedes 1 sere 16 W51 12:51 B & 5 2 4] 0 0 0
Greenfeed 1 acve O 0 1265 5 % 0 0 O 0 0 0
Hoay Buy 1 ton 25 2k 23 17 17 17 16 15 15 5 16
Sheep 1 EH. H167T1 1605 11562 (1126 11118 1L 11045 (1024 1013 11020 1088
depts febour Supplyii hour 68 7 73 52 L6 L6 0 16 20 2l 83
Rotation 20 4
Rotetion 19 4 seres L
Rotabion 14 3 acres 38 52 55 58 L5
Rotation 12 3 acres 125 5
Retation & 2 acres e B
Rotation 6 2 acres 55 56 55 20 8 5
Rotation 3 1 nore L0
Rotation 2 1 aore 16 5
Revenue £ 4873 14876 4955 16792 6794 16795 6817 6909 7651 8233 973
Suger Beet .M, & 0 0 0 0 hole | he7 1 Bel | Te2 | 20,7 | 3047 | 48.51
Wheat G.M, 1270 13e4] 16:31 31751 3757 3T5] 3175 $75) 3175 3.75] 3175

Hote: 1. ALl figures rounded.

2s Greenfeed is ocoupying lend for only five months end should neot be included
when checoking on the tolel form ares.

9ot
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Figure 7.5 shows how the farwm plon chonges as the sugsy beet gross mergin
is raised from zero to £48,51 with the whest grose nevgln coanstant st £31.75.
It con be seen that at gross mergins less then £7.3663 (see Table 7.11) plans

ave eviresely unsteble. ng 8y 9 10, 11 and 12 %‘mggﬁm over sxtremely

nerroy gross mergin renges.  Flens 13 end 14 sre optimm over s wider vange of

values, snd the form plen beeomes stoble for sll sugsy beel gross marpgins above
£30, 862 (and vheat gross mergin less than £49.4137 per scre) when the maximon
permitbed screages of whest end sugsr beet syre growne The profitsbility of

intensive evopring is evident from the reverue funcilons

TARIE  Ze1d -
' SIGAR BERT AND VHEAT CROSS MARGIN  LiniTs

JASE PEM 2 (&)

Wheat Bugsr Beet
| Flen Lower Limit Upper Limit Tower iimit | Upper Limit

5 - 42,8662 - -

6 12,8663 136 2100 - -

7 13,2905 1664779 - -

8 165780 o0 - 3.9626
9 16, 5091 oo 2.9627 45887
10 16.531% oo 388 4o 8615
i1 16,6381 oo 55257
12 18,0550 oo 7. 3662
13 31.5713 oo 73663 20,8767
4 31,6058 .57 20,8788 306 8462
15 ' 1429150 494157 30, 463 o3

It is slso of interest to note that suger beet tops provide 81l of the

supplementery fodder erop requirements when 52 ascres of suger beet are grown

is suger beel acresge incyesses bo its mexiwom, the sdditional tops which beconme

avaiialile enable csreying cepecity to rise becsuse they provide exbrs subum and
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winber feed. This in turn orestes the additions? demend for Sepberber lsbour
Pigure 7.6 shows how the form plsn chonges as the whest gross mergin is

raiged from zero to £31.75 with suger beet gross mergin at zero.

Tigure 7.7 shows the normative supply function for suger beet {wheat gross
margin £31.75) with the stenderd arvengement of axes. The supply function for
wheet {suger beet gross mergin zero) is given in Figure 7.8

it is clear from these resulis that intensive oropping with wheat and suger

beet is very profiteble, The imporbsnt reverme compsrisons in Tsble 7.10 aves

Reveme (£
Plan 5 {cash ecrops ni. 45873
Plon § {meximon wheat) 6,792
Plen 15 (optimum conbinetion) 9o k3

Yhen thess values are adjusted for the different overhesd costs of stock
ry {compered with FPlan 1}, we have:

Flan 5 | 4818
Flen 15 95460

000 when 120 soves of vhest

These figures show that revenue inorésses by £2,
ases by £4,642 vhen 90 acres of wheat

are growm {suger beet exeluded), and

and 85 seowes of sugsr beet ave grown, The sddition of suger best to the

whenbesheep plan adds £2,642 to the ferm revenve, Thus the inclusion of
regrassing rescurce recuirvements snd costs in the linesr prog

1ittle difference to the optimm farm plan,

an increase in the grazing scresge and carrying ospacity becsuse szay has been
purchased instesd of being produced.

The fmportent resulis from sections 7.7 and 7.8 are presented in

Teble 7,12,
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Fig. 7.7 Sugar Beet Supply Function
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TABLE 7.12

SUMIARISED RESUINS = CASE PARM 2

Whest Sugsr Beet Tops Reverue
Blen | (acwes) {acres) Used (£)
Results from 7s el
1 ?Q i Q ; aad ] 599&7
2 90 85 Zero 8,669
4 a0 | 85 : ‘igﬁﬁ}g g;&é&
8 120 0 - 6,818
15 % 85 boooh | 9,460

Hotea: 1. The revermes hove been adjusted for the
dif'ferent overhesd costs of esch plan,

2. The resulis of the two sections are not
exactly comparable. In section 7.8.5
Septerber lebour in excess of 468 hours
is being peid 10/= per hour and hay is
purchesed, while in section 7.7.4 lsbour
is not limitationel and hay is made on the
farm. It iz sgain szeen from Flans 4 and 15
thet these differences have only & minor
effect on revenue.

The results of sections 7.7 and 7.8 show thet infensive cash cropping
with wheat end suger beelt could raise income substantislly on this farm,
Flen 15 is steble since large price or yield varistions would be necessary to
reduce the gross margine to theirlower stebility limits.

It should be emphesized that this result {as in Case Farm 1) depends upon
the grester use of the sveilsble lsbour. In Flan 15 the direct anmusl lsbour
reguirepents are increased by spproximestely 1,500 hours sbove those required

under the pressnt policy.
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7.9 FRESENT MANAGEVENT FOLICY ON CASE FARM 3

This deiry ferm is situsted in the Stirling distrdict, 3 miles by rosd
from Palcluths. The homestesd block of 132 sores is flst;, while the adjecent
hill bloek of 30 zeres is moderstely to steeply yollinge This ares of rolling
land is not cropped but is used for grezing replocement end dry stock. The soil
type st the home farm is the Gluthe silt and sendy losm which is 2 deep, high
fertility soil and suitsble for intensive cropping. The hill block is Clydevzle
silt loam overlying e cleay subsoil.

ij"hé home farm is subject to flooding by the Cluths Piver. Since 1940 there
have been four floods, those in 1945 and 1957 being perticulsrly severe. The
owmer estimated thet regressing, fencing repeive snd loss of production cost him
more then £2,000 in 1957,  The river protection works now under construction
should remove the dsnger of flooding, when completed. {The bill bleck was
purchssed two yesrs age to provide some lsnd sbove the flood levels,)

There is = mortgage on the property but it is soundly arrenged and there
should be no difficulty in purchasing suger beet nachinevy. Taxasble farm profits
have been in the £2,000 to £3,500 %m recent yesrs.

The permanent lebour f{orce consists of the owner, 2 single men and the
part=time employwent of sn older man who works en average of 30 hours per week.
«c&g@l boys sre emploved for swede snd mengold thinndng end weeding.,  Since sugar

beet sowing, thinning snd weeding machinery is cspeble of tresting swedes snd

rangolds in a sirdler way to suger beeb; its use has been assumed in the following

exercise. Contractors ave employed Tor hay baling, lime sowing snd crop spraying
4 herd of 60 Jersey cows, 20 two yeer old heifers and %0 yesrling heifers

have been wintered in the 1961-62 and 1962«63 seasons. The Artificisel Breeding

Service is vaed ond sll replacerents reaved on the properiy.
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¥hole milk is produced and delivered {o 2 resr-by cheese factory for
about nine months of the sesson. During the three winter months a 12 pallion
town milk cuots is supplied to the factory which sets as 2 receiving depot for
the Dunedin milk supplying suthority. Thus 5 or 6 cows must be milked through
the winter.

A cash crop of 4 scres of mein crop potetoss have been growm for meny
vesys, Fodder crops of swedes, nengoldsy; choumoellier and greenfeed barley are
proen to provide sutumn, winter snd spring feed for the cettle. The following

rotations have been used in reoent vesrys.

boves
Q138 grass to swedes &
Swedes to potatoes 4
Potatoes ‘%ﬁ greentfeed berley i
Greenfeed barley Lo permsnent greass &
and
014 prass to swedes &
Swedes to mengolds &
¥angolds to choumoellier &
Choumoellier to permenent grass 4

A11 new prasse is spring sown in Hovember.

A five sere paddock of lucerne is grown from which four cubs of lasmzs
hay sve taken each year, yielding s total of 750 bales, Ho silage or mesdow hay
is made on this ferm.

The owner believed thet sugsr beet would substitute for a proportion of his
present fodder crops and would grow that scresge but he was not prepered o

contemplete & reduction in herd musbers.

710  SINCLE FNTERPRISE ANALYSIS OF CASE FiRM 3

The activities have been defined as single enterprises and the regressing



costs snd yesource reguirerents regerded ss overhesds.

7:10.1 fetivities
The six produection snd wnine intermediste setivities sre listed

1 aore
2?2 Potatoes snd greenfeed % sere
% Thout 1 sere
E’l Souger Beet 1 meve
Intermediste fetivities:
2% Winter choumoeilier 1 acre
?é Autumn choumoeliier 1 mcre
£y Mangolds {for spring feed) 1 acre
Py Swedes {for winber feed) 1 sore
?Q Arable graging 1 zore
§z§ . lHon=~grable grazing 1 seve
2%% 5 Winter lucerne hay 1 acre
E??g Summer Iuserpe hay 1 sere
?’i 3 Autumm ducerne hay 1 mere
Livestock Activities:
%,% . Dedvy cows 10 BE%s,
ii; 5 Wethers 10 wethers

Hotes on the fctivities

{a} Potaloes can either be followed by permenent grass oy greenfeed

baviey depending upon whether the extra winter feed is vequired.

£33 the potatoss are hervested in Aprdl, usuelly by the farm
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(e)

(a)
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staff, Yield and yprice very considersbly but have been assessed
at & tons of table potatoes znd L tons of seed potstoes
reburning £18 and £2 per ton, respectively.

Wheat has not been grown on this fearm but the expected yield
would be 70 bushells per acre.

The rich, Pfertile soil can grow very high yielding fodder crops
so sugsr beet could be expected to yield 20 tons of clesn, topped
beet snd 1hos tons of edible tops per acre.

Choumoellier cen be fed of ' in either the autumm or winter so two
setivities sre included in the model, the subumn fed crop yielding
60 snd the winter fed crop yielding 72 tons per acre. Jfubumn
choumoellier is cut and fed by hand, thus raising the April and
ey deiry lsbour requiversents to & high levels

Henpolds srve normally veserved {or spring Peeding snd yield

80 tonz per scre.

Swedes yield 50 tons per acre.

£11 of the srable grezing is on the home farm snd it yields nore
grass then does the nonesrable yuneoil

Iuecerne hay cen be fed in eny of the three feeding periods
considered and so three idenbicsl ectivities heve been included,
ons for ssch periods

The dairy herd sctiviby is built vp in terms of ewe equivalents,
This is an unsetisfactory procedure, particulsrly for feed
recquirenents, but the lsck of dats preciuded more exsct estinmstes.
It was also decided to ignore the feed requirements of the 5 or 6
winter milkers beesuse of the difficulty of estimeting their

ramirerenis,
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(5 The wether setivity was included beesuse it has low Isbour

requirements,
Te10.2 Gross Vergins
The gross vevenue, verisbhle cosiz and gross mergins sre listed in

7.10.3 Hesource Supplies and Constraints

The constreints imposed on the sctivities are discussed below.
{a) Labour
The permanent lebeur sveileble in ZApril and Mey wes set at 9%6

hours end 800 hours respectively. This represents long hours of
work =and is due %o the high lsbour vequirements of the dairy herd
and the potato enterprise in these monthe, TFor esch of the
remaining 10 months lshovr evailsbility was set st 670 hours.

(b)  Zond
The 130 scres of prsble land is considered suviteble for all crops
snd grazing while the 30 sore run-off is only sultable for grazing.

{e} Crop Restrictions

Potatoes are restricted to 4 acres becanse of merket limitetions,
One~thiréd of the fnrm ares (43 sores) could be =own to wheat while
one~fifth {26 acres) could be sown to sugsr beed. Sugsr beet was
limited Yo 26 ecres because of & possible build up of soil-borne
diseases, since the farm has been cropped with swedes snd menpgolds
for meny yeers., This restriction could be relaxed if there was
no possibility of disesse. Iucernse is limited fo 5 scres.

(a)

Feed recuivenments snd supplies are given in terms of ewe

equivalents, A grazing veconcilistion is necessery in this model
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ssure thet & minimes sres of grass is saveilsble, The model

could, dn the shsence of this restricltion, produce & plen in which
the stook sre completely fed on cropse 4 cerrying cepscity limdt
of 1 cow (6 ewe ecuivalents) per scre has been imposed. A
congtraint reqiring hay to be supplied to the stoek has not been
included in this model. (The model in section 7.10.5 rewires hay
to be suprlied end includes four hay purchasing sctivities.)

710.4  Initisl Solutions

Three plens, shown in Table 7.13, heve been derived. FPlans 2 and
3 utilize zero per cent and 100 per cent of tops, respectively, while Flsn 1
abtenpte to reflect present policy, suger beet snd whest being reduced to zero.

A comperison of Flsns 3 end 1 shows thet the growing of 26 seres of suger
beet inereases farm reverme by £1,053. This rewires an snmusl increase of
285 hours of lsbour. VWhen these figures are sdjusted for the different overheads
they become £632 and 324 hours respectively, which is on extrs reiturn of £1.95
per hour.

The net value of the tops is £225.

The gross margin stebility 1indits show a wide renge. However, the
caleulnted gross margins of £115.27 for the potatoes plus greenfeed sctivity {?g}
and of £75.64 for the dairy setivity {fi’_f g.} are close to their respective lower |
limits of £114.2 and £74.0. This indicstes that & slight change in these gross
meygins would chenge the plan.

The shadow prices of potatoes {z—;;} and of wheat (?3) are £1.1 and £1.0,
respectively, in all plens. These low values indicste thet these sctivities
could be loreced into the plen with only 2 slight decline in revemne, The shadow
mrices of swedes, rengolds, lucerne snd wethers sre high and show that these
setivities would reduce income substentislly if they were included in the farm

plen,




PABIE 713

~ CASE FAEM 3

Activity ~ Units Flen1 | Flan 2 Plan 3
, , , 4
Pobatoes end greenfeed 1 aore 3 3 2
Suger beet 1 sere e 26 26
Winter Choumpellier 1 nere 7 6 2
Aubumn Chowsoellier 1 sore & 3 Z
ireble grezing 1 sere 116 92 98
Non=areble grazing 1 acre 30 30 30
Deiry 1EE 1 8w 734 7L,
Revenue £ 6839 i 7659 7892
, i « ,

Hotes A1l figures rounded

These results show that suger beet is a profifable crop on this dsiry form
bubt that there is competition belween the potato, whest and daiyy enterprises,
Smell relative gross mergin changes for these activities could chenge the plean
merkedly but sugsy beet would not be displeced.

2%

lompered with present farm policy, as outlined in section 7.8, Fian 1 has

s higher cerrying cepscity, & &ifferent cropping pattern, and gives a grester
reburn. These differences moy be due to the following factors.
(a) The imputecutput coefficients mey be in ervor. These ervors, if
present, will most probebly be found in the feed requivements of

the atock snd the feed supplied by permsnent pasture. These latter

coefficients ere modified in scolion 7.10.5.
{b}  The fsrmer is not using optimum plens. This is probebly the mein
reason that Plan 1 devistes from the present sctusl farm plane

The 30 sore run=off hos only been purchased recently and has not
been fully integrated into the farm plen, Also the stock sre
probebly being "luxury fed" sf present end, therefore, cerrying
capeeity could be higher,




- {e) Plen 3 does not produse any hoy.

Although it may be pessible to opsrats the Darm wilboeud hey,
provided smple subumm saved pesture wes aveilsble most farmers
world wish ‘o feed some bay to the stock durisg the winber vonths,

If Iuserne hay was grown, ssyyying cepacity would decline slipghtly,
less shommoellier would be grown and reverme would dselins
signifi%x;tz;?{ﬁ ) «  The porchase of lvcsras hey would rednce the
gross wergin of the daivy enterprise to £74. 14 which i only

giightiy soove ils lowsr 1imit of £7.0. Thus hey could be
provided {by purchese) without chenging the plan, although the plan
becomes exiroosly sensibive Lo dzdry pross aevgin changes,

{a)  The fermer msy not be willing to grow only shoumosllior for
supplemenbery Teedling bessuse the ovop s difliculd to feedy in siltu,
withowt weshegs and requives s lerge inmput of lsbour if 4t is cut and
fed in snother peddocl,  Swedes, however, cen be fed off successfully
in bresks end the owner sy prefer to grow o high proportion of them
in ploce of choumpellier.  Becsuse swedes bave » lower yield thon
choumpelliior on %%31@ Texmy 10 aeves of swedes would be required to
replase 7 aores of winber choumoellier. This chenge would decrease
cavrying copecity and revense and the supplesentery feed svailsble
wonld bes

3 aoves groenfesd berlsy
b noyes chouwmdellisr
10 sores swedes

This cropping plen more nesyly approsches present policy except for
the mangeld crope

{13} “he shsdow price of winter lucerns hay {% »;} is £29.8 per ascre.




(e) Hangolds sre not growns
The plans derived all show swmser feed in dispossl, thet is, more
feed is grown in the Sepbterber<Degerber period then cop be
ubilized by the steck. Therefore, mengolis do not enter the plan
beesuse they provide feed in this period, They are probsbly grown
as an insurence agsinst & severe winbter and o lste spring. {(On
thie perdlonisr form, surplus mengolds sre sometimes sold,) Some
mengolids could substitute for swedes bul sgain the lsbowr recquired

iing would place livdbts on their use, However, if 2 scres
of ewedes were replaced with 2 ascres of mangolds a plen sdmiisr %o
thet ectuslly used would be obtaineds This plen would have a lowes

cexrying capacily and reduced yreverme coampered with Flan 1. Revenue

would be forther vedused if cssuel lsbour had to be hired for thimning
ard weeling {odder crups,
It mey be exgued that these cyvopping considerstions sre the resl consirsints

sepeted dnto the sodel,.

andl shoudd be inso However, 1 this is done the problen

is so restyicbed thet the programsdng is less informative « its medn purpose would

be to provide the shedos prices. When fmymers eve confronbed with the total

vevenue foregone from present plsns, they may consider new methods snd technicues

to overcome possible Gifiicuitiss, The linesr propramming method ensbies farmi
yules of thueb Yo be criticslly exepdned ond appreised. Thoerefore, the basic

e ticabic P

el hes been vetained for psramelbric prog

7:10.5 Poremetric Solutions

The computations were again cerried oult in s similer way to those
of section 7.5:5. From the resulis of section 7.10.4 it was clesr that only
Lprdl and Mey lsbour svellability 1imit farm plens, Thevefore, the rermsining

10 lsbour constraints were elimineted. lebour aveilsbility for ivril and Msy
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wes seb st 670 hours and lshour supplying scbivities at 10/~ per hour included for
these two months.  These sctivities have the seme interpretation as before,

Three Iucerne hay buying sctivities st £10 per ton were included, one for each

of the feeding periods. So that & chesper form of hay for winter feeding could

be provided 2 winber meadow hay buying activity at £7.5 per ton was also added.

& hay econstraint wes included to ensure that o minimum cuantity of hay weas
provided for the stock snd slso & maximum of 25 tons {present production) was set
on hay purcheses, Except for these deletions snd additions, the bssic model
rempined the same ss in section 7.10.4.

Four veristions of this model were peremetricelly progremmed, Flans L
5 snd 6 {Tsble 7.15) heve been derived from the basic model. Because the potato
enterprises demend a large input of labour these two activities were eliminated in
the devivetion of Plans 7, 8 end 9.  Since the feed supplied by pasture could be
in ervor the coefficients in both the sreble snd nonearable grazing activities were
re&zzc&é{m} and the sdjusted model programmed sgeine Flans 10, 11 end 12
{Teble 7.16) were derived when potstoes were included snd Plans 13, 14 end 15 when
potatoes were excluded from this labber model.

These varistions are supmardsed in the following teble.

TABLE  7otl
PROGRAMMING VARIATIONS = CASE FARM 3

Varistions , Flons Bolubion

Besic Hodel by 5y 6 , A&

Basic ﬁ:ﬁel with polato gross
margine reduced to zero | 7y B 9 | B
Adjusted model {grazing output

coefficients reduced) with potetoes
included 10, 11, 12 c

Adjusted model with potatoes A ,
excluded P13, 14, 15 B D

{‘ﬁ{_} See }'f&t«ﬁ, ;e




TABLE 7,15

RESUIRE OF S0IDTICHS A A B e (ABE FABE O3
Solution A Solution B

Aetivity Units Flen &4 Plan 5 Plen 6 Plon 7 Flen 8 Flan 9
Fotatoes snd greenfeed 1 aore 4 4 4 - - -
Wheat | 1 acre 0 o 0 0 0 0
Suger Peet 1 acre 0 2k 26 0 2l 26
Winter choumoellier § 1 scre 7 3 2 8 3 3
Auvtumn choumpellier 1 acre 1 6] ¢ 1 0] 0
Arsble gresing | 1acre | 118 99 98 121 103 101
Honwareble gresing 1 acre 30 30 30 30 30 30
Dedry 1 BBy 883 Th 765 903 794 786
Winter lucerne - buy 1 ton 0 0 1 0 Q 1
Avbum Jueerne - buy 1 ton 13 12 41 1 12 11
Aprdl labour supply 1 hour 390 416 L8 6k 90 92
May lebour supply 1 hour 50 78 &0 64 93 95
Reverue & 6700 6707 154 | éifii;& 6551 7597
Suger Beet Grose Margin & 33,2 337 73:95 3302 3367 7595
Wheat Cross Margin £ 3669 36,9 36,90 36,9 369 3649
Wheat Shadow Frice £ 0.5 05 G5 0:5 0.5 Oa b
Suger Beet § Lower £ - 3343823 33.8109 - 33,3823 33,8109
Gells Tamits { Upper £ 33,3822 33,8108 ) 33,5802 35,8108 vl

Hotes: 1. 411 plens utilize 100 per cent of the suger beet tops.

2e A1 Tigures, except suger beet gross mergin limite, rounded

£t



TABIE 7.16

RESUITS OF SOIUTIONS ¢ AND D » CASE PAEM 3
Solution € Solution D
sebivity Units Plan 10 Flen 11 Flan 12 Plan 13 Flen 14 Flan 15
Pobtatoes and greenfesd 1 sere b & & - - -
Wheat 1 acre 0 9 16 o 12 18
Sugar Beet {1 acre 6] 0 26 O Q 26
Winter chowmoellier 1 acre 8 8 2 9 & 3
Autumn chovmoelilier 1 scre 3 3 1 3 3 1
Areble grozing 1 acre 115 106 84 148 107 82
Nomearsble gresing 1 sere 30 30 30 30 30 30
Dedry 1 BB, g70 82z 667 850 82 675
Winter lucerne ~ buy 1 ton 0 6] o O 0 @
Autumn Iucerne « buy 1 ton 13 12 10 13 12 10
Aprdd lsbour supply 1 hour 380 20 338 54 0 0]
Hay lebour supply 1 hour 39 0 0 54 Q 3
Revenue £ 6606 €607 7670 61,7 6448 | 7516
Sugar Beet Cross WMergin & 0 32,7 7595 ] 327 7595
Wheat Gross Wergin & 36,7 36.9 36,9 560 7 36,9 36,9
Wheat Shedow Price £ G 1 - o Us 1 i o
Suger Beet g Lover £ - - 32, 8849 - - 32, 8865
G.Me Limits ( Upper & - 32, 8848 o0 - 52, 8864, 0Q

Hekoss  t

A31 plens wbilize 100 per cent of the suger beet tops,

2,  A11 figures, except sugey beeb gross mergin limits, rounded.

2
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The results are tabulsated in Tebles 7.15 and 7.16. From Teble 7.15 it
can be seen that super beet enters solutions 2 end B in exselly the same woye
Whest is slwsys excluded but since its shedow price is so low it could enter all
plens with 2 very slight decline in revenue,

Splution 4 is illustrated In Pigure 7.9 snd shows the changes in plan as the
sugsr beet gross mergin is reised from zero to £73.95 per scre. (Solution B has
the seme genersl form.) There aere two stable plewms (Flens 4 snd 6) and one very
unsteble plen {Flen 5) when the suger beet gross margin lies belween £33.3823 and

£33.,8109, The gross wergin most decline to £33%.8108 before less than the mexirum
soresge will be growm end it will remsin in the plan over o wide renge of price snd
¥ield combinstions.

Table 716 shows thet sugsr beet enters solutions C end U ot its meximm
sereage when the gross margin excesds £32,8848 and £32.886L per sere, regpea%i?%lye
The screage of whest increases as the gross mayrgin of sugar beel rises and hence as
the screage of sugsr beot increases. This is an example of a8 complementary
relationship and arises becsuse sufficient lebour is relessed from the dairy
enterprise to pervdt suger beet and wheel growing to incresse together. However,
the gross mergin of whest is nesr its lower lindt and,as shown in Flens 10 snd 13,
is excluded when its gross margin fells to £36.7 per acre.

Plans 11 end 12 of Solution C are illustrated in Figure 7.10. Flsn 10, of
course, is derived when the suger beet gross margin is reduced to zero and thet for
whest paremetrically varied and so does not sppesr in Fipure 7.10. (Solution D
has the seme generel form. )

Ag noted in the previons section, the gross mergin of the deiry enterprise
is close to its lower limit, This mesns thet any chenge in the structure of this
sctivity which decreases iis efficiency mey csuse the plen to chenge. Thus %fm
the pesture production coefTicients ave reduced the plsn changes to perndt whest

prodection, in Flans 11, 12, 14 end 15, increased scresges of chou moellier in
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Flens 10, 11, 13 end 14 end & merked reduction in deirying in Flens 12 and 15 with
the introduection of 26 seres of suger beet. A1l of these changes talke place in
C ond D with less than £100 reduction in reverue compered with the corrvesponding
plans in £ and B This em

asises thal small changes in the dsiry enterprise cen
lead to mexked changes in plans with 1ittle change in revenue.

The elimination of potetoes reduces revemue by less than £160C bub reduces the
April Isbour vequirements by spproximetely 380 hours in 21l plens. Hay lsbour
inputs sre jnoressed by sprroximetely 15 hours, Thus the exbtra reburn per hour is
£0.44., which may not be considered sufficiently remmerstive for the time and worry
involved in the potsto crop. If, however, larger scresges were grown snd modern
digeing machinery purchesged the returns to lsbour could simost sertainly be
inproved at the sssuwed prices.

Teble 7,16 also indicstes that fpril and May lsbour requirements decline as
whest snd sugsy beet sre indroduced end revenue incresses.  Thus whest snd sugey
beel growing can reduce the pesk lsbour demands,

Sigrificant decreases in revenue will ocour if swedes and mengolds are

subgtitubted for choumcellier snd if lucerne hsy is produced, Purther, the revenue

syned is not sensitive to the pasture oculput coefficlients beesuse the vheat

setivity will enter the plan as these ave reduced,

The important resulis are presented in Teble 7.17.
The results show that suger beet is o profitsble crop for inclusion in the
dedry favim plan, especially if the tops eve fully utilized., The sctusl plan
cbtained is, however, extremely sensitive to chenges in the gross wmerging, or

efTiciencies, of the dairy and vwhest activities. 1t is also highly dependent

on the asssumptions thet are mede with respect to April and Moy lebour. Since this

farm {end most of the dsirying district) is close to scurces of casusl lsbour, it
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is ressonsble to suppese that lsbour could be obtained st 10/~ per hour in the

very much less,

I the potato enterprises are excluded, the cesusl lsbour reguirved is

TABLE  7s17
HRUURISED RESUIIAE
4
, Wheat Fotetboes Bugsyr Beet Tops - Reverue
Flan {zores) {acres) {acres) Used (£}
1 = 5 - - 5,7&:%
2 G 3 26 Zero 7:148
3 G 2 26 100% 373
E‘%m&l’té From 7.10.5:
é O 4 26 100% 75235
Hotesy 1. Revernue conmpexisins cen be usefully made only belween
sectbion 7.10.4 and solution 4 of ssotion 7:10:.5,
becsuse of the chenged conditions in solubions B, C
and D. However, the resulis from the two sections
shown in Toble 7e17 are not exsctly compersble because
some labour is supplied at 10/« per hour and hay is
purchased in section 7¢10.5; while labour is not
supplied and hay is not rewmired in section 7e10ske
2. The revemes shown hove been adjusted for the different

fixed cosbs of each plan.

The discussion shove serves to illusitrate the power and versatility of

linesr programring methods in the explovetion of dynawie ferming situstions.

Irrespective of whether suger beet is considered or nob,; the following farm

memegement suggestions can be mades

(=)

The growing of lucerne hay on this rich fertile land is

uwneconomic wnless the purchese price of hay becomes wvery highs

Sevberber-Decenber feed is dn disposal in 231 plens so this

shotrld be ssved as mendow hay and further reguirements puvrchased.

(it slso suggests

that supsy best pulp could possibly be used to
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sdvantage. )

(b)  The grester use of chourcellier is worth considerstion where crop
vields spproximate those used here.

(¢}  If a dnivy enterprise is operating et s lower efficiency, under
M@g@ﬁﬁm to the one described, wheat growing may be
adventegeons. \17)  Lower efficiency could be due o poorer melity
cows, lower producing pastures, & severe lsbour shovbage or & lower
factory peyout for deiry produce. If eny of these factors operste,
either singly or in conbinstion, then it may pay to introduce a
wheat enterprise, “hest growing would ensble s more rapid
improvement of pasture wslity, perwit the severe zmil:iz&g of the
dairy herd and reduce the lsbour imgut =11 with 1ittle loss of
reversie, LI suger best is else considered the strength of ithis
arpument is incressed,

The sensitivity of the ferm plen to spnll price or yicldé chenges is in merked

contrast to the plans for Case Farms 1 and 2 vhich gave some very stshle plans,
It is clesr, however, thet sugsr beet vroduoction {given the essumptions mede) can
incresse farm reverme on Case Farm 3 over wide gross mergin renges, bult o a lesser

degree then on the two shesp Torms,

Fo41 FIXED COBIS AND TAXATION

The snslyses up to this point have not tsken full sccount of Tized costs or

the impect of taxation on the incres g from morve inbensive cropring.

in illustrstive example is presented below for esch case ferm teling sccount of

regressing costs, fixed costs end %exaltion. In esch instance the most profitable

{45) I, for any vesson, good ylelds of whest could not be odbiained, this
argument ie dnvelid, but with modern technicues of weed spreying, disease
conbrol and grein drying, pood crops mey be expectede
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foym plen has been chosen from the previcus analyses and compsred with the plan

representing present policy.

TABLE
NET INCOME

7.18

Coge 2 Case 3

(£) (£) (£}
9,142 10,280 7,802

345 536 231

Revenue net of regrassing B,797 G Thh 75661
Pixed costs(® - 2,625 2,575 2,725
Reverme net of fixed costs 5) 6,172 7169 4,936

. o b

Social security snd income tex 2,845 3eh72 15920
Revenue net of bax 34327 3,697 3,016
Reverne from present plan 6,549 6,168 6,839
Cost of vegrassing 106 221 98
Heverme net of regressing G lily3 5,947 6,744
Fixed costel®) 2,400 2,350 2,500
Reverme net of {ixed costs L OL% 3,597 L 2hA
Socisl seeurity end income ‘%ﬁﬁib} 1420 1,115 1,455
4dditional tex paysble 1,425 2,357 465
Extre tax as % of extra veverue 66 66 67
et goin from cropping 694, 1215 230
Het gein as € of extra reveme 34 34 33

{2} These costs include: retes, insurance, interest actuslly paid, wages to
vermanent lsbour, csr and truck expenses, depreciation end repaiys and
meintensnce not included in the models {fencing, buildings, etc. ).

(b} The tax has been caloulsted from the Inland Revenue Depsriment®s
provisionsl tax tebles for the 196263 year using ¥M2, ¥3, snd M fex

codes for Cese Farms 1, 2 and 3, respectively.
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Although the sxemples in Table 7.18 are only illustrative and depend upon
the conditions stated, they do show the likely position under the present texation
legisletion on highly developed; efficiently mensged ferms of the tyvpe deseribed,
It is cleer that higher fex peyments will sbsorb the greatest shere of the
inepressed reverme on all three ferms. The net gein from cropping is very much
less on the dadyy favn becsuse sugsy beet does nol incresse yeversie to the sswme
extent, This iz beceause of the more severe restyiction on suger beet screage end
the grester relative profitability of competing enterprises, Although the income
from the daixy form shosn in Plan 1 is higher than that sctuslly obtained by the

owmer 1% seems clear from Teble 7.18 that the optimom plen including suger beed

would probebly incresse revenus, after the peyment of taxes; by sbout £230,

The fizmed costs of suger best plant and mechinery veduce the relsative
profitability of the erop on the dsiry farm, This pochinery would slso be used
for other fodder crops, bul there may be & good case for the joint ownership of
this esulipment where seversl neighbouring farmers ave growing relsbively smell
soreages. This would spresd the overhesd cosis over & lsrger srea and thus
refuoce unit costs,

On sheep ferws the additionsl taxsbls revenue fyom intensive sugey beeb and

‘wheat evopping is substsntisl bul only e little wmore then one third is left to the

cumer as & veéwerd for the increased inpuls of lsbour and rensgement, Mensperiel
probliems will be very puch gresber under an intensive eropping syshbem and these

high tax payments ma
production. The addibionsl returns Yo lsbour caleuleted sarlier will be reducsd

act ss & strong dls-incentive to large sosle sugsr beet

by two-thirds end if exlrs overhesd lsbour is inciuded the sdditions] reburn may
fall Yo & relatively low figure.

On efficiently mensged smell farms where revenue is velstively lew the impact
of taxstion on incressed esynings from suger bhest profuction would be less then thet

shown above,
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The effect of adding & mervied msn to the perwenent lsbour force on Case

Farms 1 a5l 2 iz showm de Teble 749, It is ass 5 thet the tow deductible Pized

coats assooisbed with the wen smeunt to £1,500 per yeor.

Table 7.19 shows thet mere intensive eropping would pay for the smmusl costs
of a mmried won and &dd Yo the revenue, after tax, of Cese Farme 1 erd 2¢ The
eppioyment of sn addibicnsl lsbowr unal would ensblie the owner fo concendrate on
ferm menagerent snd business orgenizstion. Frovided lsbour was availsble and
favmers were willing to enploy more men, this type of finding mey inducs the rore

yrogressive sheey Termers Lo grow sugsy boeds

TEBILE 7,19

HET IBCOME COMPARISBOES AFTER UHE
ADDITION OF & IABOUR UNIT

Gase 1 | Case 2
(£} (£}
Programmed revenue net of fixed costs 6,172 75169
Lebour costs 15500 15500
Taxeble reverue L,672 5,669
Socisl Security end Income Tex 12836 2,459
Eevenue net of tax % w
Present vevenue neb of tax {Teble 7.18) 2,623 2,482
Adaitionsl tex payeble 390 | 1,34k
Extra tax as % of extrs revenue 645 65
Het pain from eropping 213 ' 728

The resulis of the linesr programming snalyses were discussed with the
owners of each farm in April 1964.  Both sheep formers considered that the plans
derived were physicelly feasible,  Heither; however, would be prepsred to crop
as intensively as suggested sbove snd both thought that the high rabes of taxation

would be a strong dis-incentive 40 suger best production. They would not be
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epored to work the exbrz houvrs invelwved in irdensive crvopping and both doubbed
the fessibility of oblaindng enough Ishour to make this possible on meny farms in
the districts One farmer would be prepaved to grow s smell soresge of sugax beet
but the other would not comedt himself st thisz slage.

The dodxy fermer thought thet the cexwrying capscibty of hie farm could be
reised to the levels suggested 1if s herringbons milling shed was built, He would
be willing to grow 26 seres of suger beet and thought thel choumcellier wounld
supplenecnt the fudisr from the tops but he would stiil grow mengelids for late
winter snd spring feed. He sgreed thel lucerne was uneconomic on the home farm

ard that polatoes were s doubtful proposition.

?B 12 %*ggﬁg ;{;z

In this chapter, the conditions under which suger

heet would be a profiteble
crop on thres feuth Clago ferms heve been defined, The analyses sre dependent on
the sssumptions made and must be ecorefully interproted wheve the cirvowsstences
difier,

The sssumptions mede sbout the supger beet enberprisze, perticularly, yields,
mrice snd lsbouy requirements, are subject to ervor but are thought to be resiistie
ir the light of the infursation eveilsble, A discussion of the work remdved to
confirm o revise these esbimetes is presented in Chepter 8o

The tschnicue of linecer progremming has ensbled farm plens to be derdved
which optimise fsrm reverme under the constraints imposed,  Fervemetyric gross
margin progremming has shovm how the plans change as the gross mergins of suger
beet and wheat vise. The resulls indicete that suger beet and wheat in
corbination, could reiss the present Jovel of Dz incomes considerably.  Some
casual lebour may be nsesssary in certein months fo opsrate these plens depending
on the hours the permanent steff is prepesred to work snd the smount of overhead
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lshour reguired. The additionsl returns %o lsbour (before tax) sre high for the
cptimm plean on 811 fsrms,

The optimun plans for each Czse Perm indicste thet the mexizan permitted
seresges of suger beet should be grown.  However, plans spyropriste to any
pexticuler seb of constrainis could be derived from the basic data. It seenms

clesr thet whest snd sugsr beet would alwsys ezhoust the maimam

cash cropping
soreape o Cases Ferms 1 and 2. Super beel would be grown on sll feyes at iis
maximim soresge, while whest would prdbebly not be groen on Case Farm 3.
Texwation hos heen shown to sbheordh neerly twoethirds of the incresssed
revermae on all feyms snd mey be & serious disedincentive fo mugsr beet groving.

The implicetions of these anslyses sve further diseussed in Chapher 5,
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CHAPTER 8

CORCIIEIONS AND RECOEEHDATIONS

8.1  THE ASSUMPTIONS MADE

A brief review of the pleusibility of the wost important assumptions made

in the preceding snalysis is now presented.

gs {ed ghﬁ W Beet %&%@g@:ﬁﬁe

Few, if any, of the coefficients derived for the sugsr beet activity
een be sdecustely checked either by the study of esperimentsal resulits or by the
experience of farmers. If the assumption of complete mechsnization of spring
work cennot be sustained in practice, then the lsbour coefficients for Cclober,
November and December will be too low. Huwever, the results of this yesr's
{1963«6l) trisls are encoursging end it seems possible thet, with skilled
management, thinning snd weed control cen be eaxried oub without hand work. This
needs bo be checked over a munber of sessons, together with the other culbural
requirements of the erope

The assumed sversage yields are bosed on the resulis of small scale trials
conducted over only two seasons. These Pigures camnot be tsken as asccurate
estimstes of aversge farm yields. The linesy programming snslysis, however, has
shown thet sugay beel is a profiteble erop over a wide renge of gross merging.

The average yield could decline by more then 3 toms per acre on Case Farm 2 {at
£5 per ton) before suger best would leave the plan., Although the plens are
reletively insensitive to the average yield figure it is essentisl to have reliable

imowledge of the sverage yield and its verdance before farmers could be advised to
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grow the crop on a large scale., The variable costs of growing the crop are
high, £39 per scre on Cese Feym 2, so thet losses could be high if yields were

Iowre

The difficulty of estimsting lesbour coefficients has been
comprehensively discussed in Chopters 6 end 7. The labour coefficients dexived
for the cropping setivities are based on former estimstes, checked as far as
possible with published deate, and spply to sversge to good climetic and soil
conditions. The livestock rewuiremenis are subject to considersble variance,
poerbicularly in the sheep enterprises. The difficuliy of allocating overhesd
lebour in this study bss led to the method of judging the fensibility of a plen
by examining the smount of lsbour in dispesal in esch wonth. The plens derived
appesr to be feasible provided fexmers sve pr

gpared to worlk longer hours in most

months of the vesr then they do ab yreser

It bas been assumed, in nll cases, that wheat is barvested by contrect and

is not wechenically drieds When large screages of whest are being

groiiy
individual formers may wish to purchase hesder harvesters, grein driers sod dnvest
in storaze =ilos. If this ccours the lehour reauirements for the whest schivity
would chenge werkedly during Februsyy and perhaps Zerch as would the gross margin
for whest.

Lrother factor of some importsnce is the formers attitude to employing nove

perwonent labour. The reburns frop intensive cropping would sneble this 3o be
done st 1ittle cost to the owmer becsuse of the high rates of ftexation sppliecable
and possibly free him from much of the roubine farm work snd allew bim o give
moyve sttention to busliness pmongepent,

Ho secount hses been tsken of the possibilities of feeding suger beet pulp
on the farm. This is snother tople whick needs investipation but is beyond the
seope of the present sbudy. However, it can be ssen that the addition of & catile
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enterprise using concentrate feeds would considersbly slter the labhour
requirenents,

8e1e3 Feed SBupplies and Requirement:

These coefficients have been assessed in terms of ewe eguivelents
and spply to 2 "normal" sesson. They appesr to be ressonsble bul cannot be
checked fyom availsble deta., The feed availsble from suger best tops depends

upon yvield, spoilsge snd the ubilization rate.

8e1eh Costs end Prices Used

411 costs and prices used are those epplying in the 1962«63 season.
is these changs the relstive profitability of the enberprises will chenge. For
example, the currently higher wool prices (1963-6L) will increase the gross mergins
of the sheep setivities. The reburn of £5 per ton for suger beet was Lthe price
offered farmers in 1963 by the South Otago Sugsr Beet Investigation Compeny. The

implications of this offer ave examined in Appendix IV,

815 Fresent Levels of Efficiency

The esleulstions are based on present ferm mensgemsnt prectices and
efficiency levels, With the partisl exception of Case Ferm 3, no abtempt has been
made o consider the use of sensgement technicues which would improve the

efficiency of the present enterprises. IHost farmers considered thot stocking
retes could be reised significantly iT wore fertilizer wse spplied and satisloctory
sbouy was availseble, Form Advisory Officers slso said thet present output could

be raised substentially with the sprlication of present knowledge.

8B,1:6 Summery
It is clesr from the previcus sections thet knowledge of the
husbandry requirements and sverage yields of suger beet under South Olage conditions

is extremely lirdted, Becusse of the large amount of capitel recuirved for
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investuwent in both ferm sechinery and fectory plant and ?ﬁzi&éim{ﬁ it is
imperative that Durther experimental work be conducted over & murber of yesrs,
Fresent knowledge is insufficient to meke sound decisions, perticulsrly if the

industry is to be besed exclusively on beet 28 s source of raw z%teria:{%(z}

8.2 THE RESEARCH YORK NERDED TN SCUTH OTAG0
The mein topiecs on which further research is vewired sre listed below.

BeZa1 Soils
The post urgent need is $o heve sn sccurste estimste of the ares
of suiteble sollse It is generselly sgreed that the soils of South Otago heve
limitstions bub thers is no sgreement as to the exsct effect of these limitations
upon suger beet production. There sye eleven main soill types to be considereds

{Figure 3.1 and Teble 3.2.) Varietel snd marmw

2l plot trisls should be set down
on cach one, in cach yesr of a five yesr period so thet the aversge yields and
varisaces mey be determined.

Since six soil types comstibute 76.2 per cent of the sres of suitsble soils
within a 30 wile radius of Belciuthe, as estimsted by the Depsviment of igriculiture,
it would probably be sufficient to carry ocut the mein work on them, These soils

ares

Clydevale silt loam
“haretos silt loam
e Hovka silt loam
Cluthe silt losm
Tokomedrivo =ilt loam

Totels

%) Estimates of the initisl copital cost of processing fecilities vory
from two o three million pounds,

{2} Tt has been suggested that the Pectory be designed to process vew cans
suger as well as suger beet « see section 8ol Ze
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The Cluthe and Tokomairiro silt loams sre flat and intensive sugsr beeb
production would be possible on them, The resesrch work would not be complicated
by contour problems here and the results would heve more relevence to other
possible beet growing districts.

- The first four silt loams are hill soils with vamm contour cheractere
isties. If it can be shown that two or more of these soils heve similsr
cheracteristics then the experiwents mey not have to be repeabted on esch one. A
‘Emrm&g}z examination by s competent agricultursl seientist is needed before this
can be declded,

If an sren of flst to very easy rolling countyry with a more uniform soil
type wss chosen for sugsr beeb production the experinmental work would be much less

complest,

’ 85232 %’ Pect Culbure

The best cultursl methods snd technicues should be determined for
each soil type in the sres. This should be done with large triel sites (1 %o
5 acres) so that ferm conditions can be simlsted. Targe trial sites will also
ensble small plot trisl results to be deflated to arrive ot estimates of yield

under farm conditions. A1l of the operastions debeiled below should be exsmin
over a mwber of years to teke account of smeasonal climetic veristions,
{(a)  tutum end winter cultivation.
(b}  Fertilization.
(¢}  Seead bed prepsrstion.
{a)
(o) Flant population and specing.
{(£) Thinning.

linz the seed.

{g) Weed control.
{h) Disesse snd pest controls
(i}  Hervesting,

(3 Strains snd verieties,
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Oversess experience should not be sccepted until it has beem checked under
the conditions in Soubh Obago. (3)
The effect on yield of verious stenderds of crop hushbendry preetice should

be messured. 4 lower shenderd of husbesndyy mey be possible and profitsble as

long as yields are not sigificantly reduced. al, end verietsl experiments
eould be conducted on & plot size basis but the rest of the work must be fully
mechanized so thet loyge drdiel sress will be veguirved, Flot trizl work on some
of the other technicues moy well comsence later bub the most urgently needed
informetion is data on a ferm scale.

Phis work should be earvied on in conjuretion with the sechendzsliion frisls

which sre now described.

The results of machinery trials sre of eriticel importance because

the erop would not be scceptebie to New Zealend farmers uwnless it was conpietely

mechenizeds These trisls would be straight forwserd on the two flat aveas but
should be desisned to teke sccount of slops on the rolling country. FPreliminsry
work would be requived to decide how this should be done but it may be necessary
te cerry out the work in three or four topographicel situstions on seversl of the
sodl types.

Severel types of the machinery listed below should be used.

{a)  Precision seeders

(b} Dovmebheeroy thinners

{e¢)  Steevsge hoes
{a} Systemic grerwle sprlicators
{e) Complete hevvesters

{3) ?sx* ins‘bame, it is considered poor practice in Britain to use dise
rows becsuse of the tendency to create minor undulstions in the

y&éﬁcs@g %fzich interfere with the efficient use of seefers and thinners.
This kind of finding should be tested under South Oteapgo conditions.
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ss this work rroceeded scourste estimstes of the tine required for the
various cultural operations would be obbtained, together with a knowledge of the
ol elimsbic conditions. This would ensble

veristion due o soil type and seaso
the lshour requirements of the suger best enberm

ise to be assessed with
confidence.

In sddition to determining the espabilities of mechonicel thimmers and weed
control methods it is of grest importence to discover the limitetions thet mesy be
pleced on the operations of sugsr beebt hervesters by wet aubumn and early winber
conditions, These 1limitetions will be minimsl on free draining flsat soils but

will increase sz the clsay conbtent of the seil snd the degree of slope incresse.
Hervesting in unfovoursble winbters overseas csn present almost insuperable
difficulties snd relisble information should be cbtained on this aspect of the
CXOPe

If borvesting has to be completed early in the subumn and in s relatively
short time, say =ix to eipght weeks, then beet storage will be necesszexry both on the
ferm end at the factory. Beet processing should contimie for 100-120 days to moke
Yactory opersetions economic. Thus a comprehensive study of beet clamping methods
may be rewuireds A reduced harvesting period would also increase the lsbour

requirements of the crop in the hsyvest months.

8s 2.4 Flace of Sugar Best in the Fotstion

Rotabion experdments need to be conducted on the different scil types
to determine the best yplsee for sugsr beet in the votstion. This is necessary,
perticulerly on the yolling country where the fertility has been built up over
25 years of livesbtosok faroing.  Afber some years of cropping the fertility may
fall end ylelde pay decline. There is little danger of this ccourring on the rich
and fertile Cluthe soils, but some of the rolling country hss been depleted in the

pest by excessive ceresl production. Suger beet must be integreted into the
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present forming

syzten or into & new one to be evolved and the phyeicsl aspecis

of any changes need to be yprovisionsily known in advance.

8.2.5 The Utilization of Super Beet Byerroducts

The use of the tops snd crowns has been dlscussed but work is needed
on devising efficient mesns of feeding and storing them. This is espeeinlly
important on sheep farms where the tops may be sn emberressment unless the livestock
enterprises sre reorganised to use them or they are conserved as silsge. It hes
been assumed in the snalyses thal the bulk of the tops will be avaeilsble from June
to September. If horvesting is esyrly and of short durstion then the fresh tops
will not be avaeilsble during the latter pert of the winter. They will keep for
several weeks sfter harvest bubl not until the end of Septerber. This enphasises
the need to thoroughly iﬂ?@ﬁigﬁég the hervesting procedure,

The possible use of suger best fsetory by-products on fayms in the area has
not been treated in this thesis, Suger beet pulp is & velusble source of stock
food and should be considered in further worke  About 15,000 tons of dried pulp
would be svailable from the factory for which there is no estsblished merket ot
mresent. Some wet pulp could be used on farms clese to the faclory during the
processing months but it is anbicipsted that the bulk of the cubput will be dried
and pelleted.

Iif the product can be sold at & suitable price the corral feeding of cattle
should be considered. This would involve investigstions inko feeding methods,
esttle housing end equiyment, for the system would heve to be mechsvized befove
New Zeslend fermers could cope with ite

gement Regearch

So thet the possibilities of sugar beet production could be compared
with the potentisl production and net returns from present enterprises, z ferm

mansgement study should be commenced immedistely. This will be camplex beocsuse
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of the diversity of soil types and forming systems bub it must be cerried out
before e sound decision con be made,
Iﬁiﬁi&liy, case farm studies should be made on farms vhere imnovations ave

taking place, ¢ &8 well as budgebing should be used because of

its versatility and capscity for providing much useful information. Vith the
mroject based in the district and continuing over o nurber of years dota collection
would become easier and sound informstion eould be colleclbed from cos=operating
farmers.

If the results of these case ferm lineer progromming (and budgeting) studies
indicated that substentisl increasses in production snd income could be cbtained
from en intensificstion or re-syrengement of present enterprises, a comprehensive
survey should be carried cul to discover the potentisl district production. 4
random somple, suitably stratified by soil dtype and ferming system should be
selecteds The objectives of {this survey would be to £find oult present levels of
efficlency, the possible {normetive) levels of efficiency end, most importantly,
whether individusl farmers wished to achieve a poart or &il of the polentisl
production and revenie.

This last objective is a study in rursl sociology end is zm}mrtaﬁt in its
owvm right, irvespective of sugsr best production. z&m{‘g“} has eanslysed the
humen footors which influence farm producticn. In the anslysis he hss considered
sociological end paychological verisbles ss well as sconomic varisbles and suggests

that farmers sre Ysatisfisers" rether then "meximizers®. This terminology, as a
broed generalization, is compsreble with the difference between s "positive" and
a "normetive” economic snslysis, since the former stlempts to describe or predict
actunl producer responses while the latter suggesis what the response should be

if the producer mawimizes reverme given certain comstraints. It is the positive

response of producers in which the policy meker or investor is interested.

(4} Helrthur, feTeGs, "Human Factors and Incressed Farm Ouiput", Proe.
HeZo Imste of Agric. Science, 93 201,
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¥eirthg uses the notion of & "level of sspireation®s This mey be an
incoms of £4,000, & debt free ferm or sny other economic, sociel or personsl gosl.
The difference between the level of assplretion end the current level of
achievement is termed “goal discrepency”. For exsmple, & farmey mey aim for an
income of £3,000 per yesr. If hie present income level is £1,500 then he has &
goal discrepency of £1,500. This faymer would be interested in 211 possible

methods of incressing his income,
£3,000, then he would be satislied with his present position and heve litile

Atbernatively, if present income was alresdy

incentive to seck ocul or spply move intensive or new teshnicues.

Although this aporosch mey not scem susceptible to precise snalysis, it
does attempt o trest the fundewental problem of estimeting sctusl farmer responss
to & new technique. The success of such & survey is highly dependent on the skill
of the envmerator in froming and ssking his gquestions snd on the srticulsteness of
the farmer, However; it is essenitial {to discover whal proporiion of farmers sre
dissetisfied with thelr rresent incomes ond cublputs snd to what extent they wish
to improve them, ILevels of aspirstion can be chsnged, but this is an extension

problenm of considersbhle megnitude and is not considered heve.

BeZe7 Eﬁmrg

It is suggested that the work listed in sections B¢Z.1 to 8:2.6
would teke 3 yesyrs to complete.,  With the resulis of the physicsl and farm
memsgement resesrch it should be possible to mske a declsion on whether o
pursue the project further, If the vhysical resulis and normetive economic
results arve feovoureble the decision would revolve around the results of the
socio=econopic study. If only 2 amell proportion of fermers wished to incresse
their incomes or ocubpubs then the research programme into suger beet should cease.
If it was desirved to pursue the subject further all the rescurces should be
congenbreted on devising methods of reising the Jevels of sapivsetion of producers

in the district. Until this hss been done sdequate supplies of suger beet will
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not be fortheoming, in spite of any favoursble experimentsl or economic results.
I it was decided to continue the ezperimentsl work the following topics

should he exsmined over the succeeding two yesrs.

8.2.8 Irial Work end Demonstration Farms
Vertilizer and varietsl {risls should contimue es well as cultursl
and mechenical trisls, if necesssry. Since comrercial production of sugsr beet
would still not heve compenced, the crop should be grovm on two or three selected
foyrme on o gemiine ferm sesle.  The fsymers concerned should be responsible for
cerrying out the work ss iT the crop was destined for a f’sc%@ry; This is
neceszsry so that farmers can cbserve and lesrn from thelr fellows sbout the crop

and not be solely dependent on experimentsl resulbs.

8.2,9 Extension and Further Farm Menagement Work

Before an atbtempt is mede to evaluste the Likely production of sugsr
beet every effort should be made to ensure that farmers asrve fully snd sccurstiely
informed sboub all aspects of the crop ss discovered by the trizl results and

snsgement work.,  Frequent Tield dsys should be held during the growing snd

harvesting seasons,
By this time the data on the case ferms should be refined and detailed snd

this, together with the trial dats, should enable linesr programming

to be carried out with confidence. (Form mensgement informetion of Lmrense

valoe will also have been collscted on 21l other enmterpriszes ineluding slternstive
methods of hervesting, drying snd storing wheat.) The survey farmers should

agein be interviewed, The emumerctor will now be sble to present them with
seversl slternetive ways of incressing thelr income or cubtputs For exsmple,
incrensed stocking retes coupled with grester fertilizer usege and more subdivision,
a grester wheat acreape, sugsr beet or s combinstion of these and other methods,

Full details of ench method, its lsbour recirvements, costs and returns would be
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provided and the farmer ssked to select the mwethod or metholds he preferved and is
3 be made of the

willing %o put inbdo prectice., In this wey an estimate coul
likely tonnsge of beet thet would be produced., The erection of a factory should
not commence before this flgure iz known,

m when oll the experimental and form mensgement work has been done snd
ag estimate of the likely tomneoge of beet made the new faym plans, which include
sugsy beel, are still‘mﬁ being &gmlly used by fsrmers. The plens still have
to be put into operstion. ﬁns problem of execubting the plan iz e real AifTiculiy
which mist be foced by the promoters of 2 suger beet enberprise. The sbility of
fermers to pot new plans into effect will very. Thus fieldemen will be regquired
to help end advise farmers on suger beet growing, especislly during the first few
FeRTE,

8.2.10 Sugar Beet Cuality

It would be desirsble to conduet processing end exbraction trisls

%o check on Julce purily snd other relevent manufacturing debails,

8o 2411

Although the methods and coste of opersting end esteblishing &
beet sugsr factory sre well known snd overseas dets would be dirveetly apriicable
to New Zesland, s study should be made to check the estimates under New Zesland
labour legislation snd wege rates.

Since there will be spproximately 250,000 tons of beet {end soil) to be
transporbed by roed ewnd reil, & study of the trensportation economics should slso

CUHED0G,

To coxry oub this programse of resesych o mindwonm of 5 yesrs would
be necessery. In eddition to information on sugsr beebt 2 vest amount of dsba

wouid become svellsble on fermding in the Gistrdod which would be of inmense velus
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to extension officers and farmers. It can be seen that, as well as the
evalustion of trisl snd economic vesulis, it is of prime imporitsnce to sssess the
response of the fermers of the distriet after they have been fully informed of
those resulls,

8.3 A HATIONAL SUGAR BEEY

The prelinminsry results obisined in this study suggest that the project is
worth wrsuing experimentslly so thet the worth of the industry can be ssourstely
compeyed with other mroposed develowment projects, I it is decided thet the
prospects for = suger beet industry should be further investigeted then it would
be in the national intevest to thoroughly examine gll potentisl growing districts
in New Zealand so thot the most suitsble sres or sress is selected.

So that the research work cen be effisiently dirvected a Sugsr Beet Resesrch
Unit should be szeb up. The South Otago Sugsr Beet Investigstion Compsny end the
Taranalki Suger Compeny prebshly have inmfficient finsneis] veseurces to suppord

guch s Unit so thet it would need to be set up with Government finsncial suppert.

The recyvuitment of o tesm of compobent sprienltural resesych workers supportsed by

sn adeouste budget and working se e Unit would be one of the ouickest weys of
obtaining reliekle date on oll aspeots of the provosal,

Yor the purpose of the following ewercise it will be assumed thet SBouth
Otsgo has been selected ss the sres in which to conduet the experimentsl work.

So thet an existing sdministretive orgenizetion could be used the Unit

would be set up as a seetion of the Depsriment of Agrisulture, A4ditionsl staff
would have o be vecruited or transfervred from sther work for the duration of the
rrogreanme. The three key sprointments would be:

{z) An egriculturel erop experimentelist,

{(») An sgriculiurel engineer.

{e) A ferm wmansgement specislist, trained in modern mensgement methods.
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A tentetive budget for the Unit is presented below. It is sssumed thet
it costs about £35,000 to keep a senior resesrch officer in the field. (5)

ESITMATE OF THE COBT OF ESTABLISHING AND

£ £
Two hesvy iractors 25,000
One light trector 850
Sugar beet machinery {See 8.2.3) 45000
Other cultivetion mechinery 2,000
Total Esteblishment Expenses ?_éfg
1 Director 4,000
2 Senior resesrch officers 6,000
3 Genersl workers 3,600
Casusl lebour {say) 500
Total 12;,‘3{}@
Heointensnce and spere parts 1,000
Fuel, ete. 300
Tobal 3,8&
Pertilizer, seed, rent, elec. 15500
Sundries end contingencies 4,000
Total Running BExpenses 18,400
Total expenses in the first yeor £27 5250
Expenses of remsining four yeers £735,600
Total expenses of the Undt : £100,850

(5}  Moirthur, i.T.G., "Extension Planning®, A psper given at the Advisory
Officers' Cenference, Invercergill, September 1963.




Let us sssume the totel cosbs sre £100,000 over the 5 yesr period, or an
average of L£20,000 per Fecy.

The conditions undey which expenditure on resesrch is jJustified are now

exeined,

In the first place, Govermeent mist meke o desision on whether the
roject is worih considering as an fwport soving Infdusisy., This decisdien wey be
made by vanking development projects, in order of desirsbility, after studies of
their costs end benefits heve been mede, Tt will be sssumed here that, the

basis of such o renldng, o dscizion hes been mede to sericusly sonsider the sugsy

beol industry,

seies hos sheen thet

It ie also assumed thet s study of the industzy se
investors in & suger beet factory can expeckt & reasommble reburn on their
investment, provided = sufficient supply of beet iz fortheoming, Thue the success
or failore of an indusitry velying on sugey beet sz o raw moterdal is ssawmed o be
dependent on Permers growing the recuired tommsge of beete  (The position for o
dual purpose feghery ie considered Ioder.)

There ers two situations facing the investor,

te To fwvesd in & sugsr besk erderpyise without doing
adecunte research.
2. To do the rescarch znd then decide whether to dimvest,

Fow let P . = rrobebility of success, thet lg thet farmers will grow the

f&gﬁﬁz‘ﬁé tovmage of beeb.
P, = probebility of feilure, that is that ferwers will not grow

£
the veouired tomnege of beeb.
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& = represents the gains, ss o single capilal sum, bolh economic
and soeisl from the beet enterprise.

L « represents the losses, both the cepitel and the operating
losses, ss s single cepital sum, from sn unsuccessful
venture,

and féa « the present velue of the cost of sugsr beet resesrch,

We now consider the expected pay-off for each decision.
Expected pay=~off for decision 1. is

PGB, L (1)

Expected pay-off for decision 2. is

Py (& =R = FePe

i

PSS ~PR, ~FR,
e Fﬁ@*ﬁa <3)

From equstions {1) and (2) we see that whenever

R <Pf1:

New the cost of resesrch, as sugpested in section 8.3, is £100,000 ox

£0.1 million,
Therelore
E0.Im < PfL
i;ﬁe é%—f—i% < L
-

Table 8.1 has besn prepeved from this inecquality.
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TABLE 8.1

108588 (L) ASSCCIATED WITH FACH
LEVEL OF IROBABILITY '(Pf}

Qo1

Fe P,

{£ million)

0001 10,0
0.025 4.0
0,05 2,0
0,075 103
Ot 1.0
0.2 0o 5
03 0.3
Oelp 0. 25
0.5 0e 2
0.6 0,16
0.8 0,125
1.0 0u1

Figure 8,1 hes been derived from Teble S.1. The lesser region, south
west of the curve IIEH indicates where investment without research msy be
ﬁs@iﬁe&{g} It is clesr that either or both the probsbility of feilure to
obtain the required tonnege of beeb, Pf; and the possible losses from sn
unsuceessful suger beeb industry, L, must be low before investment withoub
adecguate resesrch conld be contemplated.

4 dual porpose factory would permit the refining of raw cane suger
as well ss the processing of sugsr beet, Two mein advenbages sye c¢leimed for a
factory of this type. Firstly, operetions could cormence before the total

{6) Varicus estimetes of the cost of reseorch can be exemined by drewing &
series of "isceresesrch® curves showing the breskeeven position for
any level of cost.




Fig.8-1 Break-even Curve Showing Where Investment with

iy and Without Research may be Justified.
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acresge of beet had been promised, This would enable hesitant fowmers %o
evaluste the erop from the experiences of growers. If the growers were favoursbly
impressed other farwers would seek growing conbraeis and the production of beet
would incresse. This sugpestion is sound only if the probebility of further
produetion is high, If farmevs experdences with the erop were not favoureble
rofduction would deeline, rather then incresse.

Secondly, the fesctory could contimie fo operste by refining cone suger if
the production of beebs declined at some ftime in the fubture, This feet mey place
the ferwer in s sibustion of grester uncerteinty beceuse he may be less cerisin
of an assured market for his beet production, If absolute protection was given
to the industry this would not occour. But if the world mrice of cone suger fell
to & low level which ensbled it to peay any "reasonsble® protective tarif! end still
undersell beet supsr, then the beet Tactory would either have to reduce the price
to the farmer or refine cane sugsr to maintein e competitive position.

Thus vhen & duel porpose fectory is consideved, two sdditionsl fectors will
influence the situstion,

{a} Parmers mey face grester uncertainty sbout the future demsnd for
sugsy beet, This would probebly be urdmportent but, to the extent
that it did cecury the probebility of failuve, Fps would tend to
rise,

(b) There would be an slternctive use for much of the factory plant
and eguipment.  Staff could be retsined and the demand for
processing rew moterisls {cosl and lime) would continue.

Suprlies of beet could elso decline in the future if more profitable
production opportunities became sveilsble or if present alternstive product prices
incressed velative to that for suger beet,

The possibility of & dusl purpose factory is & very importent considerstion

becsuse it reduces the possible losses substantislly, provided the fuctory is
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conveniently siteds It is probeble thet Balclubhe is not & sulteble site for a

sse it is 50 miles from & port (Duseding snd expensive

deable handling would be involved. 4 refinery would be best sited where diveot

: from ship fo refinery is possible. Howevery it would be physicelly

poszible to conbime operations elthough trensport cherges would be highs

The pessdble losszes will be reduced to those suffered by farmers,
trensportation and mechinery Tirvms. Capitel snd profit losses mey be suffered
by 81l three and stef? reducltions would probably tske plesces The totel possible
loss would be smell cospered to 2 single purpose best sugnr fechory.

The effect of these fectors can be illustrated in Figare 8.1. Incressed
uneertainty increases ?f while the dusl purpose facbory reduces L, say, irom

E fo 2.

S.lie3 The FPosition in South Utsgo

There esre three important peremeters to consider in South Otego.
1o The possible losses from s failure of the industry, L.
2e The probability of feiling to secure the recuired tonnsge of
best, Pf.

Be The cost of resesych, R o°

The estimsted cepitel costs of & fachory with an oulput of 30-35,000 tons
of refined sugsr veries from 3=-4 million pounds, inclusive of farm mechinery end
the provigion of other sneillsry sevvices. I we suppose thst the possible total
losses are £ willion in South Clago for s single purpose fectory, the region where
research is required is BRI in Figure 8.1, I the possible loss from a dual
Wa factory is £0.5 million then the region of resesrch is reduced to BSV. In
this last case, the probebility of success must be grester thsn (.8 before research

becomes urmecessary. This shows the necessity of carrying out & resesrch

progremme even when the possible losses are relatively low end when the probebility

of success in securing adecuste suprlies of sugsr beet is highe
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If the production of 100,000 tons of refined suger from beet iz considered,

the possible losses may be £12 sdllion and the region of resesych is EETFG dn
Pigure Bote

The velues used shove sre merely rough estimstes, but the position is
clesrly shown by Pigure 8.1. 48 shosn in Chapler 5, the probability of failure
to secure an sdeguate tonnsge of beel from the farms surveyed in this study is
high., If the survey was repressnbetive of the sttilude of farmers generally in
the district, then the neceszity for s properly designed and execubed resesrch
progremme is clesy, After the conclusion of the work a good estimate of the
scresge of beet likely fo be produced should be 13@3%%%@2% and with this figure a

scund decisgion on the feasibllity of the industry could be made, &

8.5 CORCIUSION

This study has shown thet the grow

substaontielly but thet the culbural rewuirements of the crop, under complete
mechanizetion, syre ezacting.  Even though the syrea of suiteble soils in South
Otago is not known with certainty, it is clesyr that 2o0il type snd conbour will
plece Iimitetions on the scresge thei cen be successiully grovm.  The uvsefulness
of the linesy progremwing method in exploring the problem has been demonsireteds
The worthwhileness of & suger beet industry for Few Zesland shouid be
esseszed by using e method which ranks proposed industrisl development projects
in order of desivebility. If the project is worthy of serdous consideration then
an extensive progremme of vesesvch is rewuived to provide the dets which is needed

belfore o sound decision con be nade,

(73 in interesting end useful method for evalusnting vericus investment
alternstives which could be used by those with sccess fo accurste
capitasl end operating costs for beel suger factories of different types
and capecities is set out in the reference below.

Hopee, Jobn F., "Decision Trees for Decision Making®, Herverd Business
E&‘?‘iﬁ%’g; g?;lyfﬁ;&giig& 1?6&:}', e ‘;26*%3%»



57

Aithourh the resulis of this stuly are only tentative 1t hes desonstrated
thal move inbtensive crovping is profiteble in South Oteage. It has slso
demonstrated thet the sdditionel hours of work recuired from the permsnent farm
ghaff esnd the increesed laxstion psysble would reduce Tarwers inberest in suger
beet, If New Zesland farmers were essentislly mensgers, ss sre many of their
British counterpsrts, instesd of corbining the functions of msnagers snd farm
workers, then these itwo factors would be less importent. The fact thet the
Hew Zealnrnd farwer bss to do the physicsl work involved in intensive orop
production sz well es desl with plemming snd mensgepment will slmost certainiy
reduce hie interest in & cvop such as sugey beeb,

Thus the estimete of the likely sereage of beet that will be grown in Scuth
Obtago is not A pure economic znd form mensgement problem bBut is a soclo-eccnomie
problen where the notions of Jevels of sspirvetion snd gosl discrepancies have
grest imporisnce, Bven if & sufficliently high estinste of the beet likely to be
grown iz mede that justifies the erection of e faectory, the problem of emecuting
the plans successfully snd profitebly on individuel ferms still remmins,

Thus the following recommendations are wmade,

1o Hew Zeeland should sontizue to purchase hey supplies of rew suger st the

werdld price whether through en sxrsngement with the Commonwesllh sugar

producers or nod.

Ze The setting vy of 5 domestic sugsr beel industry should not be considored
for ot least five yeors.

3e The results of this study indicste thet; a2t 2 price of £5 pexr ton for
suger beet, it is wortlwhile analysing the fermers' side of the problem.
The promoters of the industry and the Government must deeide whether this
price con be muintsined to farmers when the world price of csne sugar is
low (see Appendix IV) and whether there is sufficient former interest in

the propesal to Justify the expenditure of £100,000 on & resesych project.
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nowered in the alfivmetive, then the Covernsent

Ir these teo pestions are &
should set uwp & Suger Best Investigetion Unit charvped with the task of
selecting the most suiteble district {or districts) for the industry end
thoroughly examining the crop husbandery, mecheniesl husbandry and farm
wmensgenent implicetions of the crope This would probably tske five yeers
to conmplete,

If the preliminsry resulis of this study were favoursble then a thorough
investigation of the sconomics of the proecessing industry should be
cormenced and the results studied in the context of & nelional development
plerie

Socio-sconomic studles ere required to meke estimabtes of the provsble
acresge of beet that would be grown in any districte

£ study should be mede of eny possible trade advantsges bo Hew Zenland of
mirchasing our supplies of rew suger from tropicsl couniries to whom we
wish to sell our food products, perticuleriy deiry produets to Ceribbesn

and Letin Avswdicen countries,
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APPENDIX I

THE TECHNICAL RECUIREMENTS OF SUGAR

The techniesl remivements of sugsr beet production are discussed in

this Appendix.

19,1 crmmrel?)

The economic value of the erop depends on those physiologicsl functions
and processes that lesd to 2 high sugsr content. Yield and welity sre probably
affected more by water supply than summer temperetures, bul sutum tempersture
levels have & merked effect on sugsr storage. Vhyte sayss

"Other resulis confirm the long experience of fearmers with

regard to the comnection belween night tempersture and growth and

suger contents the sugsr content increases with deecressing night

temperstures, 7 percent at B6PF, 12 percent at 36°F. The weight

of roots incresses rapidly with rising night tempersture, reaching

e moximum between 57° and 79%F,  Thus, when the beet is az,g?z?afmng

maturity low night temperaiuves sre economicelly desireble.” (2

In the northern hemisphere beet is grown throughout the tempersate zone,
There is considersble diversity in the climatic conditions under which crops sre
produced., A long growing period is desirable, with reinfall well spread,
followed by dry sunny westher duving the month before Iifting. A properly
metured beet should heve & high sugay percentage, snd uninterrupted growth

throughout the season is essential for the plent to meture normalily.

{1}  whyte, R.0., "Crop Froduction snd Environment", Feber and Faber, (London},
1960, pre 2hG6~260,

423 W%’ gﬁvgog Gg;, ﬂi%e; ﬁtﬁﬁa
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Climetic conditions also affect the ecullure and handling of the crop.
Winter frosts sid the formation of & fine tilth in the seed bed, which is
essential for even germination. Cold conditions, however, during the first
three weeks sefter sowing the seed are likely to induce a high percenbage of

(3) especislly in suscepbible verieties. These bolters present

bolters,
hervesting snd processing problems as well as being low in sugsr. During the
growing sesson adecquate water,; either fyrom irrdpgstion or reinfell, is reculred;
but dry conditions ave desireble during havvesting since hesvy machinery has to
be used in the beet fields. Teb soil conditions can mske this task very
diffieult and sometimes on eclay =solls impossible, Wet conditions slso resuli

in excessive wuenbtities of soil adhering to the beet.

1%.2  20IL TYEES

"The best soil for the beel is s deep free working loemy but
the ecrop hes been grown quije ssatisfacborily on well drained soils

of practicelly all types.” Q@}

Suger beets sre deep rooting plents and should be grown in deep soils if
well sheped roots, free from fengs sre to be produced. The soil should retain
sufficient moisture to encoursge continuous growth but not an excess which would
impede spring culbtivation or incresse hexvesting éifficuldies., Beeb prows best
on naturally Pertile soils bubt meny solils thet are inherently poor chemicalily can
often grow beet sugcessfully if they sye suitably fertilized, The power of the
s0il to rebain swisture or to lose excessive moisture is move importent them its
natoral Pertility. ILow pil levels must also be corrected for beet iz sn uncertein
crop on acid soils. For best results mejor element deficiencies of potassivm,

vhosphorus, nitrogen snd sodium must be corrected as well as any ninor element

(3) Bolting coeurs when the beeb plent does not behave as & bienndal, bub
senfis up & flowering stem snd completes ils reproductive cycle in the
Piret yesr.

{4} Wetson and More, "igricuiture", Eleventh Edition, Oliver and Boyd,
{London), 1962, p.300.
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deficiencies, particulsrly of boron, mangsness or magnesium,

The distribution of supsr beet in Britsin sccording to soil type is
shown in Teble 1%.1.

The table shows thet 62 percent of the beet is grown on loams snd sands
and only 10 percent on the clays., Beet has thereforve esteblished itself on the

lighter soils end in the dvier districts. This concentrstion of beet on the

lighter =zoils is largely due to their ease of cultivetion, for the 1ight soils
do not give the hesviest yields,

TABLE 1%.1

DISTRIBUTION OF SUGAR BEET IN BRITAIN
ACCORDIRE TO SOIL IYEE

Soil Type Growers | lcres % Growers | % leres
&133 3 956? 41 :§§ 1 198 | 10,0
- Pen (Pest) 4,050 52,274 10.7 10,3
- Iimestone 914 15,366 264 37
Loam 175222 189,864 45.7 15,8
Sand 1,779 66,798 12,7 166 7
SA1% Ly 2 24,097 1.2 5.8
Unclessifed | 2,989 b 34333 Te9 8.3

Scuvces “Sugar Deet Cultivetion®, Budl. 153, Hinlstry of
Agriculbure, Fisheries and Food, {Tondon), 1960,
Teble 5, pe 216

Sendy soils sre easily worked and allow deep root penetretions
Seed=bed preperstion, weed destruction and hervesting of beet is essier on sends
than on any other soils, but their insbility to retein sufficient moisture for
contimous growth keeps yields low in mosb seascns, Very esrly sowing is possible
and this may, to & small extent, counter the ill-effects of later drought,

Exeellent crops can be grown under lyrigstion,
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1*¢2.2 Ihe Clays

“Seils hesvier then clay loams arj"a unsuitable for beet
cultivation, even in & dry district,"(5

Undesirsble subsoil is inverted if these soils are cultiveted too deeply
end horvesting sfter rain is made difficult and expensive by the sticky nature of
the seoil. The soil texture my be also demeged under wet conditions. Further,
it mey be impossible to feed off the tops directly and they would heve to be
certed off snd fed or made into silsge.

The clsy loams ave good beet soils in the drier aveas. In wel years
top growth may be excessive end 1ifting difficulties increansed, especially as the
season progresses. Thus early lifting is often necessery. To obiain good seed
beds cley loems should be ploughed ecarly snd cerefully worked so thet the winter
frost mould is kept on the surface.

1%2:3 The Losms
A deep medium loam or silt is probebly the best soil for sugswe
beet. These solls can retein sufficlent moisture for continuous growth end yet
drain galelly efter rein, They hove good vhysicel condiiions for beet growing and,
after any mutrdent deficiencies heave been repmedied, high yields cen be cbiained
regulaxrly. Stony loams, however, csuse excessive wesr on dmplemente, snd may

meke mechanical thinning end harvesting difficult.

1% 2. The Pects
Poots with & clay subsoll, adequately limed, yield hesvy crops of a

coarse beet with below average sugsy percentege ond a high content of nitrogencus

Deep pests are poor beet soils and need constant consolidation
before beet will grow well.

(5} "Suger Beeb Cultivation®, Bull. 153, Ministry of Agriculiure,
Fisheries end Food, (Tondon), 1960, 1.22

(&) Bxcessive cuentities of mitrogencus compounds, termed "noxicus nitrogen®
leads to exiracbion problems in the feebory. See section 1%.5.10.
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19,3 CCHICUR

The mechonization of suger beet production rewuires sccurste seeding,
thinning and intererow cultivetion %%miw&g?g Rolling country would a8d,
to verying degrees, to the difficulby of ablaining the reqired degres of
preeision.  Further, srezs intersected by gullies or stresms would necessitate
curved rows {unless considersble sress of land were uct sown sround the sides of
the beet srea), agein adding to the difficulty of mechenical culbtivetion.
menbal data on the lisdbdstions

It hes proved impossible to obtsin eny experd
sloping ground may place on the crope Sugsr beet is grown on rolling country in
Ireland, bub most of the thimming end weeding is done by hend lsbour. The Avmer
hexrvester wes speclally desipgned end developed for these a@xﬁéﬁ.ﬁmggz

Hechanizotion problems will incresse, as will the cost of all operstions,as slope

increases but the exbtent to vhich this cccurs heos not been reported in the
literature,

14 SUGAR BEET IN THE ROTATION

In Worfollk, where sbout one=qusrter of the British suger beet crop is
growng there has been an seve for sere mibstitution of beelt for stock feading
roots over o thirby-five yesy period. Between 1925 and 1960 there was o drop
of 100,00C soves in stock feeding crops and a compersble incresse in sugsxr beed
sereare without sny interference with the fundementsl rrinciples of mized forming
end there is evidence to show thet the interest in livestock ferming hes increased
rather than decressed since suger beet was mmﬁwe&{g} Sugsr beet has been
successiully integrated with mixed farwdng in a1l countries where it has been

{7} It is assumed in this shudy thet the crop must be completely mechanized
before it would be asccepbsble to South Otsgo ferwers.

{(8) Ermer, f.hey "A Hervester for Trelenid®s Sugay Beets", Agricultursl

it 45 1 mﬁg$ &s §§2§ ??55%

(9)  Rayns, F., "the Lord Hastings Memordel Lecture 196", Werfolk
Agriculturel Station, Horwich, pp. 17=19
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Ceresl or pulse crops sre considered the best crops to precede super beet.
Cerenls, since the introduction of effective weedicides, give ample opportunity
for cleaning the land and both give plenty of time for esrly ploughing.

After a well menaged pasture, the land is in good condition for beet but
ploughing mast be well done, otherwise uncovered turf will hsrrow out and cause
difficulty both st drilling and hoeing, Crops fed off during winter can precede
beet as long as ploughing is not too late.

Beesuse hervesting contimues into the winter, spring sown crops should
Pollow beet, The ceresls, barley, whest or cels, sre ususlly sown in Britsin.
Barley does porticulerly well sffter beet due to hesvy mammrdng end thoroogh
cultivetion received by the beet and the feeding off or plovghing in of the tops.
Thus, boet takes essentially the sawe plece as winter voots in the rotation.

1%.5 SUGAR CUIIURE

A discussion of the culiursl snd husbandry regirements of suger beet is

mresented below,

1501 Zubunm and Tinter Cultivations

If suger beet follows pushure or & grain crop, ploughing should be
from nine o twelve inches deep, where soil conditions permit, so that turf or
crop residues csn be placed well below the surface. Where heet follows o
winter forage orop, ploughing will be later and seed bed preparation rendered
more difficult. Deep ploughing necessitates the use of & deepedigging vlough
which leaves the land in good open condition to toke the grestest sdventage of
winter frost for the provision of a fine frost movlds The additional depth of
working also encourages the development of & more shapely root which is of

importence et lifting., VYhere a clsy pan is present or the soil is relatively
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shellow, svbe-soiling will shetter the lower soil layers and sllow deeper root

penetration, “One way ploughing” sids the prepe
it leaves the lend without ridges and forrows. In the sbsence of a veversible

pation of a level seedsbad since

plough, it is prefereble to plough round the paddock rether than in lands,

srown erop of suger beet removes a lerge cuantity of plant
mitrients from the seil. Forty crops were examined in 1944 end 1945 in Engl

and Table 1%.2 prepared
The figures for phosphordie seid sve less extensive, bul epprovimstely
0. 36 owte 2,0y ie removed by sn eleven top erop = shout helf in the roots and helf

in the tops. Since sversge yvields hove ingreased by three to four tons of voots
per sore since 1945, the uptske of nutrients will now be higher,

Table 1%.2 shows that, although the voots account for over half the fresh
weight end two=thirds of the dry weight, the mutrients are mainly concentrated
in the tops = especislly so with sodium which is an importent nmubtrient for sugsy
beet. If roots end lops are removed for the crop shown in Table 1%.2, the soil
loses the equivelent (epproximately) of 2 cwis. of superphosphate, 2.5 cwh. of
muriate of potash and 1 owbe of lime, '

19,2

NUIRIFNIS FEOM THE SOIL

¥icld of :
Boots and Tops Tutrients Bemoved
| {tons per acre) ~ (owbse per sore)
Fart of Crop | Fresh | Dry Matber | ¥ EQ | Nag0 | C20

1.2 263 | Ookdi | 0:39 | 007 | 0015
0.2 16 27 O 77 1. 04 0.64 s 34

4 : e

] 2@334» 3&%{} ?égi ] %@%5 ; &t?‘i I &é%ﬁ

Tops as % of totel | 48 32 1 6L 73 90 69

Sources Sugsr Beet Cultivetion, op. eit., Teble 8, p.31
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The first essentisl in the prepovetion of land for beet is to ensure that
the soll contains an adecuste supply of lime. Progressive loss of yield ccours
a8 the pil Palls below 6.5 and the crop will feil if the pH £alls %o 5.3 or less,\0)
4 survey in Scuthern Sweden showed thel best yields were obiainsble in the ¥
5. (1)

vange 6.7 te 7.6 Excessive spplicstions of lime con resplt in deficiencies
in the minor elements, mengsnese, boron spd msgnesium,
The fertilizer requirementz of beet heve been extensively studled sxd ave

well knowsn in Britsin, Hesvy dressinge of 2 conpoun

} Pertilizer are inverishly
aepplied, often in sddition to en application of dten to fifteon tons of farm yexd
,{12)

2 typienl mivturs for genersl wse in & normal rodstion {d.e, not
ouk of pasture) would bes

Sulvhate of awronis 5 k.
haperpho 3 owute
Huriste of pobash 2.5 owte

Salt 3 ewh

%here » good dressing of bigh quality dung had been ploughed in before the

b ewbe
E ke
15 outba

S T

TOTAL 6.5 owbe

e

Salt > owb.
In particulsr cases & spesific dressing would be feemilabed for the seil
type and situetion concerned, bul heavy dressings sre the rule.
A large series of merwyial trisls esrried oul in the United Kingdom from

1940 to 1949 clearly showed that applicstions of common salt incressed best

(10} *z‘izié%fg ?‘3& "o gsf? fi; - Doet F%ﬁ“%&}? ’féaa%ﬁ Lime in Yorkshire”,
%&g 2 ’%ﬁ}m‘?&,‘g

(11} %&gex' §ee§; %&%@%ﬁéﬁ% ?&325

(12} sBams, 8.W., "Present ?ﬁe@sm Suger Beet Monurding®, Brib, S.B. Reve,
2?§5} ﬁ“f*’??% 1959,
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vields. Selt performs et least, in pert, the seme function ss potash, since
the incresse in yield from sslt is considersbly reduced when potash is applied.
Holmes' 19) concludes that it is highly profiteble (st British prices) to use
s2lt on sugay beet in sddition to pobtash on soils which sre low or tending to
be low in avellsble potash, In soils high in availsble potesh the returm for
using salt, in addition to potash, is unlikely to be profitsble.

Germination of sugar beet is easily damaged by high concentrations of
soluble salts close to the seed so nitrogensus or pobassic msmsvres should not be
sown with the seed.  Probebly the most convenient way to msywre beet is to spply
3 owhe of ssl% per sore on the stubble in the sutumn and 6«7 cwi. of a compound

fertiliner before seed bed cultivetion in the s?rirg@{%'}

1%e5.3 Eeed Ted Cultivetion

The sugar beet seed is more sensitive in its requirement of soil
moisture for germineation than thet of any other tempersie farm crop snd as it is
essentisl for mechsnicel thiyming that the crop emerge wnifornly this demends
that seed of kigh vigour and germinstion capscity be sown at & vniforsm depth in
a mﬁsigtaa%ly moist ssai}.,.{éﬁ ) Basic seed=bed preperation should be done during
the winter, on the furrvow, lesving only a minimum of work to do immediately before
drilling. A4 good seed«bed should be {irm end moist benesth with a fine $ilth on
the surfsce and this is best obisined by shellow euliivetions confined o the
weathered top soile.

#hile the beet crop can be grown successfully on undulating gro

surface irrvegulevities cen hinder and veduce the efficiency of the different
ing on-~thessquare

culturel operations. For this resson, one way ploughing or ploug
is being adopted end following cultivetions sre cevefully done to preserve a level

(13} Bolmes, J.C., "S2lt for Suger Beet in Scotland®, Brit. S.B. Rev.,

29(h): 163, 1961,
(14}  sdems, 5.8., "Fertilizers for Beet", Brit. 5.B. Reve, 29(4): 154, 1961,

{15) Dum, J.%, Paper presented to the Agricultural fngineers Conference,
ﬁ%’ﬁiﬁg& {%‘g’j’:: & %gé}, gﬁ‘é‘



168

surface. Hesvy Dubtch heyrows, seed harrows, clod erushers snd levellers
Judiciously used, on the fuyyow, should produce s good seed=bed. Care should
be teken to prevent the formetion of tracitor wheel rubts as these interfere with

subzecuent hoeing snd thinning opersbions.

i}iz;gel},{%) in deseribing his experiences with mechsnicsal thirming ssys:

"The field mist be level. It tskes considersble trouble and
expense to schieve this snd to ensure that subsequent cultivstions do
not dmpadr i1t, Ievelling a feym is a long berm policy. The bulldozer
is used freely to deal with msjor unduistions end the landplene in
onjunction with the standerd wounted cultivetbor, after harvest (ceresl),
on next year's beet ares, One cannot possibly do too much levelling
end esch time mskes for some vesl improvement. The lew of diminishing
returns is slow to apply here.®

In the drier beeb avess in Brifain, almost all beet is now drilled
on the flat, This wmethod erebles betber soil moisture conservabion during seed-
bed preperotion and the rows may be closer together then is prectical with &
ridged erop.

The aim is to obiein & weed free braivd (plent stand} with as meny single
plente spsced evenly and regulsrly along the vow as possible. A spacing
{precision) drill is necessary Tor scourste seed plecement. Varlous mechanisms
are in uvse snd drills can be obieined which sre as good in selecting and
distributing single seeds as precticsl conditions recuire. This yreoulires,
however, that the speed of driiling be carefully condrolied, {f?} suggests
that two miles per hour is ideal. To overcome the disadvanteges of slow working
up to twelve seeder units wey be mounted on a tool bare

Within limits the shellower the beet seed is drilled the betier the
germination, About three-guerters of=en=inch is considered the best depth. In

ving weather or on & seed bed thet has been difficult o prepere it may be

{16) Gingell, ., "Some Experiences with Yechsnicsl Thinming", Brit. S.B. Reve,
1(u): 187, 1963,

{17) Havvey, Fulle, "Sowing and Thinning the Sugar Beet Croyl, Field Crop
Abstracts, ‘i‘?{}«}z 15k, 19586
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nesessary to go as deegp o3 one and=e=quarter inches to find afequabe soll moisture

The supsr beet "seed" is, boteanically, & cluster normelly conteining
oubter buske 4 single cluster,

one to foor frue seeds snbedied in s wvoody

therefors, produces seversl seedlings in a closely entwined bunch, Different
forme of seed trestwent have been practiced in order to reduce the aversge muwber
of seeds in sach cluster to 2id the singling of the orop. Fubbed groded,

compereisl

secmented and pelleted sesd has besn produced but 1t wes not until the
development of the monogesm %EL@E‘&%’%}%:{’ and its ingorporetion into stenderd sugsr
beet verieties thet a sstisfactory seed wes oblained for wecheniesl fm%ma{?g)
Honogern aeeld, if securstely sown, will provide & high proportion of singles in
the row, This seed is cowmercially sccepbeble in the United States, but the less
favourable climate in Bxddsin resulis in lower yields and a tendency to bolt

sxeessively. A breeding progremwe will, in time, overcome these disadventages.

195.5 Elent Fopulation aud Specing

Experimental evidencel'?) has shown thet the highest yields of roots
are given by close spseings both between the rows eand within the rows to give 2
plant populetion of sprroximetely thirty thousand plents per sere. On very vich
solls, vhere individusl plents grow lsrge, Pewer plants will give the same yield,
but on very light soile more plants will be requirved., One plant $o 220 scuere
inches will give sbout thirty thousend plants per sere but in order %o allow for
the inevitable geps ’3’.‘2: is better to plsn &;ﬁaﬁﬁg st one plant per 200 squere
inches, iAn ideal sprortionment of =oil and Iight would be obtained with fourteen

inch rows snd fourteen inch specings between plants in the rowg but this would make

mechanization impossible, In prectice, the alloestion of 200 squere inches per

(18)  "Crystal-ized Facts ibout Suger Beets", 15(3)¢ 4~29, 1961, ‘imericen
Crystel Suger Compeny, Denver, Colorado; U.S.4.

(19) Hervey, Pulley Ops cite, pe15ic
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plant hss to be secured by sowing in rows 18, 20 or 22 inches epart and singling
to intervels of 11, 10 or 9 inches respec%i‘ifelij} Wider dvilling fecilitetes
sumzer culdivetion, saves seed snd reduces the lsbour of singling snd 1ifking and
sate for a slightly smeller

there mey be occasions when these adventages compen

Flent nurbers shonld be reduced to lesve a regularly spaced
suocession of single plents, 4 proportion of the Buropesn beet crop is still
hand thimed boub mechenicel thinners ave being used increasingly, elthough hend

trivedng ds still slwost universally g@a@%is%{zﬁ

in the Grest Pleins svea of the United Ststes, only twenty per cemt of the erop
was thinned by machine in 1955,

Harvey %) aistinguishes three ways of thining the crop mechanicelly:

(i)  Crossecultivation
(1)  Cross<blocking and gapping
{131}  Downsthe-row thinming.

Crossecultivation with s herrow Lfinger weeder will let light end sir into

an over-thick crop, but it will not avoid the need for hend singling.

Cross-~blocking mesns drewing a set of hoes across the seed rows so that
most of the planks are cut out, lesving bunches of plents in the position where
a single plant is required, Gepping aschieves the same result by using a machine
which trevels down the rows., These methods aye inefficient beceuse the braird is

(20} Watson end More, Ope cites, Pe 302

{21) Unless monogerm seed is used, mechanieel thimming lesves meny positions
with two or more plente, Hand trimming consists of removing sny excess
plants and tidying up the breird.

HMeughan, Gel., "Frecision Drilling end Hechanicel Thinning®, Proc, 18th
’é?i?ﬁ?ﬁr Congress Institut Internationel de Recherches Bettersvieres,
Brussels, 1955, p.155.

{2}} Haxvey, Bll, s eib. s Pel155

{22)
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ravely even enough and wide goaps sre often laft, meking it impossible fo atiein
the desired plent population. Also, if the hoemen asccidentelly oubs cut &

bunch there is no nmemns of compenssting for the syver.
ing can very {rom merely opening up o thick orop, to

the complete elimination of hend lsbour, but the extent to which the mscivine can
reploce hend work depends lavgely on the regulerity of the initisl seedling stend,
Early in the 1950%s the Windsor system was developed in the United Stobes snd hes
now come into genersl use. Flants sre removed from the yvow by smell tines

Both the nurber end size of the %zzz@s ney

mounted redially on & robeting head,
be verded, Two tresinments abt a three or four dsy intervel are given when the
plents ave in the two true-leaf stage, afber melking plant populstion counts and
consulting tebles to determine the sprropriste reduction in plent populstion
recuired. The first psssage of the mzchine cuts oul 50 per cent of the plants in
alternating 1.75% inch widths, The second trestment is cerried out when the
surviving plants are agein stending up, the muber of tines end width of blade
used depending on the stand at that stage.

IT there sre pumerous weeds, o preliminsry operation with the thimer fitted
with spring weeder heads is useful in rewoving swell weed seedlings, which at this
early stage are ususlly less fSxmly rooted than young beet plants,

infsor system hes been evolved in FTurope vhere
pendulum end reciyrocating thinners have been developed. These sre simpler and

8lightly cheaper than the rotexy type bul it would sppear thet thelr performance
(24)

is not so predictables
Hechanicsl thinning ensbles the whole suger beel scresge to be drilled

esxly becouse the drilling dates do not have to be steaggered to prevent the erop

“growing sway from the hoe® as with hand werks

Irvegularity of plent distribution,
which is ineviteble after s complebe mechanicel thinning

hervesting difficulties with the result that top and dirt tares bave increased

(24} Dunn, J.5¢, ODeCibes Te3s
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1%e5.7 Heed Control
The germinstion and emergence of sugsy beet seedlings takes from

10~1L doys end vp to 21 days under adverse conditions., lHapy armuasl weeds
germinate more ropidly snd the crop is feced with esrly compebition from weed
growth. {The proctice of seversl shallow cultivations before sowing to destroy
germineting weed seedlings conflicts with the desive to conserve soll moisbure
and is not recoanmended.)  If hend work is to be veploced by the mechine, snd
particulsrly vhere precision drills and low ssed retbes are used, o chemiesl mesns
of weed control is essentisl. A thick stend of beet will crowd out other
seedlings bubt o thinly speced crop will be quickly invaded by weeds,

@i&%ﬁgﬁg) in discusaing weed control says that prewemergence

weedkillers such as F.C.Pe (pentachlorophencl
nitrate of soda or salt sproy were useful stop-gep measures but neither proved

entirvely setisfecbory. During 1960 and 1961 meny trials in Britsin showed that
a mixture of endothal (3,6-endexo-hesa=hydrophthalic scid) and proghem

(isopropylsfi-phenyl carbemate) geve good weed control under the right conditions,
having & vesiduel effect lasting from six to elght weeks, Two iwportent facts
tion to

heve emerged, The rate of spplication is oriticsl end varies in propo
and rainfell of at lesst 1/8 inch within

the silt end clay combent of the soil,

two weeks of drilling is requirved. The rates of application mey be debermined

by & scil enslysis, Since the rates of epplicstion incresse with the cluy content

of the scil, the cost mey be prohibitive on solils heavier than mediuvm losms,
Intensive resesxch inbo the development of more effective weedicides for

sugar beet is being conducted in meny paris of the world and improved formulations

(25) Turner, ¥.V., "Mechsnicel Thinning
29(k):  165-166, 1961,

(26) Gibbon, A.%., "Bond Spraying for Weed Control in Suger Beet, Brit.
SeBe Revey 30(4): 185, 1962,

Adds to Net Profit®, Brit. S.B., Rev.,
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ere becondng aveilsble. Ome which shows some promise is Bulele {1 « phenyl -
L anino = 5 - chloro-pyridazone = 6). This chemicsl is st present being bested
by the Hew Zeslond Department of igricvlture. (27) It csn be used for pre-snd

post-energence conbrel of weeds in sugsy beet, fodder beet and mengelds. For

rost-emergence control, the crop must hsve passed the fivst true~two-lest stoge
if excessive demsge is to be syoided, Prelimdnery results show thet the

susceptible species include fathen (Chenopodi

avensis) is resistent while cleavers (Solium opsrine)
modeyrately resistant.

Inter-rov cultivation will be necessary until the lesfage meels scross the
rOWS %ﬁwﬁ%@mﬁmﬁ%aﬁ%@sb&%&%&eﬁ&ﬁs%@yw

left, especislly fathen, creste added difficulbies st harvest Hime,

Sugex beet ds subject fto a large muwber of pests and diseases,
but 1itile work has been done to deterwine those likely fo affect the crop in
flew Zeelend, zo only & short discussion of those of potentisl imporbance is
civen, (28)

Viras yellows iz the most impor

tent disesse of sugar beet in Britein and

its presence is %gggm%&é(?‘g) in Hew Zealsnd.

(27) Hatihews, L.J.; Frincipsl Sciemtific Officer, Department of A
Wellington, FPersonsl commmicetion.

rriculbure,

(28}  Jones, FoG.¥., "Sugsr Beet Pests", Bull. 162, Ministry of Agriculture,
Fisheries and Food, {London), }z,%g Salay 1957

Hidly Rey Sugﬁr E&e‘t Diseases™, Bull, 142, FHinistry of LAgriculture,
Pisheries snd Pood, {Iondon), HoM, 8 20y 19504

These publications Wé a comprehensive ascount of syspboms end conbrol
measures to which the veader is referved for full information.

(29} Dwm, JuS., personsl commmication.
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In the field, virus yeilws has to be considered ss 2 cowplex of strains
ranging from very virudent to nesrly avirulent. The Virus Desease Committee
of the Institut Internationsl de Recherches Bettersrvieres {I.I.R.B.) in their
1959 z‘ep@rt{“z'{}) said that the several viruses that cause yellows of sugar bect
in Pield crops cen be pleced into two groups. Those in Group I generally
produce o severe form of the disease, but isolates from different scurces can vary
considersbly in vivvlence. £ milder form of yellows is csusel by the viruses in
Group IT. They produce yellowing of suger beel more slowly and sre thought to
be unrelated to Group I viruses. The term "mild yellows® is sometimes spplied
to this form of the disesse,

The discussion below refers to virus yellows produced by the Group I
viruses, Although 118 yellows ceuses yellowing of the crop it rerely affects
yield significantly.

The first symptom of the disesse is o thickening of the Jeaf lawmina
followed by a yellowing of the leaf spresding from the tip. The infected leaves
axe brittle end when crushed in the hend ersckle end bresk into smell ploces.

The diseasse {irst bocomesn apperent ss 2 genersl paling of the crop in patches,
but the extent to which the disesse spresds is very verdsble, I the infeection
is widespread and occcurs esyly in the season, the crup assumes & bright yellow
colour and is so stunted that soil can be seen belween the rows and wesd growth
mey be exceseive, Reduction in yield may be as high as 50 per cent. VS&%&?
content may be reduced by one or two per cent snd the processing quality of the
roots mey be sdversely affected. Infection later in the season hes a peduced
effect on yield.

Beet yellows virus is introduced into the erop by the peachepotato sphid,
Hyzus versicee, The severity of sttsck depends upon the extent of sources of

(30) Rietberg, H,, "Virus Yellows of Sugsr Beet and its Control", Proe. 22nd
Winter Congress, L.I.H.B,, Brussels, 1959, pp. 269=311.
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virus end the nurbers and behaviour of the sphid vectors. The virus is not
seed borne., Seed crops of suger beet, mengolds snd red beet and mengold clamps
ere scurces of the virus in the following year.

During mild winters the aphids persist in lerge mmbers; not only on their
chief winter hosts (sevoy csbbage, turnips snd other brassicae) but also on the
sprouts of elamped msngolds and suger beet seed crops. Higrants from the last
two sources sre the most dangerous becsuse they mey cerry the virus, vhereas
brassice crops do not harbour the virus, In severe winters the sphid is more

depvendent on the eggs laid on peach trees but it mey over winbter in meng
gordens ond other sheltered places. The black been aphid (iphis fabse) can spread
the infection introduced by lyzus persicse. Severe virus atlacks axe ssscciated
with mild winters snd dry hot springs snd summers.

Control is assisted by the elimination as far ss possible of the sources
of virus, thus the seed crops should be growm in snother district where pasture
end ecevenl crops sre chiefly grown. The mein method of control now used is to
spray with a systemic sphicide to reduce the sphid population, thus delsying and
decreasing the spread of virus yellows within the crop. In Britsin the factory
fieldwen regularly inspect crops and if the sphid population reaches a potentisliy
daengercus level a generel worndng is lssued. Spraying is usuaslly sdviseble when
an average of more than one aphid per four plents is found. (51)

mnningg 2) in discussing the relative efficiencies of insecticides
suggested thet the spplication of the new gramulsr systemic compounds may be more
effective then sprayse The granules sre sprinkled in s band sbove the rows of
plants by means of a grsnule spplicetor mounted on s tractor h@ée This method
confers & six week period of protection to the beet foliage compered to seven to
twelve days following spra

{31} Dumning, R.4.; "Aphids end Yellows in 1960 snd Frospects for 19617,
Brite S.B. Review, 29(3)s 118, 1961,
(32} Dunning, F.i., "Insecticides to Control Aphids and ¥ellows", Rrit.
 SeB, Reve 30(3)s 133~135, 1962.
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The frequent cropping of lsnd with sugsr beet or mangplds is lisble %o
lesd to & condition kriown as “beet" or "mengold sickness”, in which the plants
sre stunted snd the yield very seriously reduced. 7This condition is caused by
the beet eelworm {lleterodera schechtii, Schm.) a commn pest in Burope end the
United States and one of the major problems wherever beet is cultiveted
intensively. The eelworm hes not been positively identified in Hew Zesland to
date but is o pobential source of trouble bo & beet industrye {33 lsrke stetes
thet it is & prime recuisite to know whether this pathogen is present before a
beet industry is es%.%f&liahe&i%‘ )

The 1ife cyole of the ecelworm takes place entirely below the surfece of
the soil and injury to the suger beel or mengold plant is caused by eclworms
feeding within the vootlets, A fev eelworms sre unnoticed and it is nolb wndil
the populetion in the soil becomes high, becsuse of over«cropping, thet injury
becomes spperent to the farmer. The agpesvence of the disesse in peiches in o
field is a werning thot susceptible crops ave being grown too frequently.

The beet eelworm sttecks snd forms cyste on meny crop snd weed plantse
Any emsll vervticle of soll contsining eysis whicn is cspried o clesn land is

sng of dlspepinatlion are TETEPOUsS.

capsble of spresding the pest, so the nme
A11 chemicel mesns of control are costly and cropping rotations have to

be desipgned so that the interval betwssn susceptible crops allows the eelworm

populebion to fall to levels at which sexious injury does not scour. On the

continent of Furope where the beel eeiworm hog heen Imowm since the end of last

century, no trouble svises where long votetions are followed in which beet or

other suscepbible crops sppear oniy once in six yesrs. OUn heavy lsnd boel selworm

G e y 3% e G v il Bb IR e (hann  pos Bd aled P
populabions builid up slowly snd the pest is less sericus than on Iight land.

(33) Clarke, ¥.C., “A Review of Fiant Paresitic Nemetofes in Hew Zeslend",
Sixbteenth N Z. Weed Control Conference, pp. 91«95, 1963.

(34) Clerke, ¥.0. FPersonsl comunicetion.
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1%:5.9 Harvesting Suger Peet

In Britein the growers crop is purchased by the British Suger

Corporastion et = specified price per fon of corrvectly topped and clesned beet
For the 1962 crop the conbract jwice, which is negotiated by the Nalionsl
Forpers® Union snd the Covermment durdng the iArmusl Review of feym prices, will
be besed on & sizbeen per cent sugar conbtent with a price diffevential of 10/=,
plos or minus, for esch onme per cent devistion in suger content. The ifferential
hes been ineressed from 7/6 to enesurage the yroduction of beet of = higher sugsr
content, which reduces factory costs,

When the beets are vipe the outer lesves itend to f2ll down. TFeotory

operetions lust for shout three monthe so 1lifting conmences before the ovop if

fully ripe or hos sbteinsd its m

cimag suger confent. The Jast of the erop may
undergo some shyinkapge, especially i 1% bas beon clamped. In ovder to give

growers equnl advantages in fime of delivery, deted delivery pormits ave alloes
te esch growers  Thus delivery is not the same as havvesting end, sithough it is

best for lifting to keep pace with delivery, it is revely possible fo synclowoend

the two so that there is no beset In stors on the farm, It iz espential to keep

1ifting shead of delivery and to be sble to drew on wosdside dumps of beet for

delivery during inclement weather when 1ifting mey be

impossible. The s=oil type,

soresge of beet, developmen® of the crop, westher and delivery permits all eontrol

the length of the beet hervest. I4fting wey cexyy on longer on the lighter soils
than is possible on the eolays from which beet should be repoved esxly, oven though
this entails storsge on the form.

4 complete suger beel hervester should top the beet sorrectly (at the
Jowest leaf scar), 13ft the roots without injury, clesn them and slevate them
into & truck or treiler as well as keeping the tops sufficiently clean for stock

feeding, The most efficient topping hordems ave those which work on the beet
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while they ave still in the gromd. 29! The topping unit has a device which
rides on the crowns of the beet and adjusts the bopping Imives for tsll or shord
plentz.  Yachines csn be obtsained, however, which top the beet after they beve
been 1ifted, Hany havvesters 1ift the beet with conventionel shoves while others
employ e robary type 1ifting mechsnisw.  Since a considersble gquentity of seil
adheres to the beet sfter 1ifbing, a cleaning sotion is uswelly ineorporsted in
the elevstor mechanism.  Some horvesters have a bulk tenk either on the hayvester
itself or mounted on the iresctor into which the beel is elevated, the losd being
durmped at the hesdisnd. The complete harvester can, in sddition, elevate the
tops into a trsiler, windrow them or spresd them for plovghing in, Hervesting
can also be csrried out in two sbages by topping with one machine and following
with enother which 1ifts the previocusly topped beet.

Caxrting off the tops et the Hime of hervest mekes the whole operstion of
transport & very big underteking end could only be considered where plenty of men
end machines were ‘%’?‘&ilﬁbl&e(ﬁ €)

The lesves cen be collected cleanly and directly by o forage hevvester
before the roobs are harvesbed. (37) The croms remsin 80 & harvester fitbted with
a topping mechanism is used to 1ift the beet. This rethod eliminates top
spoilege vroblems but the crovns sre Jost snd less stock food is reelsimed.
Iifting should follow leaf yemovel within dwo days to mirimise super losses.

Bird teres may be high if beet harvested in web conditions sre delivered
straipght to the fectory. This difficulty can be overcome by clemping the beet
end losding them throug

h 2 clesner losder on fo rosd transport. Considersble

care in clamping methods is necessary to keep storege losses to & wminiwam,

(35) TWatson and More, op. eit

2.8 ?*igg&
(36} Mewbry, M.%., "Silage from Sugsr Beet Tops®, Brite S.B. Reve,
32(1)s  27-29, 1963.
{37} Heynexd, E.J., end ¥neus, K.T., "Beets end Heat®, 3rd BEdition.

The Great Western Sugsr Compsny, Denver, Colorado, pe&9.
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oulpint®) says thet one of the chief remsining difficulties in beet

hervesting is the smount of dewsge done to soil strucbure by the tractors snd
tredlers vsed in hervesting end corting off the crope With a smingle row

hervester every inter-row spece is first pressed down by the trschor and harvester

and then by the troctor snd treiler (or truck) ruming alomgside. The result
cant be hermful to following crops if horvesting tekes plece in wet conditions.
Culpin also observes thet prepervation for mechenicsl harvesting, ss for
precision drilling and mechsnicel thinning, begins in subwm with level ploughing,
drilling rmost be sbreight end the field must be laid out to feeilibate the use

of the hsrvester snd to svold unnccesssry hand work st the rovw ends.

19.5.10 JFeetory Requirements for Sugsr Beet

The fectory recuires beet with 2 high sugsr content which will
produce a :}111{3@ with & high prity.

During g@@st}:} highly complex substsnces sre produced besides suger {sucrose)
and the smount ond type of these substsnces determine the quality of the Julces
in the roots, Impuvities, especislly certsin nitrogenous compounds referred to
as "noxious nitrogen® reduce the amount of sugsr then can be extracted from the
heet, This fsctor should be considered when making nitrogenous fertilizer
recomnendetions so that excessive dressings are evoided. Flant populetion
also affects pority. Within limits, every additionsl thoussend plents per sorve
increeses the purdity éf the crop by 0:3 per cent; probebly becsuse large beet.
often produce rough, cvarse and large crowns,

£ healthy crop is s&lso necessery to ensure high-guelity beet, Eaxly
esteblishment incresses éﬁ%,se resistence snd reduces the likelihcod of & severe

virus yellows atiack, This disesse has a2 highly sdverse effect on Juice puritye

{z8) &ﬂ?iag Cog "Parm Vechanization Hanagement”, Crosby snd Lockwood end
Son, {Tondon), 1959, p.182



Beet sre Yoble %o demnge by severe frost, The sell struchure of the roots

is destroved ok, es long as they remein frozen, they can be yrocessed suocessfully,

Thawing « sgpecisily rapid thowing = ecsuses de osition of the sugers snd a

E

viseous fermentotion shards, resuliing in the profuction of mucilaginons substsnces,
These mubstenpes serionsly interfere with the filtration of the trested juices.

Care shonld, therefore, be taken %o ses that clamped beet sre vrotected from

sevare Pronts

Efficient exbroction recuires roots thet will eud eleanly and mroduse high

aelity slices (cosseties). Bolters end mpdersforned beot give slices of poor
quelity, Herly boliers arve Ywoody", low in supsy, difficult to slice and
cuickly elog snd domsge the slicing mwchinery, while underbopped beet ave much
lower in sugsr snd purity than yroperly topped beet,

Stomes and tresh (lesves, sbalks, strew, weeds) delivered with the beet
also impsir fectory efficiency. Stones damege the slieing mschinery end fwash
clogs it up, both causing delays which may slow down the rate 2t which heet can
be reeeived,

Dirt delivered with the best is, however, the greatest yproblem, I the
beet are clesn the growers delivery costs sxe lower. Tess lebour is vequired
for loading snd the likelihood of deterioration in clamps on the form and of the
fagtory is reduced, When clesn beel sye delivered the loss of valushle top soil
from the ferm is winimdsed and the vroblems of soil snd effluent dispossl essed
at the feetorye.

Efforts sre now beling wede in Britain o improve both the suger percenbsge
and parity of beet,  Both have fallen stesdily over the laest twenty yeers due to
the ensphasis on qpentity rather then quality. The new basis of payment has been
introduced Yo encourage this improvement. A large experimenial progvemme is
under way in an attemplt to lmprove the purity of the Juice so that more sugsr can
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be 3}:#5;%55%&%(5 9) In Prdtein in the 125135 period 1t tock cpwwoximately =iz
tons of reote to yroduce ope ton of suger, while today (1961) it tekes sbout

6:‘}“?%5% tonw. {%QE

19,5.11 Strains end Verieties

Bugsr beet has been grown in continentel Hurope for much longer
than in Britsin, British streins of seed all owe much {o Conbinental verieties
from which they originsted. They have, however, by now been adapted to English
conditions. Continental strains asve componly classified into three groups:

{a) E types « stroins profucing lsyge roots with relotively low

suger conbent,
() Z or ZZ types = strains producing feirly smell roots with a
f high suger content.

{e) N types - strains, intermediate in size of root and sugar content.

This classifiention in terms of sugsr percentage is greatly overshadowed
in Britein by differences due to soil; season or incidence of disease. The
clasgificstion too, should not be confused with suger yield for Netional
Ingtitute of Agricultursl Boteny trisls have not shown any consistent difference
between the eslculsted yvield of sugsr of the B ond W types. This is becsuse
crops with low sugsy content ofien give high yields of roots resulting in normal
or high vields of sugsr per scres

A elassification that does have some sgricullural value is based on the
amount of folinge developed by the plsnt., Using this character the streins may
be divided into smell, medium and large fopped streins. Since the tops are

(39) Corruthers, 4.C., “Suger Beet Quality for Processing", Brit. 5.B. Reve,
Compbelil, GoX .G, "The New Beet Contrsct - Role of the Plant Breeder”,
Brit. S.B. Rews, 31{3): 135-137, 1963.

(40}  Battle, G.F.H., “Fresh Pields to Conguer®, Brit., 5.5, Reve,
30(2)s 87, 1961,
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greatly inflvenced in thelr devolopnment by 501l end climnie end since thay have

eonsidersble value as siock food the top cheracter of 2 stradin is often of

S R

The 2ifference bobweon sbrains is foirly consiant

oped strains giving sbout 25 per oant rove welght of fops
than thoe smedlest topped strains,

Detsiled informalion conceraing strains of sugey best iz obloined Trom
comprehenaive field trisls conducted by the British Sugay Corporstion and the
Hationsl Institute of Agriculiural Bobsny., These ifrisls, togsther with ftests
of new strains, hove beon used to complle the 1iat of recommendsd abrains
wiblished by the Institube. Reports om the tripls sve published aremally in
the British Sugar Beet Review.(*!) Wherever sugsr beet is grown farmers have
asvailsble to them detz on the chevecheristics snd performsnce of all streins snd
verieties 1ikely to be sown,

$2.5,12 Transulaniing Surey Peed
fre= m e

splanting of sugsr beet is mot precticsble owing %o
excesaive root damsge bul recsnt work at gaﬁ%@zﬁ;ﬁg@&?} hea shown that trensplenting
in zoil blocks is bochmically possibls. Transplanting ensmwes that a stend of
30,000 evemly spaced plonts, with no weeds in the fmmediste vicinity of the plents,
can be secured., Thimaing problems ore eliminated and intererow ouliivation and
mechanicel hervesting sinplified.

This work iz 23111 at the experiwental siage and many probless in the

mamfacture of the blocks and the development of hand

; trensplanting

souipment on the ferm sweld solution,

{41)  Tilley, L.i., "Trisls of Comsercial Verdeties of Suger Beet", Brit.
SeBe FReve, 31(4)s 177-181, 1963,

{&2) TFelwer, J,, end Wilton, B., "Frensplonting Suger Bee
Soil Blocks®, Jnl. Ag. Enging. Res., 7{2): 14i=119,

et Seedlings in
1962,




APPERDIX IX

CROSS MARGINS

b

2%,1 : GHOSS IARGINS - CASE WARM 1

Gross Verishle Grossa

Reverme Costs Margin

Lebivity Unit {£) () (£)
Wheat {‘?1} 1 scre 37.25 12,01 250 2y
Suger Beet (P,) 1 acre 75.00 3.4 43,59
Swedes (%} 1 sere - 3,00 «3,00
Hey {?&_} 1 aore - 6o 3 b 3l
Arsble Grazing (?5} 1 acre - 0o 9k =0, 9l
Honeirshle Grezing (?5) i acre - 0. 9 e 94
Sheep {.??} 10 E.E's 54,30 3. 30 38,00
Cattle (E—’*g} 1 cow 18,30 4,20 1he 10
Hew Grass 1 sere - 5,28 5. 28

Note: New gress hes not been included as en activity.
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2%.2 ¢ GROSS WARCINS - 0ASE BB 2
| @m "mels Gross
Raverme Costs W
hetivity Unit (£) (z) (£
#heat (¥,) 1 ecre 42,00 10,25 .75
Berley (%) 1 eare 38,25 Seli3 28,82
Barley snd Greenfeed {?3} 1 sere 38.25 11.83 D652
Sugsr Beet {31} 1 nere 87.50 38,99 - 548,51
Swedes {%} 1 acre - 3.56 =3s 56
Eﬁy (Pé} 1 agye = 6434‘{» 9‘6&3"%
Grozing QEZ} 1 scre - 152 wie52
Sheep {?8} 10 B.E's 4 00 975 34e 25
Wethers (1%) 10 wethers 16,70 4 20 1250
cattle (2, 0) | i stesr 35,00 23,00 12,00
Hew Grass i acre - 6026 =6q 26
Notess 1. Hew grass has not been ineluded ss an sctivity.

2. 4 Joss of 5/~ per hesd has been assumed on the sele of the
wethers as purchese and ssle prices csn fluctuate widely.
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2%:3 ¢ DEPAILS OF ROTATIONS USED IN  SECTION 7.8

Gross
Rotation Undits { ¥ar
Hunber {1oves) Crops Inciuded in the Botation {g%in
=

4 i Oelos s %} e [yl =he 26
2 4 Cely wee B9 = W0, =582
3 1 Qolle == BB e HW,Go =6, 26
b 1 (5 EN w’?é‘? o G By = MG, =8,66
5 2 OuGe o W Y e %2 o H G =8,66
6 2 Celle == ?{? e ‘é’g men H, G - 5,26
7 2 OeCo == *ﬁ,i we o Ty o S we G, wi e 22
8 2 Cele wes B9 o ‘%’_% e Mol 9,82
9 2 Telp meom %f%} e Do B, e H,Gs «be 26
10 b Oelie me F. By =e Sw e W0, «Go 82
11 2 Colie wm HoBe o ’f?; o Ty we Holis =8, 66
12 3 - Galle = %”f?,; s (g T o S wwem %)2 s Figlte w12 22
13 3 ol o= W g - B s %‘%*2 e oGy =9, 82
1k 3 OoGo == %%‘i wee SaBy = @%’2 =es [ {ie b, 26
15 3 Cally mee S8, == 59 o ’%?’1 wen oG =9, 82
16 3 Uele o= SoB, == ’x%} o (o Ty men %’2 e i =B.66
17 3 Colip oo ?{E e Sefly wee Sw e M 0, Q.82
18 3 Cole == S,B, == 5w w= %%’1 o Gy, == WG «i2, 22
19 4 Ue Gy weem '%%‘,; win o Fy me Jw me 5,8, e %*2 we ole | 12,22
20 4 DG = %*%*% wee Bpr e S, B, oo é%"z e Moy i =2.82

Hotatiom 0C.Ge = old gress
WG =~ new grass
%’i « first yesr wheat
@2 = second yesy wheal
Bw = gyedes
8,8, = sugsy beet
Ge¥o = greenfeed barley

Hote: 1. Whers a votation cccupies lend for a fractional part of its last
year, en allowsnce has been made in the model for the pasture
feed supplied by the rotation in thet last year,

2, The gross mergins of whest and sugar beet have been excluded from
: the rotetion gross mevglio.
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2%.4 ¢ CROSS MARGINS - OCASE FARM 3

Gross Voarisble éms

Revenue Costs T
Activity ; Unit {g) {£) (£

Fotetoes {:?1) 1 sere 240,00 122,52 1 117.48
Fotstoes and Greenfeed (F,) { 1 acre 240,00 12473 | 115,27
Wheat {:@3) 1 acre 49.00 12,10 36,90
Suger Beet (F, ) 1 aere 100,00 26,05 73.95
oumoellier {ft? Eg) 1 sere - Lo 6l bl
%ﬁang@}.és {}? ) 1 scre - 5029 50 29
Swedes (P } 1 aere - 4455 «ls 55
Arsble f;mm:g {}? ) 1 sere - - 0.00
Noneareble @mzing (r Q) 1 sore - 1:50 | =1.50
Iucerne Hey (P 442 Fip 3} 1 sore - 13,87 | =13.87
Dairy (P zﬁ' 10 L.Eis 81.49 585 75661
Wethers (P 5} | 10 wethers 16, 70 s 20 12,50
New Grass 1 acre - 8690 =8, 90

Hotes: 1.
home Farm.

2. TNew grass has not been included as en activity.

Mo topdressing is applied to permenent pasture on the
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APPENDIX IIX

BABIC HATHICES

The basic metrices for the three case farms sre presented in this

3%.1 INTERPRETATION

Consifder the metrix for Case Farm 1 in section 3%.3.

The gross mergins snd resource avallsbilities are clearly shown, The
figures in the body of the tsble are the technical coeflicients. 4 positive
figure shows that the sctivity consumes, or uses, s resource, while & negative
coeftficient indicates thet the activity contributes to the supply of a rescurce.
Taking the &cti%i‘bg ?2
in Jamusry, Februsry or Herch but rewuirves 3.34 hovrs of April lebour, 3.44 hours

s we see that one acre of sugsy beet does not require lsbour

of Moy 1lebour; csceesccscep and 0.83 hours of Decenber lsbour. The ackiviiy tzkes
up 1.0 acre of the moximam sugesr beeb acreapge, 1.0 scre of arsble land, comtributes
5.0 units of May=fugust feed and 2,0 units Septenber-Decenber feed.  Similer

interpretavions spply to the other activities,

3%'.2 TR COMFUTER

The computations were cerried out on the I, B.M. 1620 Data Processing

f5ig Qjﬁ

eguipment instelled in the Hobil Computer Isborvatory of the Engine
University of Canterbury.
The prograomee used was the Linesy Programving Rovtine, L.B.J. programme

Iibrary muber 10.1.002.
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3%.5 : CASE PaEM 3

16507 13,87 =13.87
Ivethers
(10 weth)
> Te7h] 1eThi 174 0,02
> i 0.02
= 0,28 817
> 170 te7h]  1e7% 0.02
> 017
= 0o 6l
= i 0:35
= 0:30] 0.300 0.30 0o 34
> | | 0.02
> 1Tl 1eTh] 7% 0.02
> 0.83 1 083 2.25 Te7h]  1o7h] te7hi 5.08 | 0,13
> 1.0
= 1 1.0 ] 1.0 (
> | 1.0 |
> | N | | 0] 0] 1.0
17, freble Temd 130 % | = | 1.0 1.0 11,0} .00 1,01 1.0} 0] 1.0 1.0 .01 101 1.0
18, Non-evsble Lemd| 30 * | > . | 1.0
19, Gresing o = E , I =10 | =10 | 167 | 0.83
| 20, Hay=ivg. Feed | O E.E's| > =745 1-10,8 =72,0 1500 | =2.5 | =1.5 | =40.0 ‘ 10.0 7.5
21, SeptesDec, Feed] 0 * | > 2.5 | -80,0 =8,0 | =50 | 40,0 10,0 | 5.0
22, Jene=ipril Feed| 0 " | > |- 50 | =25 | «40.0 | 10.0 | 10,0
Hote: In seckion 7,10,5, solutions C end D,
the pastuve cutpub %ﬁﬁww of
By m& mwm were reduced tos Ww wrm
2,0 w4,0
i.nw.wm auW?W

=hed =20
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APPEEDIX I¥

ATD FUYTURE SUGAR POLICY
IN NEY ZBALAND

4 brief review of prosent sugsy policy in New Zealsnd and the main points
thet should be considered in formuleting fulure policies sre presented in this

L¥.1 NEY ZEALAND®S PRESENT SUGAR FOLICY

Practicelly all of Hew Zesland's suger i sorbed in the form of raw cane

sugsr, which is refined in Aucldend by the New Zesland Sugsr ﬁﬁﬁ!?&ﬂ},fﬁ)s

Suger imports into Hew Zesland sre subject to import licensing except for
imports of unrefined sugeyr of under 22 Duteh colour stendsrd. Import dubties of
12d per pound on refined suger snd 1d per pound on rew sugar heve been levied
since 1933. Raw suger dmported for refining enters free of duty under bond, an
exelse duty of 1d per pound being levied on the refined product.

The Government determines the methods of purchase and the terms of contracts
under which the New Zeslend Suger Company obteins its supplies of vraw sugsr. Under
the control of Frices fct 1947, the price of sugsr is controlled by the Price
Tribunal,  After the purchase of raw sugsr et & price related to the London deily
rrice sll the intervening stages of the production, distribubtion and ssle of

vefined sugsr ave subject to price comtrol.

{1} The Wew Zeslond Sugsr Company is a wholly owned subsidisry of the
Colonisl Sugsr Befining Compeny of Austrelia,
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The main origins of imports sre Austrslis snd Fiji, which in wmost yesrs
since 1951 have supplied the bulk of Few Zesland's remirements, Imports under
the ervengenents with the merbers of the Commonweslth Sugsar fAgreement have been
made exclusively from fustrelis ond Fijl beecsuse of thelr proximity to Hew Zesland,

Table 4.1 shows the origin of imports of raw suger, in velue terms, since 1953,

TEBLE L%.1
ORIGIN OF IHEORTS OF ERAW SUGAR

{£00

0)
; Domindcan
Yeor | fustralis | Fiji Taiwen ! Cubs | Peru | Indonesis | Republic Total
1955 15723 1517 252 - F = i - - Is149
1954 25417 1,606 - 99 220 - - by 342
1955 2,567 1 o254 - - - - - 4,021
1956 2;300  § 1,273 - - - - - 3573
1957 | 2,880 | 1,239 - - 1 = 1 443 -~ oy,262
1958 24650 910 - - - - - 35564
1959 1,897 86, - - - - - 2,781
§ 1960 2,160 358 - i = - - 24y 2,762
1961 | 1,529 531 - - - - 995 3,055
1962 1,773 1,285 - - - - - i 3,058
1963 | 5,229 | =~ 336 - | 57 - 967 6,969

Source: HNew Zealsnd Officiasl Yesr Books for the yesrs 195361 and the
Department of Industries snd Commerce for the years 196263,

The Commonwealth Suger Agreement (C.5.7%.) was Pirst signed in 1951 for an
eight yesr period. The igreement is designed to develop the production of sugsr
in Commonwealth countries end to assist arderly merketing of suger by providing
long~term price stobility bssed on “foir sversge costs of production”. In each
year since 1952 it Ins been progressively extencded for a further yesr, the current
wealth

expiry dote being 1971. ‘The Agreement yrovides for the merketing in Comro
importing countries of up to 2,175,000 tons of suger per yesre The parties to the
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sevesrent ot present sre the United Kingdom Government and represenistives of the
suger industries end esporbters in Justrslis, the Yest Indies and British Guians,
British Hondures, Meuritius, Piji end East Africa (Tangenyike, Kenya and Ugsnds).
Hew Zeslend hss never been s menber of the $.5.4. bubt in 1951 entered into
sn errengement with the United Kingdom to purchsse at the C.5. 7. negotisted price
all its rew sugar requirements for the yesrs 1951 and 1952 and 75,000 tons
anmslly vntil 1958,  This worked to New Zesland's adventage initislly as the
lended cost of CuS.is suger wes lower than that of rew suger purchssed at the
world free morket price. (See Toble 4'.3) Surplus stocks subsecquently depressed
the free morket price and by mid=1956 the C.o.4. price was £12 per ton higher thsn
the world price. In 1956 agreement was resched with the United Kingdom end
Comsonwealth producers to release New Zealsnd from its obligstion to teke 75,000
tons of sugsr et the negotisted prices The terms of the new srvengement ngg}
(=) New Zeslsnd was released from the cbligetion to purchase ot the
Comnonwesith negotisted price ss from 1 Jamsyry 1957 = two years
esylier then the sctusl expiry date.
(1) Wew Zeslend underioock %o purchase 75,000 tons of Commonweslth
suger snmually for seven years {(1957=-63) but on & new price basis.
{e) The new price boesis wes called the "Commorweslih free market price.

On this basis the price of sugsr to New Zealand is the fo.be

Oueensland~Fiji (or other Commonwealth territory) equivalent of the
currvent velue st the time of purchase of "Commonwealth free market”
suger C.i.f. United XKingdom. The effect of this is that sellsys
receive the same f.0.b. return as on the warld free morket including
the UK, toriff preference of £3.15.= per ton end Hew Zealand peys
the "Commormeslth free msrket price” c.ief,, United Kingdom |

including the prefervence, less the freight }}sﬁﬁﬂ&&%ﬁ&é@ﬁ%&i or

{2}  H.Z. Depsrtment of Industries snd Commerce, Anrmal Report, 1958, p.57.
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london=Fiji plus the freight Cueenslend or Fiji-few Zealsnd, In

simpler lsngusge this mesns thet Hew Zealand peys the Iondon free

mavket price plus £5:15.= per ton less the freipght to London plus

the freight to New Zesland, freight cherged from the point of

moduction, This szrangement has been extended for & further yeor,

to 30 Decerber 1964

Heow Zealond, except during the months of the Suez orisiz snd nost of 1963

benefited {rom purchasing st prices releted to the London free market price. The
net seving hos been estimeted at £% million o the end of 1963, (3) Her Zeoland
purchases the balance of her requirements of spproximately 50,000 tons st world

rices without restriction ss to source of supply.

The Hew Zeeland Government must decide which of three pelicies it will
pursue, Flrstly vhether to continue to purchase sugsr &b or relsted to the world
free parket price, secondly whether to enter intoc long term contracts for the
supply of pert or ell of her rew sugey needs snd, thirdly, whether or not o

enoourage the esteblishment of & domestie beet sugsy indusbry.

LA 2.1 Imports of Rew Ceane Suger

The sverage price of rew suger on the frse market was lower in most
yesrs since 1956 than prices under the Undied States Super fet or the Commonwealth
Suger Agresment. Both the United Stetes snd British susger consumers have been
subsidising producers whe supply them under these sgreements, The agreements do
provide a stable price and merket fﬁi‘* suger shipped under them but they heve

{3} Statement by the Hinishter of Industries and Commerce, Christclurch Press,

29 Jemupry 1964,  The benefits would heve been ineressed by up to
£3.15.m per ton {depending on freight cherges) Lf the 75,000 tons per

B

ear hed been purchased st world prices.




reduced the size of the free market as & proportion of world sugay production
and trade thus cresting conditions for violent price fluctusiions as both

political tensions snd production levels change. (&)

suse of the tendency for price to fall sfier any devistion from an
equilibrium position it seems likely thet the sversge price of sugsr over a nusher
of years will be lower if Hew Zeslend%s requirements ave purchesed st the world
free market price.d)  Thers wouwld inevitsbly be fluctustions in the New Zeslend

retail price of suger snd suger contsining goods unless some form of equalising
acheme was ingtituted, The puwrenteed over-draft schewe at mresent opersating
betwsen the Bank of Wew Zesland and the New Zeslsnd Suger Company is one such
arrangement, To avold overedraft finance it would be necessery to build up a
substential fund, say £5 willion, by keeping the retail price of sugesr st & higher
(6)

level than the world price vhen the world price was lows

4%.2,2 4 Domestic Sugsr Beet Industry

The question of s domestic super beet industry raises meany problems
many of which cannot be solved with the knowledge and dsta at present svailable,
I% is true to ssy, however, thet beet suger production is protected or subsidised

in 81l countries where 1% is grown, (Cane suger production is subsidised in the

(4}  Frempbon, A.P., "The Intermationsl Suger Situstion and Wew Zeslsnd's Suger
Poliey", Publication No. Lk, Agriculbursl Reoncomics Resesrch Unit,
Lincoln Collegey; 75 p.

{5} Snape has analysed the past price behavicur of suger on the world mavket.
He concludes thet a cob-web offset operstes in suger vroduction with 2
tendency for a decline in sverage price as the cyele proceeds, There
sppesrs to be en inherent tendency for any yrice fluctusiion (whether
upwerd or downwerd) on the free market to bring an ineressing sverage
supply snd o declining sversge price, Sees

Snspe, R.H,, “Protection snd Stebilization in the World Suger Indusbry™,
Unpukblished Fh,D. Thesis, University of london, June 1962, pp. B4~126, and

&,‘m‘anE ég%é P Mggg % i?"ig E!ﬁé §§§ 5@"*§§a

(6} A nugber of different ecuslising schemes could be proposed but a discussion
of them is not relevent to this study.



Undted States end cene sugsy prelive thedr oubput

to the United States ovr the United Kingdom reowive, in most years, prices thed

are higher then ths world ?i’*ﬁi@@a«{?}

&n ettenpt iz now mede to relste ths price of £5 par ton for
to the world price of roaw sugesy., A0 the reltedl pplee wuling in Pelousvy-Earch
1963 (£75 per ton) ¥r Canmpbell-daclonsld said that beet sugsr could compete with

rted yoaw sugsy provided the ons penny per pound exvise duby wus waived on

domesticslly profuced best sugsr. This is eguiwvslent to proteotion of £9.5.8

per tom.  Now, a2smuming that beet suger could be retailed st £75 per tom dn i

shuence of the exvise duty, ils competitive price in Pebruary-ifarch 1963 would
have been EB4e6e8 {£75,5=s plus £9,6.8), say, £84 per ton. Thot iz, at £8% per
ton for refined beebt super the fanotory conld pay the producer £5 per bton for
clesn, topped beel,

The cost {including excise duty) of refining end selling sugsy in Hew
Zenlend has been L34 per pound, or spproximetely £40 per ton, for the last
é%m{i%{%} I we take this Tigurc of £40 per ton as en estimste of the cost
of refining and selling beet sugsr in Hew Zesland the Tactory could afford to pay
L4, (28), Yess £40) or less, for rew suger.

How the tommage of beet purchased by the British Sugsr Corporation and
the vesultant production of white suger is given in Table L%, 2 for the yeors
1960=63%, This shors thel an everage of 7.7 tons of beet were required ‘o produce
one ton of white suger or 1.09 tons of »aw suger. If we sssume thet a Wew Zesland
factory would operste with this efficiency then the cont of the raw sugsr in the

beet would be £35.3 per ton. This leaves a margin of 28,7 (844 leas £35.3) for

(7)  Snape, R.H., "Seme Effects of Probection in the World Sugar Tndustry®,
Eoonomics, Februery 1963, p.66.

{8} "The World Suger Econemy, Structure and Folicies®, Vol. I, International
&ﬁ%&}’ %@2&2&1@5 ;{ﬁﬁﬁcﬁ§ é§é§’ Toble Bg s 3§§$
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extracting row suger efter crsdit hes been glven for seles of sugey beot pulip. 2

Einee the extrecticn snd refining of beel suger would be & contimious process,

the refirdunes wmorpin may be over-estimsted and the extraction margin undsre

estimated,

TABLE L%.2

PRODUCTION COF WHITE SUGAR FROM BRET

Yonr ended Beets Dought of ¥hite Suger
31 March {tons} {tons)

1960 55,509,769 : 7135292
1961 | 7,215,261 887,525
1962 559365479 760,588
1963 55313,003 686,512

Tobeis 25,97hs512 (a) 55107717 (b}

Hotess The aversge tunnsge of beet veguived Lo produce
one ton of refined sugar during 1960=63 = ¥ = 7.7 tons.
Using o conversion rate of 92 parts refined 100 pexts
vaw 7a7 tons of beet profuce 1.09 tons of rew sogevrs

&% £5 per ton for Hew Zesland beet the cost of the rew
sugaxr in the beeb is £35.37 per tone

it

Source: heport ol the Directors and Statement of feecunts for
the yesr ended 31 March 1963, British Suger Corporation
ids , Londong pe18e

Hewevery when the figure of £4L per tom for rew suger {from heet) is

sasumed it can be seen from Toble 47,7 thet the werld price of res sugar hee besn

(2) Comparsble sugar exbtraction mrgins of £7.3 and £6.5 per ton for the years
1961=62 snd 196263 cen be deduced from the accounts of the British Sugsr
Corporation. The refining wergin spproximstes 1d per pound compared with
a Mew Zeslond mergln of 2,28 per poumd. Since these Dritish costs sre
averages from 1, footoriss and L refineries of verdcus cspecities they may
be mislesding when applied to o single faotory in South Gbago.

Seer “Beport of the Directors snd Stetement of Accounts for the yesy
ended 31 Merch 19637, British Suger Covporstion, London, ppe 7Tebe
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sbove this in only 1951, 1952, 1957 end 1963, since 1950. Thus a domestic beet

suger industry would have needed protection in some form during this period to

have mainbtained a peyout of £5 per ton fto farmerss In the yesrs 1953, 1954, 1955,

1958, 1959, 1960, 1961 snd 1962, protection sdditionsl to the remission of the

excise duty would heve been required,

TABLE 47,3

THE ©C.5.4, NEGOTIATED IRICE AND THE WORID
FRICE OF RAYW SUGAR  1950-1964

fversge World ?X’i@ﬁ(&) CeSBala Zéf-‘rice(b)
Year (&/ton)} (&/ton)
1950 oo 16. 8 30. 10. ©
1951 h9. 11. 8 32 17. 6
1952 5. 13 & 38. 10. ©
1953 30, 18 L 52, 6. 8
1954 29, 15. © ble G. ©
1955 3. 10, © L0 15 O
1956 35s Ga O 40s 15, ©
1957 46, 17. 6 b2e 3e b
1958 3. 7. 6 43, 16, 8
1959 Z2ls 5 O kb, 2. ©
1960 28, 6. O hhe 8o 10
1961 25e 13 © e 2. ©
1962 25. 19 © 45e 15. 3
1963 7te the O 46e Qe 10
1964 e - Lbs 0. 10

(o) eoicfe UsKe, ex~duty.

{(b) =ellers ave lisble for agreed rates of freight snd
insurence ond buyexrs for any additionsl cherges.

Souroe:
CTRRRETRE Y

F}f‘é@ﬁ@%&ﬁ, ;?iﬂz:«a; Ol ﬁi‘tt’ ?&bie 1?5 F§ 73‘
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It should elso be noted that if the excise duty of 14 per pound was not
renitted, then the beet suger industry could afford to pay only £35 per ton, or
less, for rew suger if it wes to compete with cene sugar retailing at £75 per ton.
_ Under these conditions the retwm to the farmer could not exceed £3.7 per ton of
topped beet. To compete with the lowest anmuel average world price for rew cane
suger shown in Teble 4'.3 the price to the farmer would fall to £2.4 per ton.

The sbove discussion would, of course, be greatly strengthened if the costs
of beet sugar extrsction and refining could have been presented with confidence.
The author has, in the course of a comprehensive review of the literature on sugsr
beet production, not discovered setisfectory figures which could be used %o
replace the estimstes inferred from Mr Campbell-lMacDonald®s assessment of the

prospects for sugar beet in South COtago.

4%, 3 SUMMARY

It hes been shown, using tentative estimates, that a suger beet industry
would have needed protection in most years since 1950 to emable a payout of
£5 per ton of beet to be maintained to farmers, This indicates that careful
and thorough reseerch should be conducted into the industry costs and benefits

before the construction of a factory is md.(w)

(10) The author has attempted a tentative evalustion of the worthwhileness of
the suger beet industry, which suggests thet a substantisl premium may
need to be placed on foreign exchange earnings if the establishment of
the industry is to be justified.

See: Frampton, A.R., ops cit., ppe. 32-39.

MAssE
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