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CHAPTER 1.

For & thorough understanding of the sgriculturl industry snd
its related problems more must be known about the complex integrated
system of product end resource markets. Until fairly recently research
was directed towards an snalysis of the product market neglecting the
equally important fector mérket. The sgricultursl economic systea can
fully ba described by the supply and demand functions for fmctors end
products. These relationships are interdspendent and can be described
by a set of simltsnecus equations. The neglect of sny one of thase
relationships mey result in the implsmentation of policy messures that
misleads the objectives of policy.

An integrated model of product and resource mrikets is also
necassary becfuse product mErkets determine gross inocome, resourcs maT-
kets deterwine expenses and the two markets determine the net income
from farming. A number of prectical exsmples may be advanced illus-
trating the interdspendence between these markets. When product prices
are fixed at & level higher than free merket equilibrium, this fixing
may have an importent bearing on factors such as the number of farm
workers employed and the quantity of fertilizer used. On ths rescurce
side, a subsidy on fertilizer increases the optimum level of fertiliszer
use, shifts the product supply to the right, and results in increased
production end lower product prices under competitive conditiona.

In the interest of social wlfsre snd economic efficisncy,
government policiee to control output, to incresase farm income or to
fix product prices cennot ignore the resource structure,

Ae far as ie known, Griliches (1958) estimsted the firet
resource demend model for fertiliser in the United States ss a funotion



2e

solely of the price of fertilizer (49). In sll the subsequent rescurce
demend studies reported by Griliches, the oodels were of a simple nature
with the main interest cemtred on the prices of the inputs (50) (51) (53).
During the early nineteen-sixtiss a number of othar ressarchers entared
the fisld snd they tried modela with more variables, attention being
given to variables other than the prices of the inputs concerned. The
following workers, apart from Griliches, mey be comsidered to have made
important contributions: Tweeten (132), Schuh (118), Minden (101),
Cromerty (21), Heady and Tweeten (76), and Wallsce and Hoover (145).

The general objective of this study is to dsscribe and snalyse
the resource struoture of the agricultursl industry in South Africa.
The resource structure is defined by Tweeten (132) as "the systematic
frapework of institutional, behaviam] &nd technological relationahips
which determine output, efficiency end returns (income) in agrioulture".
The attempt is bere made to derive guantitative estimetes of the parem-
metars as they apply in South Africa, ueing cross-sectional and time
series date.

The first objective is to construct & cross-sectional produce
tion function for the sgricultursl industry., For this purpose data
are obtained frow the comprehensive 1959/60 agricultursl oensus, using
magisterial districts ss observetiomsl units. The Bumesu of Census
undertakes s comprehensive survey every five years end intervening
yoars since 1960 sre not availsble. Froduction functions sre com=
struoted for each of the Agro-economic Begions as defined by the Agro-
Eoonomic Survey in order to compere the merginal products of resocurces.
4 waoro production function with nine inputs is also fitted on time
series data (1949/50 = 1965/66) weking use of sutoregressive least
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squares, Various economic relstionships pertaining to the problem of
resource sdjustmsent such &s factor demand elssticitisa, sre derived
from this technical relationship.

A second objective is to estimate time series demsnd functions
for the major fsrm resources. These models measure the effect of
variables such as the price of a fuctor, the incomes of farwers, prices
of other fectors emd the ssset positions of farwers om the amount pur-
chased of that fector, It is, Br example, of interest to lmow the
effect of a good crop or a drought on the purchsses of farm resources.
Also, what will be the effect of a five per ocemnt out in fertiliser
price, or & fertiliser subsidy, or a five per cemt increase in product
price on the total amount of fertilizer bought by ths agricultural
industry? Ddatributed lag models are incorporeted in the demend
relationships, where possible, to sessure the lag in response to price
and incowe chenges., Froom the factor demend elasticities & product
supply function is derived.

The study is of & positivistic meture., The assumption of
positivistic models is that there exists a significent messure of
repetitivensss in mass behaviour. If the underlying conditioms in
a aituation are repesated, then the dependent varisbles can be pre-
dicted with a reasonable degres of scourscy. The assumption of
profit maximstion was, however, made in certain cases when secondary
results were derived from besic results, vis. in determiming the
optimum allocation of resources or in deriving the product supply
function from factor demend elmsticities.

In the selection of the wmodels reported, high priority is
given to the predictive nature of meaningful economic relations and
on the abdlity to explain the past. Sowe variables may be
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clasaifisd as potentisl policy instrusents and the structural modsl
provides the besis for evelusting the effectiveness of verious policy
instrusents like product or input prices for stteining policy targeta
such an lower production., Policy mspeots will be further investigated.

Governments implement agricultural policy, either to provide
geins to producers, or to benefit comsumers. According to Heasdy (70,
ppe 14-15) these policies fsll under two categories: (s) developmental
policy and (b) compensation policy. The purpose of developmental
policies is to increase product supply. ‘The shift of the supply
function reduces the real price of food %o comsumeres. In South Africe
policies vhich are concarmed with the subsidisation of resocurces and
with research ere the most importent in this respect. The total sub-
sidies end rebates on resources have increased from Hl.bm in 1948-50
up to M7.8m for 1968 (24). This is particularly importent in the
canse of fertilizer, where the subeidy incressed to Fl4m in 1968, With
a total expenditure on fertilizer of about K55m (24), this subsidy
must bave en important sllocative effect. Through the various loan
schasss availabls to farmers, the cost of credit is alsc reduced,
shifting the supply curve of capital end farm ocutput to the right. A
conaiderable smount of momey is spent snmuslly on research. The
developoent of higher yielding varietiss, for sxasple hybrid oaise,
and the combating of insects end pests; are the fruits of research
both looally end abrosd. A positive shift in the production functiom
through resserch also shiftes the commodity supply curve to the right,
reducing oconsumer prices under conditions of no product price inter-
ference from the Stste.

Another developmental policy that deserves mentiom ie the
sssistance rendered by the State, undar the Soil Comservation Act.
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In 1969 the legislative power of this Act was extended for all practical
purposes o all agricultural lsnd (114).

For the firm, the immediste end of these developmental policles
is to incresse farm income through increased productiom or lower factor
coet. For the industry with a product demend elasticity of less than
cne, the result will be & reduction of total income and consequantly
glso net income.

While the effect of ths developmental policy is to move tha
product supply curve to the right, the compensstion policy attempta to
inorease commodity prices end farm income, by restraining supply, or
increasing the demand for products. These policies may run comtrary
to one another. In the following industries the production is con-
trolled completely or paertislly; suger, watile, wine and milk, While
the subsidies on resources have the effect of moving the product supply
to the right the production restrictioms have the effect of shifting
the supply to the laft.

More than TOp of the total agricultural production is marketed
through the various Control Boards which have been granted extensive
powers through the Marketing Act (113, p. 3}, asfor exsmple the power
to fix maximum and minimam product prices.

The "surplus" probleme in sowe of the industries in South
Africa, for example maize, kaffircorn end deiry are a result of the
pubsidization of resources by the State, the fixing of product pricee
a8t arbitrarily high levels, end by-products of technologicsl develop-
ment, The inelastloc product demend sggravates this problem which mey
be viewed as one of the wore important agricultural problems of the

naxt few decades.

Hesearch may bring forth increased production without
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significantly increasing total ccet. Gains from ressarch are over an
indefinite period of time, snd even if it is done at & cost, it i
difficult to support a case for discontimuing it.

The effects of price interference in product and rescurce
markets are, however, viewsd in a different light. Here the "surplus"
problem may be seen as 8 direct result of the State intervention in the
product and rescurce marketa.

The structural parameters presented in this study should camt
some light on the possible effects of different policiesa. The [ixing
of product prices snd the subsidizing of rescurces must have a stimu-
lating effect on agriculturel output through sdjustments in the
resource markets.

The present restrictions imposed by the State on the free
mobility of hired Bentu labour csm 8lso be expected to reduce labour
cost to the farwer when the supply of labour is kept on the farms et
levels higher to whit it would have been had free mobility existed.
This policy in the mein is implesented as & part of the political

policy of the Gtate where the prime motivetion is not econcmic.
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The Republic of South Africs, lying between 22° and 35° South
latitude, covers an erea of 1,222,000 mquare lm,, the total ares being
1% of the area of the United States and five times the area of the
United Kingdom (36).

The aversge grosa value of sgriculturel output in South Africa
for the period 1963 - 1957 smcunted to Hl,043= (31, p. 84)., Tor the
same pariod, sgricultursl exports as a percentage of total exports wade
up 45% of total exports, excluding gold and this percentsge has re-
mained relatively constent for the last two decades (11). The share
of agriculture, forestry and fishing declined to 10.5% of the gross
domestio product in 1963 - 1966 (31, p. 82), while the percentage of
total population living in rural sreas declimed from TE.4% in 1904 to
553 in 1960 (11). In 1960 16.4% of Whites, 31.7# of Coloureds,
16.8% of Asistics and 68.2% of Bantu lived in rursl areas, with Bantu
reserves included as Bentu rurel areas (11). During 1962 47% of the
agricultursl output was delivered to secondary industries (33), end it
is evident that the South Africen agriculture plays an isportent réle
in the eoconomy.

2.1.  Pusicel snd peture] resources
Two-thirds of South Africe is dry end suited only for exten-

sive systems lilke cettle renching end sheep farming. Froduotiom in
ihe rest of the oountry, which is intensively farwed, tends to be
hampared by poor soils and irregular rainfall (122, p. 2).

About 80% of the Republic's sres is & sumver reinfall region

with dry winters, It is generally sccepted that 64 om, of reinfell
* 1 square k= = ,3661 square mile. ** 1 o = ,%937 inches,




is the abeclute minimum necessary to ensure the sucoessful cultivation

of eropa in the sumer reinfall ares.. Only one-third of this area has

a precipitation of more than 64 ow., with the result that production

is limited to s small section (40, p. 62). The rainfall is not only
erratic fromw year to year, but shows great varistioms within s produce
tion season, This explains to @ large extent the unstable production
pattern which is s characteristic of South Africen agriculture (40, p.62).

Approximetely 130,000 square km. in the Western Caps is a winter-
rainfall zone and 40,000 square km. in the south hes main 81l the year
round (81, p. 29). The climste varies from "Mediterrensan” in the
south-west to near tropical in the north-ssst, emabling the productiom
of a wide renge of crope (8l). The land rises fairly steeply in the
sast from ses-level to a high interior platesu of about 1,800 metres.
The possibilities of intensive farwing sre limited becausea the greater
part of the couniry is sountainous end therefore not arable, and the
lack of matural water resources limits expension in the aress where
arables soil with & high potential is atill found. According to
Table 2.1 the areble land ares is approximately 10% of totel ares end
it is estioated that only a further 5% of the land surface is really
suitable for arable farming (81, p. 30) (95, pe 3)« About 50% of
the sgriculturel output is produced at present on the 10% of areble
land.

The percentage of ersble land in South Africs is relstively
small in cowparison with other countries, but the proportiom aveilsblo
for permenent needow and pesture in South Africa is pore than that of
other countrise.

The sarea under irrigetion in South Africs should increase

mihnhl:muulpllﬂmntﬂuﬂnu:mlimsnh-. It is
.1-h‘-}immtl




aatimated that about 42% of the country's potential irrigable land

is gt present under irrigatiom (121, p. 13).

Siertsema (121) sttributes the relatively low percentags

of srable lend whioh will eventually be used for irrigation farm-

ing, to the following fmctormi-

"(a)

(v)

(e)

In the areus where land is still evailebls,
natural water supplies for irrigstion sre

limited,

In sreas wvhere reasonable quantities of water
are still available land suitable for irrigs-
tion farming im limited. This water can
only be used for sgricultursl purposes by
piping it over long distences &t high cost.

The competition for weter from the indus-
trial msector may be expected toc be more

povare in future®,

TABIE 2.1./.0.

9
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TABLE 2,]. APPORTIONMENT OF TOTAL AREA  FOR SOUTH AFRICA (VEITE AERAS),
UNITED SPATES, UNITED KINGIONM, AUSTRALIA AND PRANCE.

South United United Aus-
Africa | States Kingdom tralis France
Iand utilisetion (1960) | (1964) (1966) (1965) (1965)
Thousand hactares
Total ares 108,355 9!‘5:!22 24,403 IEE.EED 54,703
Agricultursl srea and
forested land 90,291 | 735,825 | 21,416 | 521,549 |46,367
Amable land and land under
perminent crope 10,024 | 179,639 | 7,480 | 37,150 |20,542
Permanent meadow and
panture TE.LEE EE}.EEZ 12,107 -IH-E.EBT 13[459
Forested ares 1,081 | 295,624 | 1,829 | 35,711 (12,363
Irrigated arable lacd and
lend under permsnent crope 607 | 14,925 1,274
Per oent

Arable land and land under
permenent crope ss per- 9.25 | 19.21 | 30.65 4.83 |57.55
centage of total area
Parmanent meedow and pesture
an percentage of total area 75.08 | 27.81 | 49.61 58.37 |24.50

Sourges:

(1) Bumesu of Statistics.

pastoral production for 1959/60.

Raport).

Heport on agrioultural and

(Agrioultural Census

(2) Production Yearbook, 1967 (Vol. 21) Food and Agrioulture

Urgenisation of the United Netions, Rowe. pp. 5-10.

the Metric System.

not in sorgen as in the pant.

1 hectare =

1.167499 morgen.

l morgen =

In 1971 South Africe will convert all weighta and measures to
Aress will be expressed in hectares and

Elﬂ'ﬁi} BorOE s
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Tields per unit on South African srable land are low compared

with the important sgriculturel countries of the world as illustrated

for maize and wheat in Table 2.2.

IABIE 2,2,  YIELD PER HECTARE FOR MATZE, WHEAT AND SUGAR CANE

1948-52 | 1952-36 | 1962-66
Majse: Yield in 200 1b bage per hectars
South Africs (Buropeen farms) 540 10.9 13.5
United States 27+4 29.2 4743
Latin America 11.9 11.8 13.7
Burope 13.7 17.0 27.2
World total 175 18.7 24.4
Whes t Yield in 200 1b bege per hectare
South Africs (Buropeen farms) 6.7 7.6 Te2
United States 12.4 13.8 19.1
Europe 1642 17.9 237
World total 10.9 11.9 13.3
Sugar cans: Matric toms per hectare
South Africa (Buropeen farms) 59.7 G6ed 7843
Cubs 42.5 46.7 48.5
World total 41.9 58,2 31.1
Scurce: (1) Produstion Yearbook, 1967 (Vol. 21) Food and Agri-

culture Orgenisation of the United Netions, Homs,

(2) Bupplementary data to the sbetrect of agricultursl

atatistios of the Hepublic of South Africa. Division

of Agrioultursl Merketing HResearch.

(1 mtric ton =
2,204 1ba)
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The per unit yleld for meise in the United States during the

period 1962-1566 was about four times as high ss the South Africen

figure, This commodity is next to wool, the most important export
product of South Africa.

The bepeficisl effects of technological sdvantages are also

phown in Table 2.2.

The per unit yield of msize and wheat for all

countries increased substantially during the period considered.

South Africa has a comparative advantage with respect to sugar

clng.

The production of this crop is however omly confined to the

coartal region of Hatal, and to the Lowweld of the Tramsveal.

Moize, wheat and suger cane are the three most importamt field

erops in terms of groas walue.

The output per labour unit in wheat and meize production ia

axpscted to be much higher in the United States thon in South Africa

largely becsuse egricultumml industries are more mechanised in the Btat--

Much of the natural vegetation in South Africa affords poor

grazing largely due

Pe 2:'1'

to the highly seasonal and erratic reinfall (122,

TABLE 2,3, CATTLE PRODUCTS, 1965/66.
Production
of beef
Cattle end veal Butter Cheese
numbers (1000 metric | (1000 metric | (1000 metric
Country (1000's) tona ) tons) tons)
Bouth Africa
(Buropean and 12,500 400 41 14
native)
New Zealsnd 7,218 292 258 107
Australia 17,936 882 209 &0
Source: Froduction Yearbook, 1967. (Vol. 21). Food end Agriculture

Organisation of the United Notiona, Home.
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TABLE 2.4. SHEEP PRODUCTS, 1965/66.

Fo.of II_P Production
No. of | and lagbe of wool

sheep | slsughtered | (1000 metric

Country (1000%s) | (1000's) tons)
South Afri n

and mﬂm;ﬂ T 42,102 a.}m' 136
Hew Zealand 5T343 17,894 jez
Australia 157,563 244933 798

* Pigure refers to 1967. ** 1 sheep = 2 lambe
Sgurge: Production Yearbook, 1967. (Vel. 21). Food and Agriculture
Organisation of the United Hations, Rome.

Tables 2,5 and 2.4 compare the productivity of South African
sheep and cattle with those of New Zealsnd end Australia,

New fealsnd with s third more sheep than South Africa produces
more then double the smount of mutton end wool. Australis with 500
more oattle than South Afriocs produces more than double the amount of
beefl and veal, tutter end cheese.

Despite the natural dissdvantages of the sgricultursl industry
of South Africa ome of the =6 jor probtlems that the industry fmces is
that of chronic surpluses.

It was deemed necessary to present & closer look @t the impor-
tance of forage crops dus to the close integration of the snimsl faotor
in the farming system in South Africa. In the following table it i»
seen that forage crops are almost of equal importance in Natal, the
Trensvaal and the Orange Pres State.
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TABIE 2.,5. LUCERNE, LEY AND FULDER CROPS AND ENSTLAGE 1961/62, (BANTU
HESERVES INCLUSIVE)
ml 1.3 Tﬂ“l l:’lh lﬂﬂ.lr
ared artificial
Mixed {(lucerne, |pasture as
Bure gTass Annual | perennisl |percentage
grass |& loguoe| fodder | & emnnusl| of all
Provinoe | lucerne | paetures | pas tures| crops crope land Ensilage
Matric
Bectares y ] tons
Cape 203,469 24,705 | 24,715 | 35,417 | 288,306 « 50 469,410
Natal 5,041 16,225 | 13,338 | 12,199 | 44,803 «95 WGy 284
Trans- | 16,337| 66,099 | 11,450 | 74,522 | 168,408 1.06 460,134
vagl
Free 29,815 49,942 | 5,791 | 64,400 | 149,948 1428 350,842
State
Bouth |252,662|156,971 | 55,294 [1B6,537 | 651,465 o713 [Lp595,670
Africa
Source: Buresu of Statistics. Heport om egricultural snd pastoral

production for 196162,

(Agriculturel Census Report).

Aooording to the 1959/60 egricultural cemsus, & msjor portiom of

eultivated land wes devoted to peremnial pastures (other then lucerne)

only in the E2 and E4 sgro-economic na:innl,- Diversified Farming Regioms
EBst of the Dmimnaberg mountains.

Dairying and the sale of cattle

supplemented by aheep are the main scurces of income {rom these areas,

Only about .2 of the total 1and eres in the country is taken up by

perennial

ley arops.

L

= - —

The agro=econowmic clessificetion is discussed in Section 2.5.
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Prom Table 2.5. it =ay be concluded that liveatock in this
country is still raised on &n extensive besis. The shortage of
satisfactory fodder crops according to the amnual report of Agri=-
cultural Technical Services (1965/66) can be sscribed to the follow=

ing reasons (28):

"(1) The grestest need thus far bas been to find erope
for conditions which sre unsuitable for mcet other
CIOPBs sssss

(2) In sost regions existing fodder crops camnot compate
financially with oash crops.

(3) Pertilizing of fodder crops, especially of grasses,
is 8till expenaive."

The winter cereals, barley, cats and rye, are axtenaively used
88 livestogk feeds. In the winter rainfsll area these cersals are
grown as grain cropa, in the sumwer rainfall region they are culti=-
vated for green winter feed. Oenerally only ebout one=third of

these cereals is merketed, the rest being retained on farms (B2, p.82).

2.2,  The output mwix

In the period 1963-1967 livestock contributed sbout 44% of
the gross value of egriculturs]l productiom. ILivestock haa alwayse
been an important earner of income for the agriocultural sector
sccording to Teble 2.6, During the lsst decade it appears, accord-
ing to Table 2.6., that field crops bave geined in importance over
livestock products.

The sost important agricultursl products are shown in
Tabla 2.7.
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TABIE 2,6, GROSS VALUE OF AGHICULTURAL PRODUCTION FOR SOUTH AFRICA,
AVERAGES IN m‘m éﬁsﬂ 10 1963=67 (BANTU
Hortioulturel Liveatock
Period | Field Crops | __products _ | products Zotal
s | m[ s [ m(s% [ ml 8

1923=27 40 | 36 12 | n 58 | 53 110
1928-32 36 | 34 1| 14 53 | 52 103
1933-31 39 |3 1T | 25 50 | 48 106
1938=-42 % | N 23 | 16 |47 149
1943-47 91 | 36 4 | 17 122 | 47 258
1948-52 164 | 35 66 | 14 239 | R 469
195357 269 | 38 95 15 49 | 49 T3
1958-62 37 | 40 ny | 15 359 | 45 193
1963-67 | 420 | 40 168 | 16 457 | 44 | 1045

Source: (1) Union Statistics for 50 years.

Jubiles issue 19510-1550.

Bureau of Census and Statistica.
(2) Supplesentary data to the abetract of Agricultursl Statis-

tice of the Republic of South Africe.

cultural Marketing Research, 1569.

TABLE 2,7. IMPORTANT AGRICULTURAL PRODUCTS IN SOUTH AFHICA DURING THE
FIVE-YEAR PERIOD 1963 TO 1967. (BANTU HESERVES INCLUDED).

Division of Agri=-

Gross output

Averags wvalus as % of total

of sgricul tural

Product gross output production
Ao 2
Maize 205 19.6
Cattle slaughterad 114 10.9
Fresh milk and dairy products 109 10.5
Fruit including vine products 107 1045
Wool 100 Geb

Sgurce: Supplementary data, Divielon of Agricultural Marketing

Hessarch, 1969,
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About 40% of the total ares tilled is sown to maize according
to the sgriculturel census of 1963. This is the woet lmportamt crop
in terma of groes value end it constitutes the staple diet of & large
proportion of the populstion. Climatic conditions have led to great
variations in the production of this crop from year to yeer, The maize
production on European farms incressed from 26 m. bags for the peried
from 1948 to 1952 to 63 m. bags for the period from 1963 to 1967.

Unlike maize, the greater part of which is locally comsumed,
wopol has slways boen &n export commodity. With en aversge value of
exports of Hl1l4 I-- during 1963 - 1967, wool is by far the most impor-
tant agriculturel export product, Some 60% of the woolled sheep ownad
by Buropeens sre Merinos, but slaughter sheep are also an important
source of income to the sheep farmer.

Cattle fareing, like sheep farming, has two important branches;
dairy fareing and beef productiom. Both of these are primarily for the
local market.

Maize, sheep and beef ferming are the three most important
branches of farming. South Africen agriculture is diversified and &
great variety of othsr products are growm, In the liveatock class,
the groes value of poultry products incressed from HJ6 m. in 196263
to R4 me in 1967-68, to become one of the important liwesiock products.
Horticultural products inolude deciducus fruit, citrus fruit, viti-
culture end vegetables, snd fruit, including vine producta, contri-
butes 106 of the gross output of sgricultursl production. Amongst
the deciduous fruit trees of besring age, peaches (42%), apricots (25%)
and apples (17T%) are numerically dominant, but, in terms of exporta,

* This includes ell wool sxported from South Africem porta. A part of
the wool olip is also exported in a processed form. This explains
why the gross productiom figure is lems than the export figure.
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apples and pesrs are the most importsnt. More then 80% of the citrus
trees are orenges (B2, pp. 91-95). The other importsnt field crope are
wheat end suger oene. In 1935 Leppen (95, p. 9) stated that for those
enterprises in which South Africa enjoys a comparative advantage are
also those whose surplus output is most likely to be in demend abroad,
napaly, enimsl and horticultursl products.

The following products are clessified by ven der Merwe (141,
ps B) 88 reguler snd predominantly export producte: fruit, wool and
mohair, karalul pelts, hides end skind and wettle extract. Hs also
classified the following products as regular to fairly regular export
producta: sugar, cilseeds end oil, méize, grein, sorghum, end sultanas
and reisins.

Exports of sgriculture end mining pay in full for all imports
of equipment and materisls uwsed by the various sectors. With a pro-
portionate decliné in the mining sector it can be expected that the
country will be mede more dependent on materisls locally produced,
meking the agriculturel sector more important (7, pe 26).

2.3.  Agro-scomomic clsssification of lapd

Agricultura]l economic research, undertaken by qualified econc-
mists, begsn in South Africs in 1925 with the inception of the Divisiom
of Boonomics and Markets of the Departement of Agriculture (5, pps 17=23).
These studies are of & micro-economic neture end throw light on the
farming etructure in the various areas. The need for the identifi-
cation of homogemeous sgricultursl areas arcee &s & result of these
first surveys.

The sgro-sconomic difference in South Africa can best be

described by the egro-ecomomic map as portreyed in Pig., 2.1. This map
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is bgsed on agro-economic surveys undertaken by the Diviasion of Econc=
mics and Markets, The purpose of these surveys was to divide the
country into its more important agricultural regions. "Buch a region
should be ressondbly homogensous (of the same character) with regerd
to its moat important physical, climatic and economic factors which
are the degieive fectors in giving a region its own character regarding
the farming systems in practice.” (22, p. 9)« The boundary between
agro=ecgononic regions is esteblished where the influsnce of oné or
more comtrolling fectora increages or deoreases sharply and from this
a8 change in the nature of the region end farming system resultas. With
a gredual increasse or decrease of controlling faotors, for sxample,
rainfall, the boundary cen only be established with a certain emount
of variation.

South Africa is divided into eleven main regions which are
further sub-divided into B7 sub-regions.

Because of the importance of this classification on inter-

regicnal resource allocation, the main regions will be briefly discussed.

Irrigation regions (A). Irrigation, in whatever form, plays & decisive
réle heres The A region is divided into 16 sub-areas, In 9 out of

the 16 sub-areas Government Irrigetion Schemes predowinste (138, p. 30).
Faroing in these areas falls either completely or partislly undar the
control of the Department of lands, tut in the remsining seven areas

it 18 chiefly in the hands of individual farwers. An economic unit

in this sres has been estimeted at 26 hectares of irrigsble land (1386,
P« 30)s The soils of this ares vary to such en extent that no

general description is possible (22, p. 10).
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Thia area is

often called the Highveld Ares and is also known as the Maize Triangle.
The area is situated on & plateau of 1,500 metres above sea=level in the
east which dropa in the west to mearly 500 metres. It falls in the
pummer reinfall area end the precipitation declines from approximetely
66 om, in the esst to 50 om. in the west (138, p. 31). Very little
opportunity for irrigetion exists in this ares. The soil variea from
sand to sandy loém and in heavier aress sandy clay loam predomingtes
(22, ps 11)+ The average fars size is estimeted to renge from 340 to
430 hectares (138, p. 31).

Ixepsitiops]l farsing sress (C). These aress full between areas where

fisld-busbendry is the main source of income and aress where stock-
farming predominates. With a reinfall between 48 and 56 om., crop
production is uncertain. Since these regions are soattered, conditions

vary conaiderably.

mounteinous ares with little srable land, (In genersl only fodder
orope are cultivated)., Since this is a gressveld aree cattle is ime

portant in the wmixed farwing systems,

Diversified farwing resions esst of the Drekensberg (E). This ares
consists of mountainous or brokem veld, apd rivers origimating in the

sountains have carved out deep valleys. The rainfell veries between
64 and B9 cm. The greater pert is sourveld with a high carrying
capscity in summer, but poor grezing in winter, Cattle are the main

source of income, supplemented by sheep. Orop farming is underteken
only in sowe parta.

selll OF iy

"
KUE":'.T
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Thornveld regjons (F). This is & tall-grasa ares with sweetgress pre-

dominating and thus suited for cattle farming., With a reinfall of fros

%0 to 60 om. orop farming is possible to some extent. Sixty-three per

cent of the total srea comsista of Bantu territory.

Cosptal regions (H). This ares lies along the coast from Mocambique
up to the border of South-West Africa. The sub-aress Hl, HZ and HJ
fall in the susser-rainfall area and have & relatively high reinfall.
H5 and H7 fall in the winter mainfell erea and the ressining arcas lie
in the trensition area of suswer snd winter-rainfsll. The H) sub-area
has a precipitation of lees than 135 cm. and has virtuslly no egrioul-
tural significance. On the besis of the 1959/60 agricultural census,

50% of the farming sree in the HZ region is cultivated with sugar came.

Cropping sress of the wister-reinfall region (k). GSince these areas
fall in the winter-reinfall aree, winter cereals (wheat, barley, oats
end rye) pley en important rble in the fercing syetems. The Swartland
(K1) snd Bfens (K3) have diversified farming systems with the animal
factor closely integrated with the growing of small graina. The re-
mining arcas are more suited to livestock than to crop farming, The
dominant soil type in the K region is the shallow, gritty, sandy loauw
to sandy clay loam which resta on clay.

t re M), These are bushveld areas and gresing con=
siste mainly of sweetveld snd edible shrubs and trees., Dus %o lov and
uncertain reainfell the veld has & low carrying cepacity. The carryinsg

capacity varies between 17 hectares (M4) snd T hectares (M6) per animal
unit with 9 hectares s the everage.
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Sheep graging regions (8), The S region is by far the largesat region

and covers approximetely 40% of the total srea of the Bepublic, the main
portion receiving an annual reinfall of less than 25 cms The 52 and 515
sub=areas with s rainfall of wore than 40 om. do not reslly fit in with
the rest of the region. Considerable differences in the carrying
capacity of the veld exists as the rainfall varies greatly between sube
areas, A5 the result of this the head of sheep per 100 morgen

(86 hectares) has been caloulated for the 512, 53 and 8515 regions as

18, 48 and 96 respectively.

Western Province fruit production remion (V). This is & mountainous
region. ‘The rainfall in the mountains is high and orchards have bean
established in every wvalley end kloof. The kind of fruit varies
between sub-areas. Certain areés are wore suited to grapes, others
to apples, pears end peaches. Farm income is supplemented by wheat,
vegetables, cattle and Merino sheep., Turkish tobscco is also growns

The resource use betwesn sgro-economic aereas differs consider-
ably and it wes felt appropriate to point out these differences. In
Table 2.6 the resource use par farm is shown for the various regiona.
This information is derived from dets presented on 8 magisterial
distriot basis in the 1959/60 agricultural census (see Appendix B,).
Magieteriel districts were aggregated into sgro-sconomic regioms using
the map presented in Fig. 2.l. The data presented can be comsidered
to be more relisble for the main regions because of the difficulty in
claseifying the small regions into megisterisl districts.

lata on salaries and weges and deprecilation of capital items
are given in the 1959/60 census in the form required for the various

agro-economic sub-regions. These data were consequently used and
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CABIE 2.8. EESOUSCE USE PER PARM FOR EACH OF THE AGRO-BCONOMIC EEGIONS,
(EXCLUDING RESERVES)

Groas incoms
from Land
livestock as Capital Salaries value | Gross
percentage | Current |deprecistion| and wages |(%% of | value
of total |expend- | plos G |(Whites end| total jof pro=
Begions| gross incose | iture | interest [non-Wiites)|value) [duction
b | R
& 4T3 1,744 360 1,096 1,236 | 5,662
B 40.6 5,2%0 639 1,091 |1,537 | 9,106
c 594 2,260 509 835 |1,420 | 6,478
] Ti.4 2,852 422 782 1,524 | 6,840
E Bl.4 2,135 454 1,404 1,967 | 74317
¥ 68.2 1,972 45 1,477 1,800 TnTlﬂ
H 50.1 1,799 407 2,042 |1,344 | 6,549
K 39.6 1,B65 896 1,242 |1,871 10,642
M 50.8 1,837 154 Ti3  |1,643 | 5,706
8 B8.8 2,604 451 866 |2,304 | 6,953

¢ Informetion on the V-reglon is not presented becsuse only & few

magisterial distriots sre covered by this region.

prasented in Tables 2.08.

It is also importent to note that data for the Transkeisn terri=

tories and Zululend were not included largely because of the relatively

high ratio of Bentu to White holders for these ervas, and the gensral

unreliability of the dats from the Bantu areas.

to gross ingowe in mll the sress.

Acoording to Teble 2.8 livestock made &n importent contribution

What is striking from this table is

the similarity in resocurce use per fars for the various regioms. In
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the majority of the regions the groes income per fare varied between
R6,000 end EB,000. A clearer picture of regional differences can be
obtained when resources per unit of lend sre couwpared, ea shown in

Teble 2.9. The H-region with the most intensive fsctor use per
hectare also showed the greatest gross value per hectare. The §
region with the lowest factor coet per unit of land, also had the lowest
grosa inpome per hectare. A8 can be expected the extensive regions

(Ay B, H and K) showed the highest cost per unit., When the A,B, H

and K regions ere compared then it is interesting to note that labour

TABLE 2.9, HESOURCE USE PER HECTARE FOR EACH OF THE AGRO-ECONOMIC

Land

Current d-:;figztinn E::.::::i {;;l:;
expend- plus &b (Whites and | total Grose
| Rogions | iture interest non=wWhites) | value) | va lue

_E.E_uulﬂ_-

A Se43 1.05 3.46 4432 17.68
B T«51 l.48 2452 227 “1.17
e 4449 +88 1.44 2.83 12,89
D 3,82 «54 «99 2,04 .14
E 3.08 .69 2.15 2.84 10.55
P 3448 .86 2.94 5.18 13.85
H 6485 1.14 5.72 5.11 24,93
K 6.89 1.40 2.21 Je34 18,97
M 1.69 «13 41 1.52 5¢25
g «93 «16 « 30 «83 2449
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coat per unit of lend is relatively higher in the A and H Tegloms
while the capital coet per unit of land is lower for these two regions
indicating some kind of substitution between labour and capital. On the
average the remources appesr %o be complementary, the rescurce costa of

all resources are high for certsin resources end low for othsers.

2.4.  Econowig interference in the resource end product sarkets. Two
wain types of interference may be identified heres (&) subsidisation

of rescurces, and (b} restrictions on the movement of farm labour.
The sstablishing of product prices sbove the free market sguilibrius

also han & very important effect om the demsnd for resourcee.

2.4+1. Price gﬂnm in the resource market,

A substantial smount is spent smnuslly on subsidies
énd rebates ss shown by Toble 2.10. The total subsidies and rebates
on Tesources have increased gredually from Hl.6 m., for 1948=50 up to
H17.8 m. for 1966. Subsidies on products incressed during the same
pariod from H14.3 m. to R54.7 m« Both types of subsidies, viz, pro-
duction snd resource subsidies, have an important effect on the opti-
=usn allocation of remources. There is, however, one brosd difference
betwesn thepe two measures. Subsidies on 8 particular resource should
incresse the optimum use of this resource for sll products while sub-
sidies or price supporta for a particular product should incresase ths
optimuz use of all rescurces for that product.

The resource subsidies may be divided into subsidies on

fertilizer and subsidies om feed.
2.4.1.1. Pertiliser subsidies.
Froa Teble 2.10 it can be seen that since
1960 the Department has favoured direct msubsidies rather than



TABLE 2.10. SUBSIDIES AND REBATES BY THE DEFARTMENT OF AGRICULTURAL ECON.MICS 4ND M:REETING

Habate on Totel
Maige Dairy Tetal | ___ _trenspart ofi Subaidy Total subsidy

Year (matiniy oducts | subsidy Subaidy | on stock | subsidy | (products

endod Whest | distribution (1) | {main on Stock | Live= | Ferti- on fead and an and
31 March| (bread) mergin) Eaffircorn | butter products| feed | stock | liser | fertiliser| srusing | resources | rescurces)

HL, 000 e v

1948-50 | 7,98 4,959 - 1,369 14,256 - 1| 610 1,027 - 1,638 15,894
1951-53 | 15,489 8,475 - 2,547 26,511 12 11| 725 1,553 - 2,101 28,612
195456 | 14,89 11,605 - 2,593 29,090 13 12 | 1,332 1,683 - 3,040 32,130
1957-59 | 14,327 9,355 - 2,584 26,266 24 12 | 2,651 2,042 - 4,767 31,033
1560 13,018 9,003 - 2,566 24,587 &2 26 | 3,842 2,365 - 5,89 30,482
lﬁl uuﬂui Hrm - E.m E“'.ﬂj 152 5‘ 3.5@- 2.“1 — 51” ﬂ'iﬁﬂ
1962 10,570 12,014 - 3,559 26,143 53 170 | 3,631 2,695 - 6,549 32,692
1964 12,468 14,356 - 4,608 31,432 80 1% | 4,99% 3,202 - 8,473 39,905
1965 13,612 14,425 - 4,534 32,571 422 a3 | 3,834 4,230 656 8,569 41,140
1966 | 17,147 15,810 223 4,599 37,779 806 129 M6 T,950 3,148 12,9719 50,758
1967 | 20,065 25,346 638 4,477 50,526 (1,319 668 | 48 7,908 4,972 16,412 66,938
1968 25,800 23,600 600 4,700 54,700 | n.a. |2,200]| n.a. 14,400 1,200 17,800 72,500

Sgurce: Annual Report of the Secretary for Agricultural Ecomomice and Marketing for the period lst July, 1966 to
30th June, 1967.

(1)

Rebate on tramsport is included.

not available.

no subsidy.




transport subsidies. This in itself should have had an interfarw or
interregional allocative effect with the farws or regions closer to the
distribution centres of fertilizer benefitting at the cost of those
further swsy. During the 1966-67 production year s trensport rebate
of B3 cents per metric ton on sgricultural lize snd magnesite, with a
caxisus of B2.20 per metric ton and & rebate of 55 centa per metric fom
on compost, kresl manure ond fowl sanure with 8 caxdmum of Hl.10 per
ton were paid out (24). Transport rebates on high grade fertilizers
to farmers were discontinved in 1965 (24).

Iuring 1967 direct paywenta on fertilizer were established &t
R22, R50 mnd B9 per metric ton respectively for pure nitrogem, citric
agid-scluble phosphate end potamsium.

Pertilizer cubsidies in 1957 amounted to 80% of the subsidies
on resources and 20% of totsl subeidy. Vith a total expenditure on
fertilizer of spproximately R55 m.; a subsidy of Rl4 w, should have
an ioportasnt allocative effact.

2.4.1.2. a subsidies.

Tranaport mubsidiss on livestock are paid
out on the tramsport of livestock to and from drought stricken aress.
These payments are, therefore, considered as resource subsidies,
paymente to the feotor of production, livestock. 4 rebate of TH%
on the transport of etook to and from pasturage distress areas and on
the transport of stook feed to such eress was paid during 1966-67 (24).
The same rebates also applied to private tramsport in the case of
cartain eresas. These rebates are adjusted from time to time.

A fodder subaidy scheme was instituted during 1964 in order

to saintain nucleus breeding herds in drought stricken arvas. The
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subsidy on stock feed i limited to Rl.25 per month per head of cattle
for not more than 400 head of breeding cattle. In the recognized sheep
regions, the subsidy on ewes is limited to 20 cents per ewe per month,
for not wore than 1,000 ewes.

2;4'11.3- I.ﬂﬂll Bﬁhﬁmai

The granting of loans at reduced rates is
another form of price interference in the resource market.
Frior to the establishment of the lepartment of Agricultural
Credit and Iand Tenure, credit facilities for ferming purposes were
provided by the State through verious Government institutions such as
the Department of lands, Water Affairs, Agricultural Technical Services,
end the Farmers' Assirtamce Board (23). With the psssing of the
Agricultural Credit Act of 1766 (Act No. 28), messures to Hesist fare
mers finsncially wers co-ordinfted in ome Depsrtment. Different types
of loans are also available to farmars via the Land Bank, The pur-
poses of the various logns granted are twofold:-
{a) Financisl assistence given hy the State for the promotion
of particular sgricultural developments considered to be
of national importance, viz. land settlement schemes,
water and soil conservation.
(b) Government loans granted in the form of distress relief
when setbecks of a local or nation-wide nature ere exper-
ienced in the agrioultursl sector (139).
The Central Government loan expenditures on votes for agri=
cultural departments increased from an average of Ri.4 w. for the
five year pericd 1948-1952, to an aversge of R15.8 m. for the five

year period 1963-1967 (10). The total indebtedness of agriculture
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is estimsted at 1,031 m. for 1967, This amount was supplied by the
land Bank, 1%, commercisl banks, 22%, co-operstives, 6%, government,
11%, insursnce coupanies, private persons and other imstitutioms, 4¥e
(29).

2.4.1.4. Asuistance under the Soil Comservation Act.

According to the legislative power of the

Soil Comservetion Act No. 45 of 1945, the owner of land no longer has
the right to abuse or destroy land. A National Soil Conservation
Board was set up under the Act in order to improve ferwing methods in
co-operation with farmers, The Act sleo provided for the proclamation
of sodl conservotion areas., In tha proclaimed areas comsiderable
powara were granted for the regulstion and prohibitiom of certain prac-
tices. By June 1958, 90/ of the farw lend in the country, exoluding
land reserved for Bantu, was proclaimed ss soil conservation areas
(81, p. 61).

Great progrees has been pade since 1946 in the sense of in-
oreased productivity. The number of sheep increased by 26% between
1946 and 1968 but the physicel ocutput of wool incressed by 39% and
sheep slaughtered by 57%. Cattle numbers declined over the seme
period but dasiry products incressed by 138% end slaughtered stock ine
creased by 43 (81, pp. 230, 231) (31).

Since 1946 various scte have been passed to strengthen and
soend the Conservation Act of 1946 (114). The soil conservetion
lews were comsclideated and smended in 1969 and ssde applicable to all
land not situated in urban areas snd of which the owvnership is mot in
terma of the Bantu Trust snd land Act, 19%6 and the Rursl Coloured
Areas ict, 1963 (114).
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Tha objeota of this Aot are to combat and prevemt soil erocsion
and for the conservation and improvement of the soil, the vegetation
and the sources and resources of water supplies.

Under the Aot the Minister of Agricultura]l Technical Services
mey order ovners of land to odrry out certain comservation works at the
owner's expense,.

The Miniater may establish & soil conservation committee in any
distriot to adviss him and the owmers of land on matters relating %o
#oil conservation. LI comservation works of &an owner of land in-
cropse the value of land belonging to smother persom, then the latter
poroon may bo ordered to pay the forwer &n emount equal to the amount
by which the value of his lend hss increased.

Subsidies and grants may be peid for comservation works sube
Ject to conditions determined by the Minister. The costa of conserva-
tion works may be clarged entirely to the State or entirely to the

owner of land, or partly to the State snd partly to owners of land.

2484145, Indirect sssistance through government

i.l_ErtuntI othar m Eha Mj g:
Ee i Thet -

The Central Government revenue expenditure
o votes for the Departments of Agricultural Technical Services and
lands respectively incressed from an average of H7.Y m end Rl.% m
for the five year period 1948-1952 to &an aversge of R21.7 m and
il.8 m for the five year period 1963-1967 (10, p. 155). The expendi-
tures of the Departwent of Agriculturel Technical Services consist
mainly of salaries and wages of departuental employees, end of ex=
penditures on various research institutes, agricultural treining end

education, and of eoil oonservation (28). Expenditures under the
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vote of the Department of Lands, before ites oomversiom into the Depart-
ment of Agricultural Credit snd Land Tenure, consisted mainly of admin-
intrative expenditures, tut also included meintensnce of Siate lamds

ard of State irrigation settlewents and works (10, p. 154)s The Depart-
sent of Weter Affsirs aleo peys out large smounts anmually on the con=
struction of dasms which sre alsc being utiliszed for non-farwing purposeds.

2.4.2. Interference in the product serksts.
2.4.2.1. Schesws under the Marketing Aot.

The Marketing Act which was adopted by
Parlisment in 1937 provided for the introduction of marketing schames
for fars products by proclametion instead of specific parliamemtary
ensctoent for esch product. .

The principal objecta of the Aot sre "firatly, to secure a
grester measure of stability in the prices of farm producta, end,
ascondly, to reduce the price spread between the producer and consumer."
(113).

The following are some of the more importent powers which say
be granted to boards by the Act:

(a) Producers may be prohibited from selling the regulated
products except through the Board oconcerned.

(k) Meximum or minimum prices may be fixed for the producte.

(c) Boards say enter the moriet as buyers or sellers of products.

(d) Boards way impose levies on products. (113, p. 3).

At the comemt there are 20 bosrds opersting under the
Marketing Act (31). These boards comtrcl more ther TO% of the gross
value of agricultural production (24). Broadly speaking the existe
ing schemes can be divided into the following types (24):i=-



(o)

(b}

(e)

(4)
(e)
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One=channel fixed-price schemes. Such schewmes apply to maize,
industrial wilk end winter cereals. The boards determine
from time to time absolute prices payable to producers of
these products.

Une=channel pool schewes, These schemes apply to leaf
tobacco, declduous fruit, citrus, dried fruit, chilcory,
oil seeds, lucerne seed, rooibos tea, fresh milk end cream,
and bananss. Producers cbtain a pool or average price
from the sale of their produce.

Surplus-removal (floor price) schemes for meat, potatces,
ogge, dry beems and mffircorn. Producers of these pro-
ducts sell on the open market but ths Comtrol Boards con=
carned apply messures to support the market prices when
neceesary.

Superviscry scheme for cemming peaches.

Seles promotion scheme for mohsir.,

The control boards impose levies on the producta they comtrol

in order to cover their administretion expenses (ordinary levy) and

for the etabilisation of prices, salee promotion and research. The

miize, dairy, tobscco end egg boards heve had to draw heavily om

cocasions from their funds to meet the losses on exports. By expect=

ing farmers to pay levies on the units of production (e.g., bage of

msize) @& tax is thus imposed on technology. This would result in

s movement of the marginal cost (supply) curve to the left by an

aoount equal to the levy per unit of production. The supply curve

in moved to the right by the introduction of mew and improved tech-
nologlas.



2.4.2.2. Subsidisation of products,
The payment of mubsidies on the three staple

foods, vis, bread, meize and butter increesed to more than E54 m. in
1968 according to Table 2.10. These subaidiss awmount to approximately
24 cents per bag of vhite miize, 474 cents per beg of ysllow mise,

1} cents per 2 1b loaf of bresd and 4f cents per pourd (.45 kg.) of
batter (113, p. 32). These subsidies sre payable on all local sales of

TABLE 2,11. BULING FARM PRICES OF VARIOUS FOODS CONVERTED TO SOUTH
AFRICAN CURRENCY. 1964-1966,

South Hew |Argen~
Product Africa | U.S5.h. trelis [Zealénd| tine |Italy |Cenada

: e —

Majize per bag
{ producer 3.01 | 3.10 - - 2.34 | 4.80 -
price)

Whaat per bag

(producer 579 | 3.47 - - 254 | Te25 | 4e32
price)

Boof cattle
por 100 1b 3 .
alaughter weight 17.43 [29.96 | 17.53 |14.83 (15,50 | = 26456
(wholesale
price)

Sheep & lamba
per 100 1b _ o
plaughser 23.10 |33.03 | 16.79 - 6.25 = -
weight
(wholessle
price)

Figs par
100 1b i
ﬂ-l'l-llh‘hr 1-|'|-T? IE-TU' - Eﬂ- - -

5 45 20.59
( producer
| price)

MI F.d.0, Production mrm‘. 1'5'E'Tl Yol. 21.

* Sloughter weight considered to be 60% of live weight for beel cattle.
** Olaughter weight considered to be 5% of live weight for sheep.
*** Gleughter weight comsidered to be 74% of live weight for pige.

2 N




23
these products. Initially the subsidies were introduced to sbsorb part
of price incresses from inflation but more recently with the advent of
surpluses, the subsidies serve as & measure to support producer prices.

2.4.2,3. FProduct prices in South Africs compared with
world prices.

In the previous table (Table 2,11) the prices
of various products in South Africa are compared with prices realised
in other countries. The Socisl end Economic Plamning Coumcil in their
Heport No. 4 concluded in 1944 that "If it were decided to adapt South
Afriosan agricultural pricea to world prices, very considarabls reduc-
tiona would be needed. At present the South African producer and whole-
eale prices are higher thén those of the Argentine but compare favour-
ably with pricea in the U.S5.A., Australia, Nev Zealand, Italy and
Caneda. It must, however, be borme in mind when these prices are
cospaTed that prices for various countries are not alweys given for the
same grades.

The Fuk.0. Yearbook for 1967 presents prices of msise for the
UsSehey Argentine, Italy, United Arab Bspublic, Yugoslavis, India,
Maxico and the United Kingdom. Only in the Argentine was the price
of maizse lower then in South Africa.

The whest price in South Africa is high in order to stimulate
local production as the Hapublic is an importer of this commodity.

South Africen medt prices ere slsc competitive whan compared
with prices of other countries.

1t may be concluded that at present the farwm prices in South
Africa compare favourably with prices in the importemt producing
countries.

leppan (95, 3) rightly points out that where a protective



jE‘I

policy is followsd ae in South Africa the protection of grain crops may
sonflict with the stock-fesder in other parts of the country. This mmy
encourage grain production in mrginal eress like the Northern Transvaal,
Southern Free State and North Western Cape. These aress have 8 highly
erratic rainfall end it is doubtful whether it is in the interest of
consarvation to use thase arsas for crops. According to Leppan (95,
ps 9) meny aress in which grain growing is & hazardous undertaking,
fodder production is suitable snd cen be used to stabllise pastoral
onterprisess
2eliads

Reder states that under conditioms of perfect cospetitiom
all the marginal end second-order conditions of meximum welfare will be
satisfied (112).

If by Government interference pricee of resources end products
are changed, then the first order conditions are not satisfied smy lomger

ard the welfore of society is reduced.

Under conditions of optimum production, producers will tend to
equate marginal resource cost and sarginal value product.

In tho figure overleaf lll‘.:l1 and !I?PI represent the marginal
resource ooat and werginal velue product curves of an industry under
perfect competition. Under optimum comditions the induwstry should
employ Ill.l resgurces. When resources are subsidised, as is the
case with fertilizer in South Africe, the marginsl resource coet will
ba reduced sa shown by the shift of H.'ll to EE' This will encour-
age farmers to employ more of the subsidised resource.

When prices of producta, through State interforence, are fixed
at levels sabove those that would preveil without interference, then
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Qusntity of resources usaed

FIGUEE 2.2. THE EFFECTS OF PRICE INTEHFERENCE
IN THE HESOURCE MAHKET,
tha merginal value product is increased as indicated by a shift of
this curve to the right. Farmers are thus given the incentive to
produce more of this product amd less of others.

Product price supportas and subsidies of resources will tend
to incresse the resource use snd production in the sectors favoured
by interference. Under conditions of full esploywent this will
result in rescurces being bid awey from other indumtries.

Groenewald (60, pp. 283-293) shows that want-satisfaction

would be reduced by government interference.
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FIOURE 2,3, PRICE INTERFERENCE AND NATIONAL WELPAKE.

Curve DHE is a community indifference ocurve and ABC & com-
munity production possibilities curve for two producte ¥, and YE.

It is sasumed here that whéen resources, 8 fixed level of
technology, the pattern of consumers! preferences, full employment
and mobility of resourcea are given, 8 mximm of want-satiafaction
is aimed at.

The equilibrium between production and consumption will ocour
where the mdrginel rete of subetitution of '.'1'1 for ‘Iz in preduction

is equal to the marginal rate of substitution of Yi for !ﬁ in con=~

suption.
Trnas s
P
(s} 8 b § &Y.
E‘,[l (In production) = P—E - -?]* (In consumption)
2 A

whe e PII and PEE are the prices of products !’1 and ‘IE.
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Under these conditions welfare is mAxiwised at point B whare
o8 of ‘fl and OF of ‘.'EE are consumed end produced by the commmity.

With economic interference & realloocstion of Tesolrces @AY Ocour
and OL of Yl and OM of YE may now be produced. The welfare of
apciety is reduced as F 1lies on a lower indifference ocurve than B.

Wallace (143, pp. 580-594), using the prewmises that the area
under the demand eurve to the laft of a given quantity representa total
utility for that quantity end that the supply ourve reflects opportunity
costa of variable resources used to produce each quantity, showed that
price support measures add more to the costs of Booclety them to the
total utility of the sceciety. The net socisl loss for price suppert
measures is shown to depend on the elasticity of demand and supply for
the products under study.

411 governpent interference is not neceasarily to tha disad-
vantage of socletyy; for inetance asgistance under the Soil Conserva-
tion Act, The emphasis in this chapter is put on & description of
the econcmic framework of sgrioulture and not on the eriticlsm of it.

To do justice to the latter, the variocus products affected must also

be separstely analysed.

El#q-lq-l Intar LB TAncE

Legialation that inmhibited the free movement of
Africen farm labour existed as far back as 1927 through the Hative
ddoindstretion Aot of 1927, The Urbep Aress Act of 1945 consoli-
dated varicus measures passed before then. "In genersl, the posi-
tion in 1948 was that the individusl Afriecan could move from oms
place to another ..s.. only with officisl perwission", according to

Moltenn, as quoted by Brookes (13),
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Since then legislation hes becowe very much more rigid and the

Population Registration Act of 1990 requires that every Africam male
over the sge of 16 pust carry an identity card with particulars of his
identity. The idemtity card wes incorporsted with other dnuumﬂnt-a*
which Africans were required to carry under the Abolition of Peases &nd
Consolidation of Documenta Aot of 1952, in one Registraiion Book which
gach African must carry 8t all times. This enables a strict comtrol
of African labour, urben &s well &s rural. This system is extended
by the Labour Buresu System, establishing local and district labour
offices which are directed by the Cemtral Labour Bureau in FPretoria.

"W racord of every registered African farw labourer ,.... is kep:
in @ central register in Pretoria, and the position is that the labourer
cannot be employed in the urben areas, because as soon &3 his service
contract hes to be registered it will be established that he is a farm
lebourer, and then be cannot legally be taken into aarﬂim.'“

The most important aims of these labour BureAux are to place
workseekers in employment &nd to "regulate the supply end demand". (115).
In order to pursue these sims and verious other functioms, every work-
peeker in &8 rural area must register himself with the district labour
tureau of the Magisterisl THdetrict in wvhioch he bes been working. When
e registers he is given &8 card which he produces to farmers when he ia
geaking employment. When a farmer employs such a workseaker he simma
the worker's Heference Book to indicate that he is employed on that
farm and nay not be employed elsewhere until he has been discharged.
Thus a gloge record is kept of esch Africen farm labourer at each dis=

trict labour buresa and st the Centrsl labour Buresu in Pretoris,.

* Tax receipts, passes, service contmacts. atc.

** Statewment made by Mr, A, Vosloo, Deputy Minister of Bantu Develop-
ment. Teken from "The Daily News", Saturday, Ootober 11, 1969, pe9.
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These labour Buresux, established by Governsent Notice No. 2493 of 1992
apply only to Africen fars workers and the regulations of the Bantu

Affeire Departpent Buresux do not spply to Coloured farm workers for
instence. They are free to move between the rurel and urban areas
without reatriction.

The migration of fars labour from the rursl to the urben areas
is regulsted through the labour buresu system. The Urben Aress Aot
Ho, 29 of 1949 and the Influx Control regulstiom also meke it impossible
for an Africen fars lasbourer to seek employment in en urben area unless
he bas been granted specisl permission from his District Commissiomer,
who could refuse permission if, for exsople, there is a shortage of farm
labour in the district., Therefore, if an African is registered as a
fors labourer it in virtuslly impossible for him to obtain permisaion
to do any other kind of work unleas he ia either qualified for perma=
nent residence in en urben area, or the employment for which he is re-
quired in the urben aree cannot be done by any Africin elready in that
area, It was the intention of the Urbam Aress Act to halt the steady
strean of Africen migretion to the towms, @s clearly set out under
subsection (1) of section 10 of ths Act, that only certain Bamtu may

.h in & presoribed urban area for any period in excess of sevanty-two
hours (13, pe 109).

Through the legal verbisge of these regulations the following
point emerges: that African farm labourers snd their families can
saldomy 1if ever, qualify for permanent residence in an urben area.

An Africen farm labourer may however be requisitioned by the Hegional
Labour Bureau for employment in an urban area, but he must return to

the rural ares on teruination of his employment.
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It muat be pointed out that migrant lebour to the mines is
exenpt frow the labour buresux regulationa. They may reside in the
urban aress for the period of their contrect, but they cemnnot establish
percenent residence thare,

Conclusively then, it is legal for African farm workers to move
freely frow farm to farm in the rural areas, provided they notify the
labour tureaux concerned. They may sleo wove from a Europesn farming
ares to 8 Heserve, but they mAy not remain in an urban area for any
purpose for lenger than seventy-two hours. The eoploywsnt and move-
mant of Africen farm labour ere thus strictly regulated by the existing
lave.

Rastrictiona imposed on the movement of Bantu fars labour should
have a aimilar effect in reducing maximum want-sstisfaction as described
in section 2.4.3%. Furtheroore, this should have &8 depressing effect
on Bantu farm wages and it can be expected that the walue of the margi-
nal product of Bantu labour should be higher in industries thesn om
farma, Econowic forces may yet countermct the stated purposes of
legislation,

Jome of the effects of the immobility of the Bantu sgriomltural
labour force can be illustreted as follows by taking 8 theoretical
exaunple from Heady (70, p. 159).

Let 2.1 be a ome-factor production function for the agricul-
turel industry where Qp is the |:|_1._mn‘t‘.1t"_|,r produced, kl a8 gopstent

termy, b the elasticity of production amd X +the input of resources

Qﬁ = Eiﬁ 2uls
Q’d - L:EP' 2,2,

The product demend function is apecified in Z.2. where %y 18 the
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quantity dessnded, P the price of the product, e the elasticity of
demand and k:2 s conatant.

Assuze production incresases to the proporiion of 8 constant ul,
times the original function énd demend incresses to & lewel of & con~-
stant ':E' timen the original funotion.
laing elepentary caloulus the sarginal value productivity of
the resource after the production end dewend inoresses {Hﬂ"ﬂ} can now

be corpared with the sarginal value productivity of the resource before

these ahifta {I:‘F-Tl}. The fector quantity is taken as constant.

(e<1)/fe . 1/e
MVE 0y ¢, MVP, 243

2

This relatiomship can be shown more effectively by chooaing

differemt values for the paremeters as in Teble 2.12.

TABLE 2,12, MABGINAL RESOURCE FRODUCTIVITIES POR SHIFTS IN PRODUCT
IEMAND AND SUPPLY WITH HESOURCE INFUT CONSTANT.

Product price
elasticity 01 = 1.5, l.'-’E = 1.5 ﬂl = 1.5y EE - 1,2
«1 1.5 H’l"Pl o16 Hﬁ'l
14 llﬁ' H?PJ. -EE ml
1 1.5 !NP:l 1.20 Iﬂ'.l'l

With the technological shift of the production function and
the shift of the demsnd function being of the same magnditude {c1 = 1.5,
€, = 1.5), 8n inoresse in the productivity of labour cam be expected.
When the production increase is grester then the demand inomeane, the
level of the now MVP of the resource depends om the elssticity of

demsnd for the product. With production outstripping the demend in
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South Africe and the free outmigration of Bantu labour restricted, the
mérgingl value productivity of labour may increase very little or remin
fairly constant, Hestrictions pliced on Hemtu labour sovement alsoc
leads to underesployment of this labour on farms. This factor couplad
with the fect thet labour supplies are unlimited in the BHentu homelands
end other meighbouring territories not under South Africen control, has
an importent influemce on the pattern of Bantu wages in South Africa.
This stetesent will further be elaborated on when resource prices are

discusped in ssctiom 3.3.

¢¢D.  lonure ipn South Africen Agricultuve.

In South Africa there are two different types of rurel economisa
exiating side by side; one is the essentially market-oriented faredng,
ao practised by Buropesan farmers, and the other is the largely subsis-
tence=oriented farming ae practised by Afriocén pessants in the Heserves.
Productivity on the Europsan farme is in general several times greater
than that on the African farme, both in output per scre and per unit of
labours Due to these marked differences the research in the theais
win rastrioted only to market=-oriented farming which accounte for BT%
of the total farming ares in 1960 (16).

In South Africa and in the United States the majority of farms
are ownod (6)y In the United Kingdom in 1966 there were some
220,000 full-time farse out of the total of 450,000 holdings and wmore
then half the sgricultural output is produced by 42,000 large farms
(27, pe 4)s The sllodial form of tenure whore the title to land is

held in trust by the chief and each family is entitled to sn sllotment

* Frofessor H.1. Behrmann delivered his imsugural lecture on the
"Techmique and Tenure in South Africsn Agriculture”, May, 1965.
FPietermaritzburg, Mniversity Press.
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of sreble lspd with grezing being communal, is slmost universal in Bantu
Heserves (6).

The percentage of owner-ocoupied farms increased greduslly frow
58% in 1918 to B0% in 1960, This has an important beering on financing
of the industry becsuse if the owner-farwer is in need of money, he of”
obtain this by morigaging his ferwm. In most cases owners are also
working fermers. The other forms of tenure, viz. loased by occupler,
oceupied on shere eyetem and managed for other permons declined in
importence from 1918 to 1960.

The peeaing of the Buropean=held land into the hends of owmer-
occupiers is partly a reflection of the prosperous times through which
farming hes been pasaing (6).

The labour employed in agriculture consista of three main
groups, (&) labour performed by the ferwer and his family; (b)
regular employeea; end (o) ocasusl or sessonal employees. Domestic
servants sopetimes also perform farm work.

In June 1960, 1,663,700 workers were in sgriculture of whom
750,800 wvere regular employees sand 591,900 were casual employeas.
Femily labour also mskes up en important part of the labour force,
Non-Europesns were primarily smployed as regulsr snd césual exployees
8nd whites moinly as fa=ily labour.

In South Africa in 1960, 26,5% of the farwers had land set
apide for Bantu which comatituted 1.3% of the total erea. The area
pet aside to labour temants made up 50.%% of the total area set aside.
The rest wao set aside for full-time employees. [Labour temants which
are mainly encountered in Northern Natal aénd the Northern Transveal
cuatomrily work for 6 momths for the farwer for & wage, tut for the

reat of the period they ere free to work elsewhers., The tenant is



TABLE 2.13. NATURE OF TENURE OF EUROPEAN OCCUPIED PARMS
1918 1925 1930 1937 1946 1955 1960
No,..of No, of No. of No, of No, of No. of No, of
ferma % | farms % | farms % | farms % | farms % | farme % | forma !
Usned by occupier 44,240| 58,.1| 60,264 66.5 | 65,306 | 67.3| 69,512 | 66.5| T7,167| 6B.6| BL,956| 73.4 | B4,260| 79.6
Leased by occcupler 18,568 24.4| 18,353 | 20.2 | 19,456 | 20.1 20,895 20,0| 23,071 | 20.5) 20,92%| 18,8 N8 0.l
Cecupled on share
ayatem B,872 4,0 6,444 T:1 5,884 f.l T 305 T.0 6,098 Gad 3,809 I | flafia < B
Managed for other
peraona 6,469 B.5] 5,5%| 6.2 | 6,285| 6.,5| 6,B42| 6.5 6,117| 5.5| 4,898| 4.4 | 3,883] 3.7
Total Number 76,149 {100,0| 90,653 [100.0 | 96,940 |100.0|104,554 1100.0 112,453 [100,0 {111,586 1200,0 | n.a. [200,0
Sourge: (1) Social and Economic Plamning Council, Report No. 4. The future of farming in South Africa. 1944. p. 7.
(2) Bureau of Statistics. Heport on agriculturs]l and pastersl production, Agrieuwltural Census Report. Various
YEATSH .
IABLE 2.14. LAROUR EMPLOYED IN AGRICULTURE (EXCLUDING RESERVES) JUNE, 1960.
(in thousanda)
Whiten Bantu Coloureds Afsiaticse
Total Male Female Hale Femsle | Male FPemale | Hale Female
Family labour 158.5 10%.%5| 42.9 - - 5.1 1.3 4.0 1.B
Kanagers 5.6 5.5] - - - 2 i 3 s
Regular employees 750.8 7.2 .5 542.7| 94.9 89.7| 9.4 5.5] 1.0
Capual employeon 591.9 1.2 3 245.3|255.6 62.9 | 27.8 «5 -2
Domestic servanta 156.9 - .1 14.5|115.5 1.4]25.0 o2 %
Total 1,663.7 | 137.2| 43.8 | 800.5|466.0 [159.1 |63.5 | 10.0| 3.3

Source: Buresu of Statistios. Heport on agricultural and pastoral production. Agricultural Census Fo. 34. 1959/60.

!gtr
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neither & sldlled farm labourer -mor a8 farmer, nor does ha ever becoms
skilled in sny other occupation (6).

Bantu on holdings of White farwers have 1l4% of the number of
cattle, 18% of the pigs end 21% of the goats on the farms. They also

plant 10% of the srea devoted to meize on European farms (16),



CHAFTER 3.

TEENDS IN EESOURCE USE

Trends in the agricultursl industry are & reflection of the
pressurea feced by farmers. Innovetions sltar the marginal physical
ratea of substitution in fevour of the factors which experiesnced a
relative increase in sarginal productivity. This results in a change
in the organisation of sgriculture and in the Mector =mix. The optimum
factor mix may continually change because of new technologies or of
changes in relative resource prices. I the merginal productivities
of the resources &re increased through inmovations, tha farmers' demand
for inputa cén incresse even vhen product prices decline relatively to
factor prices. This places & severe stress on the menagerial ability

of farmers,

3.1.  Outpat per unit of input.

Incresse in fors production can be sttributed to increased pro-
ductivity per unit of input and to the application of sdditiomal inputs.
Productivity in the United States agricultursl industry increésed from
an index of 100 in 1940 to 146 in 1960 (101, p. 4). Productivity is
defined here as the ratio of totel farm output to total production
inputs for the U.8.h. With the same base period Groenewsld (59, p. 23)
estimated the productivity index for the South African sgricultursl
induatry to be 143 in 1959. Oroenewald messured productivity ss the
ratio of physical yield por unit of primsry productiom resource. Total
production st comstant prices increased by T8 from 1940 to 1959 in the

* The first order comditions specify that inputs should be ueed until
the marginal retes of substitution between inputs are equal to the
inverse of thelr mepective price ratioce.
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Bepublic. From this it may be concluded that grester productivity
contributed alightly more to output than an incresse in rescurce use.
Farm output incressed by 51% in the U.5.A. from 1940 to 1960, suggesting
that the incressed output cén almost solely be attributed to greater pro
ductivity. Inoreased productivity in South Africe resulting from the
sdoption of new technologies, usually lags & few years behind the U.5.A.
consequently & parallel productivity inorease cannot be axpactad.

During the same period total population, ineluding that in Bantu
Heserves, increased by 50% in Bouth Africe end this demonstrates &n in-
cregse in productiom per unit of population.

In Table 3.1 ths ratiom of output per unit of capital input and
the cepital input per unit of output, are shown. The following cepital

TABLE 3,1, OUTPUT/CAPITAL INPUT RATIOS AND CAPITAL INFUT/OUTFUT
RATIOS PO SOUTH AFRICA, AVERAGES FOR FIVE YEAR
PERIODS 1936-1967. (DATA NOT DEFLATED),

Cutput per unit of
tour | Parosntege (1946 = 100) | unit of owipet. (B)
1940 100 4.84
1345 126 385
1950 150 J.22
1355 168 2.87
1360 164 2496
1965 191 2.54

Source; (1) Unpublished records of the Division of
Agriculturel Marketing Besesrch. 1969.

(2) Supplesentary dats to the abatrect of
agriculturel statistics. 1969,
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sopots were teken into scoount: fived improvementa, méchinery, imple-
monts, wmotar vehiocles and tractors, end the livestock inventory. The
datsa in Table 3.1 vere not presented om & deflnted basis beceuse of an
inconaistency thet was discovered between the volume of production snd
produstion at comstent velues as reported by the Department. OCapital
invested in lend was excluded becsuse greatsr produstivity of the land
may resuli in sn incresse in the land price. In such & case the
output/cepital input ratio is & very inefficient indicatiom of producte
ivity.

In Table 3.1, the gross valus of agricultural produstion was
taken ap output. The ocutput per unit of capital increased by 64% on
en undefleted besis from 1940 to 1960. Since 1960 there appears to
have been o substentisl incresse in the output per unit of capital inpu

The sasets roguired to produce one rand of gross cutput decreas
from 1940, s shown by Teble 3.1. 1In 1940, E4.B84 of capital input was
needed to produce Rl of gross cutput compered to K2.54 requirved in 1965
for the seme cutput. This may be sttributed to better varieties, ime
proved pasture management, and the more intensive use of varisble ex-
penges such we fertilizers. DBrand (10, pp. 145-147) reported
capital/output retios determined by Frenzeen and Willers and du Pilesani
Lecording to these findings the cepital/output retice appear to be high

in sgriculture than in the =ining or menufscturing sectors.

3.2, 3% § ture.

Non-purchased inputs such es fawily labour, fars manure, oxen,
horsee end mules, have been repleced by non-ferm supplied inputs, such
88 sechineryy fertiliszer and hired labour,

The subotitution between trectors and a spun of 16 oxen is
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depicted in Table 3.2. Trectors per fare in the North-Weat Free State
increased from .7 in 1945/46 to 3.0 in 1956/57 wvhile spans of oxen per
farm decreased from 3.7 to 06«
The substitution placed & tremendous financis]l burden om the
farmer. The introduction of such pew technologies has megnifisd the
probles of capital fimancing in farsing.

TABLE 3,2, TRACTORS AND SPANS OF OXEN PER FAEM, NORTH-WEST FREE
STATE AND TRANSVAAL HIGEVELD(Y), 1945/1946~1966/1967 .

_Year ___Transvas]l Highveld
Tractora per | Spena of oxen 'I!Huturupar‘ﬂplﬂnfm
fors per farm fars per farm
45/46 0.1 3.7 o1 3.4
46/47 0.9 3,2
47/48 1.2 2.8
48/49 1.7 2.2
49,50 1.8 1.2
50/51 2,2 0.7 1.2 1.9
51/52 2.4 0.3
52/93 - 02
53/54 2.6 .03
54/55 2,8 .08
55456 249 .10 1.9 i
56,57 340 L06 1.9 o
66/61'2) | 47 1.3

“« 1 ppan = 16 oxen.

Source: (1) Gregory, J.J. (1962) Prys-en Inkomstebeleid in die
landbou met spesiale verwysing na Suid Afrike.
D80, 'ﬂ“lu| University of HI“I“, Pe 3&-

(2) Unpublished records of the Divieion of Agrioulturel
Marketing Research.
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TAHLE 3.5. THE VALUE OF CAPITAL ASSETS IN AGHICULIUEE, SOUTE AFHICA.

1935 - 1966.

Year
(31 Dec.) Machinary,
Five year l.mplnlﬂh‘t!.

period Pixed wotor

with improve-| vehicles | Liveatock

old-year Land oents & tractors | inventory Total

2y | % # |pe | #| 2| gl Bs s

1935 332.2|40.3| 209.5(25.4 | S53.8| 6.5| 228.7|27.8| B624.2|100,
1940 | 376.0]34.4| 351.T7(31.9 72.8| 6.6 | 298.3|27.1(1,100.6]100,
1945 7694 |43.7| 454.0(25.8 | 107.4| 6.1 | 430.8]24.4 |1,T61.6{100,
1950  1,390,7(48,0| 640,6{22.1 | 305.3110.5 561.8|19.4 |2,898.4]100,
1955 2,040.9 (49.9| 789.4[19.3 | 470.5|11.5 | 789.2|19.3 |4,090.0| 100,
1960 2,472.0/51.3| 932.6]19.4 | 510.8[10.6 | 902.0|18.7[4,617.4/100
1965 3403240 53,5 1,067.1/18.8 | 545.2| 9.6 Ll.uz.sr.: 1843 |5,685.4]100.

Sgurge: (1) Unpublished dats of the Division of Agricultural Marketing
iesearch.

{2) Supplementary dets to the sbetrect of Agricultursl Statist
January, 1969,

* Beped on period 1935 - 1937.
** Haped on pariod 1964 - 1966.

In Table 3.3« the velue of capital assets in sgriculture is show
for the period 1935-1966. At present about 5% of all investment is in
land, 19 in fixed improvememts, 10/ in machinery and 106% in livestock.
The aeasetas of land end machinery incressed in relative importanpe over
the period while that of fixed improvements &nd liveatock decreased. The
assets of land and mechinery increased tenfold from 1935 to 1965 while
that of fixed isprovesentis and livestook increased fivefold.

Teble 3.4 shows that while the share of both labour and capital
in the total resource use reméined relatively constant, both these

resonrces subatituted somewhet for land in South Africe. In tha U.B.A.



the share of capital in the rescurce mix incressed from 1670, while

lgbour'a share decreased (47, ps 167), demonstrsting a substitution

between these respurced,

TAHLE 3.

CHANGES IN THE COMPOSITION OF RESOURCES IN THE SOUTH
AFHICAN AGHICULTUHE. HESOURCE FHICES BASED ON THE

FEHIOD 1947/1948 - 1949/1950 = 100.

tage of
Year Labour Land Capital Total
19249,/30 20 16 64 100
1934,/ 35 22 22 5 100
1939/40 22 18 60 100
194445 22 16 0 100
1949/50 28 135 99 oo
1954/55 26 12 62 100
1959/60 | 22 11 67 100
Source: (regory, J.J. 1962. Prys-en lankosstebeleid in die

landbou met spesiale vervysing na Suld-Afriks.
Dibo, thesis, University of Pretorias, p. 167,
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Expenditures on rescurces that are depleted during the course

of one production season sre only eveilable from 1950.

Expanditures

on those resources heve incressed substantially since 195%0-52 sccording

to Table 3.5.

sprays sore them trebled over the 15 year period.

oresse in expenditure csm be atiributed to higher factor prices.

Expenditures on fartilizers and farm feeds, dips emnd

A part of the in-

Pertilizers, feeds sand repairs of sechinery and isplesents are the moat

logportent current expenditure groupa.

In order to meesure the resl chanpges of fector use, the growth
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rates of the mjor imputs with 1949/50 es beses sre depioted in Table 3.6

TARIE 3.5. GAPERDITURES ON CUHRENT EESOURCES AND LABOUE: AVERAGES FOR
TUREE YEAR PERTODS, SINCE 1950. SOUTH AFRICA.

(Million Hmmda)
Current inputy <
Geed, orc
Farm Puilding| lepairs of) insurance
feeds and machinery |licences
Farti-|dipe & Packing |fenoing end other
Year | labour|lizers|sprays |Puel|meterisl| materisl |implesents|expenditu
1950-52| 94,6 | 15.9 | 22,2 [21.8] 11.6 | 4.9 | 15.7 13.4
1955=-55{122.% | 19.0 | 30.4 (27.9] 1l6.T7 B.b 2.5 16.T
1956-581123.7 | 26.1 | 37.9 |34.7| 18.8 5.8 28.1 21.8
1962=04 | 144.1 42,6 | 52.7 |[42.1] 29.1 B3 400 40:9
1965=67|155:0 | 5348 | T1.0 |45.4] 30.4 9.9 43.8 45.6

Sgurge: [npublished deta of the Division of Agrioultural Marketing
Hesearchs 1970.

Tractors, fertilisers and lorries exparienced by far the moet
spectaculsr incresse in use. There has been noss kind of parsllel or
cooplesontary relatiomship im the spplication of fertilisers and the in-
crease of tmotors. Lorry nusbers appear to have resched a maxisum in
1959 /60, In the U.d.A., trector sales have decressed ebsolutely sinoce
1960 (101). 'The demamd for a durable item comnBists of two parts. The
firat 40 meplocement demind end the second, the desire to equate current
and desired stocks. In South Africa the replacesent demand for tractom
is getting wore important. It sppears that the desired stock of lorrie
has been resched ond that the only desand is to replace depreciated stoc
Tractors snd treilers wsy slso have replaced lorries becsuse lorries are

very cootly vhen coupered t0 tractors.



(2) Unpublished dats of the Division of Agricultural Marketing Besearch for later years.

Managers, foremen and other regular employeesa.
#* Index based on the guantities of N, F and K used.

TABLE 3.6, PERCENTAGE CHANGES OF INFUTS OF MAJOR CATEGORIES WITH 19449/50 AS BASE
*
Fuel and Other Reguler employees
Fixed repair operating L —
Fertilizer Machinery ismprovesents | charges at inputs at i
Tractor Lorry plant __ |at conatant | at oconstant | constant oonstant European Bantu
Year nunbers ousbers rmutrienta gricen prices pricsa prioes labour labour
1524/25 2
1936/ 12 27
1945/46 42 68 56 103 %
1949/50 100 100 100 100 100 100 100 100 100
1950/51 116 n.A, 100 107 108 104 107 87 96
1951/52 133 N.8. 96 114 98 104 111 74 9l
1%2/53 154 0.8. 112 119 98 104 nm = o4
1953/54 165 n.a. 135 133 106 118 132 63 %
1954/55 181 166 162 147 104 129 143 53 29
1955/56 194 156 158 149 106 136 150 61 &5
1956,/57 207 145 173 147 109 143 157 74 %
1957/58 220 147 193 147 113 150 157 90 %5
1958/59 232 184 229 147 117 154 168 93 102
1969/60 246 222 2%4 147 121 175 179 a9 100
1960/61 252 222 265 147 121 175 168 L] 99
19%61/62 262 222 29% 147 123 175 175 aa 101
1962/63 288 222 418 144 125 175 162 80 a1
19%6:3/64 312 466 144 126 171 182
1964/65 471 144 128 175 189
1965/66 464 149 126 175 186
Sourge: (1) Agricultural Census Reports 1924/25 - 1962/63.
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The machinery input appears tu have resched the desired level.
Thase peries miy be sariously oriticised because no allowance is made
for quaelity or capacity of the unit.

1t appears thet census labour musbers for the esrlier yeara are
not directly cospsrsble, end it wea decided to consider only megular
@uployees, including mensgers and foremen, becBuse they conatitute a
more hooogensous category of the totel lsbour input, COesusl and
segoonsl lebour were excluded. Hegular European labour declined about
50 fron the base lsvel to 1954/55, but since then numbers of European
ezployees have incregsed, Bentu regular labour nusbers on the other
hand, fluctusted very little over the period considered.

Uperating inputs, other than fertilizer, have also showed a
considerable increase since 1945/50, but they reached & virtuslly con-

stant rete of use in real terms around 1959/60.

3.3.  Price trends,

Hesgurce substitution and the resulting input mix is greatly
influenced by the factor-factor price ratice.

Price indexes of seleoted inputes are pressnted in Table 3.7.
Tt is interesting to note that the prices of trectors end lorries
trebled while the price of fusl doubled during the period under study,
4 part of the incresse in price of trectors end lorries mey however
be attrituted to sm improvement in quality. Such cepital items
ahowsd s sarked increase frow 1948 to 1955, partly becsuse of the
sterling devalustlon in 1945 and partly btecsuse of inflation.

The price indexss presented in Teble 3.8 ere either not resdily
availsble or were calculsted fro@ primery sources. These indexes are
thus given in & pore detailed foruw, For exsople, the fertiliszer price
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index in derived frosm expenditures on fartilizers and total consumption

af plant nutrienta; the wage rates are derived from census data; and
land priceos [rom trenafer data of rural propartiea.

The fertilizer price index of the Iivision of Agricultural
Marketing Research was used for the period 1936/37 to 1951/52. The
indax for the period after thet, was calculsted from the total expondi-
ture on fertiliser and the total comsumption of plant mutrients, As &
result of the substantis]l increese in the mutrient comtent of fertili-
zera, vhich the price index of Teble 3.8 tekes into sccount, this index

in comaidernlly lower for the last decsde than the index of the IMvislo

TABLE 3.7, INDEX OF PHICES OF PARMING HEQUISITES, 1947/48=1949/50 = 10

Fiva

year

with

mid=- All Punping | Spare | Ferm

year |Tractors | Lorries | implements | equipment | parte | feeds | Fuel
1540 Gt S0 61 Nalis 60 61 61
1345 19 Ba 76 Nulle T4 94 10%
1950 116 120 117 105 117 105 114
1955 | 152 166 162 105 162 139 148
1560 160 190 178 129 174 147 16l
1965 168 199 164 155 183 156 163

Source: l. An sbetrmct of sgriculturel statistics of the Union of
South Africe. 1958. Division of Agricultural
Marketing Ressmrch.

2. Supplewentary date to the ebetrect of sgricultural
statistice of the Hepublic of South Africa.
Govermment Printer, Pretoria. 1969,

The percentage of putrient oontent of all fertilisers scld increased
from 10.4% in 1955 to 16.5% in 1966 (32). The decresse in the farti-

lizer price can alsc be attributed to en increased government subsidy,
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This increase in subsidy wes shown in Teble 2.10. The price of plemt
nutrients hes declined sinoe epproximately 1952/53 which is offered as
the min fector comtributing to the tremendous inorease in the epplica-
tion of fertilizer as depicted in Table 3.6.

The intereat on first mortgage bonds declined from 1936,/37 up
to 1944/45, tut Cros them om the price of borrowed capital showed
8 continued incresse. This can be expected to have some effect on in-
vestment even if it is only &t the mergin. Capital from sevings wis
plentiful st the end of the War and opportunitiss for investment une
limited, Hence the relatively low interest rates in this period.

The price of this type of cepital in 1965/66 was 42% greater than the
bass year's price, Investment in machinery wae 8t & very high level
in the early fifties 88 a reaction %o the dewand thet hed scoumulsted
during the war years, but no doubt sleo beceuse of nmew and improved
machine designs, As this desend wee being eatisfied, the rate of
sales doolined (29, p. 10/3). The poseible sffect of the interest
rato on investment is fully explained in Chapter 6.

The wage rete of Bantu reguler lsbourers was 6%k higher in 196
thén in the base period while the wages of Europesan reguler labour
showed un increasse of 255% over the same pericd. The wage index for
regular labour wis computed from census data on regular labour employec
and expanditure on regular labour. Hy deflating the wage ratea of botl
groups by the consumer price index, the Europesn reel wage inoreased b
128 while the Bantu resl wage incressed only by 4%, Steenksamp (127,
pe 96) warna sgainst the use of the consumer price index for deflating

Bantu veges because this index is "besed on Furopesn fewily budgets, ir



IABLE 3.8. FRICE INDBXES OF CERTAIN INPUT CATEGORIES IN SOUTH AFRICAN AGRICULTUEE. BaSE: 1947/48-1949/50 = 100.

Land price Hegular Begular
Land prioce weighted Europaan Basntu
waighted according to labour labour
mcoording to farma mold {mrﬁ. {m,
Machinery, First mortgage farms sold in the maisze, foremen foresen | 411 BEsntu
tools and bond dinterest | in different wheat,cattle & other & other | & Coloured
Azplementn | Fertildsex | rates | sige groups | & shegp areas! ! egxlovees) labour |
[ak®] |[=]e[>]ele] [d] [=] Le] [£] (r] [e]
55 47 115 = 40 = = =
62 56 116 - 39 - - e,
81 92 95 - 65 - - -
T8 - ] 95 a9 64 &85 105 =
80 96 56 96 82 90 94 94
114 104 102 106 109 110 106 103
133 106 102 123 113 152 106 104
146 135 111 140 14% 153 107 125
152 136 118 155 156 169 113 141
152 132 120 171 165 iB4 119 149
152 129 120 172 184 196 123 154
154 136 127 187 219 226 112 165
159 141 129 154 240 244 130 166
163 136 129 208 222 262 139 172
166 15 128 200 220 282 143 T2
169 131 129 204 216 292 145 188
170 130 132 222 247 302 147 190
in 125 135 233 253 313 149 194
173 114 128 239 257 355 163 214
175 105 127 275 285 - e 247
1964/65 179 107 134 328 340 - L4 252
1965/66 181 112 142 355 365 i i 269
Souroe: - not aveilable.

Unpubliehed records of the Division of Agricul-
tural Marketing Hesearch.

d Union Statistios for 50 years.

f Census reports.

a Supplementary data to the abstrusct of agricultural statiastics ]
of the Bepubliec of South Afriea. January, 1961.

b in abstract of agricultural statistices of the Union of 5.4.1958.

e Tranafers of rural and imsovable property.

"65
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which foodstuffs figure less prominently than they do in Bantu house-
hold tudgeta™. During the same period the index of all consumer items
incressed by 56m while thet of food inoressed by 6%. It must also
be borne in mind that Bantu labourers receive & part of their resunera=-
ticm in kind.

Brend (10, pp. 248-282, 295-300) demomstrates that Lewis's
clessicel model of economic development with unlimited suppliea of
labour, as refined by Hanis snd Pel, can be used to interpret the
development of the South African economy over the past four or five
decades. The South African economy is of a dualistic nature with, on
the one hand, & capitelistic snd, on the other hand, & subaistemce
sector.  Hrand (10, p. 276) views Steenkamp's dividing line between
the two sectors as the best. GBteenkapp distinguishas between the
areas owned by whites &s the capitalist sector and the Bantu homelands,
including the neighbouring territories not under South Africen control,
g8 the subsistence sector. A portiom of the Bantu population that
lives on white farms may be added to the traditional sector, as & sub-—
stantigl number of those whose movementa to gities are curbed, end up
on farms (10, p. 276). Tme to high populstion demsity and the relativ
dearth of copitel in the subsistence sector, the merginal product of
lebour is very low, equal to zero, or even negative. The per caplta
production and comsumption in this sector will usually be higher than
the marginal product of lebour but, nevertheless, low when compared
with the per capita production in the modern seator (10, p. 249).

Workers in the traditionsl sectors ere on ebsclute comsumption
levels that exceed the merginal product of labour im that seotox,
Conmsequently, the per cepits comsumpticn in the traditional sector,

and not the marginal product there, will determine the supply price
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&t which each worker will be prepared to offer his labour pervices tu
employers in the modern sector. To compemsate for the inconvenlence
involved in the transfer to the modern sector, & constant of 30% is
added by Lewis to the per caplte consumption lsvel. The applicabllity
of the model then implies that unlimited supplies of labour are avail=-
sble to the modern sector at this comstant wage, expleining why the
real Bantu wage remeined virtuslly constant in the modern agricultural
gector during the periocd under study.

Brend also (10, p. 267) states thet Steenkamp's data on Bantu
real wagea cannot be takem to disprove a hypotheais that the resl wage
paid for unskilled Baptu labour in the modern sector of the South
African sconouoy remsined virtually comstant betwsen the 'thirties and
the end of the fiftiea'. Thus with the present restrictiomns imposed
on the movement of labour to urban areas and the high populstion demsity
and over supply of labour in the subsistence sector the real wage of
Bantu lebour cennot be expected to incresse much in the near future.

It is difficult to say whether the reductiom in European labour
wag due to the faot that Buropean labour was getting more expemsive and
farmers substituted this resource with relatively cheaper inputs or
whether the increase in the wage of Eurcpean labour was dus to the flow
of Furopeana fto cities drawn by higher wages there. It can be expected
that fermers introduced more non-White menagement to compensate for the
decline in White manégers and foremen. No figures could be found to
substentiate this tendemcy. On the basis of production cost surveys,
done by sgricultural economisis, the wage index of all non-White
labour increased from 94 in 1946/47 to 209 in 1965/66.

The price of land incressed %% times frow the base period to

1965/66, This increased value can partly be attributed to capital
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invested in improvements. During the period studied, land wvas an
excellent investment medium, with land prices outetripping the whole-
sale price index, This 45 not seen as an inflotiomary cccurrence but
rather the product of greater production per asore, product prices and
other fuctor prices, It can thus be expected that esupport prices
will be capitalised into the velue of the land.

Price ratios are shown in Table 3,9 for years in which data wen
aviaileble for moamt of the input categoriea.

By 1962/65 the price ratio of all capital items to Europesn
regular labour declined to approximstely 50% of its base level but the
ratio of all capital items to the Bantu regular labour price inoreased
during the first half end then declined to the tase price in 1962/63.
Looking &t relative prices alone, no pressure is put on the Bantu labow
force to migmate to the cities as grester production will require in-
creaged use of resources. It oust be borne in mind that 42% of the
regular Buropesn labour force comsists of memagers while the Bantu
mansgers sre lese than .0l% sccording to the 1959/60 sgricultural censu
Froz this it say be deduced that the real substitution 4id not take
place betwesn European labour snd cepital but reather between Bantu
labour end capital end between Bantu labour in the form of boss boys
snd Europesr manlgers. European labour, other than ssmagers smd fore-
mer osn be expocted to be substituted by non-White labour,

The fertiliszer/land snd fertiliser/labour price matics dezon—
atrate 8 spectacular decline sexpleining to some extent the greater
application of fertiliser per unit of land.

The changing fector-factor price ratics suggest a continued

change in the optimum resource mix for sgriculture.



DTABLE 3.9, INDEXES OF PRICE RATIO8 POR PARTICULAR CATEGORIES,

SOUTH AFRICA, 1947/48-1949/50 = 100.

Fervilizer|Pertilizer| CapitallCapital| land | lend |[Interest|Interest|Periilirer | Hachinery | Short term
—rate Ieouipiton
Buropean| Bantu |EBuropean| Bantu ﬁur:.;&ﬂ H:l‘h:r Siciin
regular|regular| regular|regular re re
| Tear Land L-ruu-r labour |labour | labour | labour | labour | labour Cropa Crops Hechinery ratio
- - -
[ -
36/%7 B4 - - - - - - - 101 119 90 -
39/40 103 - - - - - - - 130 144 89 64
| 44/45 102 - - - - - - - 107 95 114 78
' 45/46 107 - 129 60 136 B4 146 a0 108 &5 119 a3
' 46/47 100 101 % g1 107 102 106 102 9% B0 116 9
49/50 %8 101 99 103 7 100 93 a7 99 108 93 99
50/51 = 102 o 116 o4 116 78 % 90 113 86 115
51/52 q7 108 g3 132 a1 131 T2 104 104 113 89 98
52/53 88 o7 87 129 a2 136 70 104 % 107 90 104
53/54 T7 B89 18 120 9 144 65 100 9% 110 a7 106
5455 75 B4 74 118 a8 140 61 %8 9 111 a7 103
55/56 13 B2 65 132 a3 166 56 113 100 114 a7 10
56,57 77 a5 62 116 76 141 53 a9 105 119 &7 102
57/58 65 79 59 111 80 150 49 a3 99 119 a5 100
G 66 76 55 108 71 140 45 50 o7 122 85 %
59/60 64 70 54 108 70 141 44 ag9 %6 124 B6 96
60/61 59 68 53 109 73 151 44 99 o4 123 a7 94
61/62 54 64 52 108 T4 156 43 gl B9 122 BE 93
62/63 48 53 46 100 67 147 36 79 B4 127 83 g3
63/64 38 43 - - - - - - 74 123 B 98
64/65 33 42 - = = = - - n 119 85 102
65/66 52 . - - . | = : . B 118 1 102
Sourca: 1) Tabla 3.8.
2) Supplementary data to the abatract of agrioultural statistics of the Eepublic of South Africa, January, 1969.
3) An sbatract of agricultural atatistics of the Union of South Africa, 1958,

* Capltal items inolude tractors, lorries, implements, pumping equipment, femcing material and building material.

*% Labour wsge rate is based on acost of production surveys and refers to all non-White labour,

.Eg
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The fector/product price ratics of fertilizer to crops deorease
indicating that the optimus levels of appliceatlion per unit of land moved
higher and higher,

MBchinery prices incressed st approximately the same rate as
crop prices with the exception of during the post-war years. The retio
of tha prices of variable coet items like short tero requisites to the
price of o fixed coot item like méchinery remeined virtuslly constant
frow 1949/50 onwards. A change in the ratio is important because
fervers cén only produce in the short rum ss long 88 product prices are
above variable costs. Between 1913 snd 1940 the index of producera’
prices of egrioultural products fluctusted without showing any nat gain
over the periocd. &inoe then product prices improved except when tha
index of prices received resained virtually unaltered between 1952/53
snd 1562/63, The index of farming requisites 1s only svailable from
1940 snd since them this index has increased graduslly, The parity
ratio, which is the retio of all prices received to all prices paid,
increased froe 1939/40 to 1946/47. From then omwards it hes remined
constant for sll prectlcal purposes (Table 3,9)., It is thus wrong to
talk ebout &8 price-cost squeese in South African agriculture., The
price ratic did incresse or decline for m fow comsccutive years, which
was however, not enough for a trend to be established. It is quite

possible that & cost squeese does exist for certain individusl

. The price index of short term requisites is a weighted price
index of fertiliszers, fusl, farm feeds, packing material and
dips end spreys.

The price index of mechinery is a weighted price index of

tractors, lorries, implements, pumping equipment, spare parts
and repair charges.

o dn index of &ll requisites ocombined, excluding labour was used
for this purpose.
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enterprisesa,
Abeence of & price cocet squeeze in South Africs may heve been

the Tesult of sgricultural price policy under the Marketing Act. Price
determinations are on an ad hog besis bearing relationship to supply

snd demand factors, and sre not mde in terms of an arbitrary “parity"
formils, which does not allow for tecimological changes end other supply
and desand sdjustments. In the case of fertilizer it was sctually showt
that the ratio of fertiliser prices to crop prices decreased, The price
coat equeese, however, his been a reelity in the U.8.A. where the parity
ratio es fallen frow 1910, with the exception of @ brief rise in the
nineteen fortiea. The parity retio in the U.S5.A. drifted dowvmmrds
from 1910 until 1540 btut by 1550 temporarily recovered slmost to the 191
level (201, p. 13).

J+4.  Feru incoue,
Gross income per farm in South Africe showed a parsllel ingresase

to that of the U.S.A., with the South African income figures par farms
marginally higher than that of the U.5.A. A cosparisom of farm income
in South Africe is mede with thet of the U.5.A. becsuse it is generelly
Bcoapted that ths U.S.A. has already edvanced far on the road of econo-
mio development. A comparison of this kind must be trested with
caution becsuse product price levels in the countries compéred may
differ substentially.

Cash income and fere consumption minue weges, salsries and rent
in real terus incressed by spproximstely 40% from 1950 to 1965 im South
Africs. The higher income per fars in South Africs wes partly due to
& decresse in nusber of fares end partly due to incressed productivity.
The totsl nusber of ferms in South Africa decressed from 116,848 in
1950 to 104,681 in 1962, while grose value of agriculturel predustion



TABLE 3,10, INCOME PER FARM FOR SOUTH AFRICA AND U.S5.A.
Cash inooms
and farm
consumption
minus wagas,
Gash income galariea and
and farm rent, deflsted
consumption by consumer
minus weges, indax
palaries end | Gross incomm | Gross income 1347/8 -
ront, por farm for | per farm for | 19545/50=100)
Year | South Africa South Africa the U.5.A. South Africs
(a) (®) (e) (2) (a)
(Bsnds _per farp)
j’ﬂf"l-u Tals 1.53] 1, 250 Nafla
“fq'ff Tislls E]Iﬂ 31077 Nalla
49/%0 3,291 158 4,137 39177
54/55 4,665 6,220 D953 34510
59/60 59467 74505 6,911 34672
60/61 59 564 7,980 Ted72 34677
61/62 by 578 8,15 T,9686 44139
62/63 6yd446 8,644 By 404 4129
63/64 74499 9,014 B,127(e) 44734
64,65 Ts390 9,680 B,576(a) 4488

Bourges (a) Unofficisl records of the Division of Agricultural

Marimting Hesearoh.

(b) Gross value of agricultural production was used for
this purposas.

(¢) Includes government payments.

{n. .ili H} L

(d) Micden, J.h. (1965). Domsstio demsnd function for mew

farm machinery.

University, p. 10,

Unpublished Ph.D. thesis,.

Iowm Stste

(e) Gross incowe is calculated on the basis of the total
production index and on an index of sll egricultursl

product prices.

Production Y

1568,

Pood and

agricul ture orgenisation of the United Nations,
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increasad from H4%9 m in 1950 to H1,016 m im 1965. The decrease in the
number of farming unite may &lso be escribed to & change in the method ¢
clasgifying farme, for exswple eince ths 1956/57 census, holdings used
for residential purposes were omitted (16). Oross income per farw is
calculated at B2,300 for Germny for 19'55'}'15{1 which is lower than the
South African or Awerican figures (38, p. 263).

The sgricultural ecomomic system is sugh that the real gains
from the adoption of new technologies ere, in tha absence of price
supports, oftem completely psssed om to the consumer. The technologi-
cal movement of the supply curve to the right will result in & lower
congumer price and theoretically, to lower farm income when demand is
inelastic. Fermers have, however, 8ccording to Table %.10 realised
some of the geins of economde progress, It may be argued that the
overall demand ourve for South African products is fairly elastic
since ahout 400 of the total production is exported. The pricea of
these export products are however not determined by the local demand

&nd supply but by world demand and world supply.

FaDa Structural change in farm size.

In the U,S.A. the average acreage of all census farms
increased by 904 between 1930 and 1960 (76, p. 17)s For the same
period the average farm size for South Africa resained constant.
The decline in the number of fermers in the U.5.L. has been greatest
for units too swall to (a) provide an adequate family income, &nd

(b) realise scale econcuies frow wechanisation (76, p. 17).



TAELE 3.11. NUMBER OF FalRS ACCORDING TO SIZE. 1920 - 1962, SOUTH APRICA.

Size group
(in hectares) 1930 1935 1939 1946 1950 1955 1960 1962
Humbera
0= 85 20,873 22,632 25,320 30,307 34,541 54, 765 31,434 33,447
1714 and over 10,955 11,299 11,339 11,721 11,577 11,881 135,300 13,175
Total mm-“’] 96,940 101,277 107,536 112,453 116,848 111,586 105,859 1.;.,531{'1'
Hectares per (a)
farm (a1l farms) 854 839 803 788 74% Te4 B6T 855
fergeniaes of farms
n e ﬁ' 2115 22-! .23'5 ﬂiﬂ Eg-ﬁ- !‘1-2 EE-T 52 -ﬂ
m - 1.713 5-1 Hiﬁ 5"-1 E‘Ell W-ﬁ- E’Elrz ET‘T 55'1
1714 and over 11.3 11.2 10.5 10.4 9.7 10.6 12.6 12 .6

Soyrce: (1) Agricultural census reports. Report on sgricultural and pastoral production. Bureau of Statisties.
(2) Handbook of Agricultural Statisties 1904-1950. Government Printer, Pretoria.
(2) Union Statistics for 50 years. 1910-1960. Buresu of Census and Statistics, Fretoria.

(a) Pigures refor to 1963,
(b) Undivided farms are included with the total nusber of farss, but omitted from the subgroups.
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Many ressons mey be advenced why farme of different sizes per-
sist @ide by side over time, if constant returns to scale do not exist,
Wher, lebour is abundant, nearly constent coets way prevail emd not much
can be geined by spreading the fixed coste of sechinery over & larger
unit through consolidation of farms., In South Africa the [sctor-fsctor
price ratio, price of land/wage of Bantu labour increésed fros an index
of 84 dn 1945/45 to an index of 147 in 1962/63, The price retio of
capital to Bentu labour alsc increased, but slipped back to the base
period level in 1552}"55.‘ This indicates, that if the merginal rute
of subsatitution between resources is kept constant, that mo real econo=-
mio pressure existed to realise scale ecomomies f{rom nluhlnilltiun" in
South Africa. In the U.S.A. the price of machinery/price of labour
decreased by 50% from 1930/39 to 1950/59 and the price of land/price
of labour decreased by 44# in the same period putting an sconomic inoon-
tive on the Americen farmer to Scquire more lemd (76, pe 10), This uma)
explein to some extent why the size of the sverage Awerican farm in-
creaped by 90% from 1930 to 1960 while in South Africe it remained con=
stent. Also, Europesan fermers have s monopoly right to land. Thay
cannot give up their land unless their farma are consolidated into othe:x

Europesn-owned farus. Product price supports in the two countriss may

* The capital/Buropesn labour and land/Buropesn labour price ratioce
deareased, but since Europsan hired labour is only a small propor-
tion of the labour force, it cam be ignored here, In 1962/6% the
Europsen regular labour constituted 1.8% of the regular Buropesn
ond Bantu labour force combined. Europeen labour probably has o
menagerial rather then a labour functiom.

“¢# The merginal rate of substitution of labour end capital, snd labow:
and land, must have changed with incressed production per umit of

1end (better varieties, etec.), higher quality mschines and the
better education of the labour force.
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have had sn effect on farm sizes. Produce price supports, however,
are expected to have little effect on the resource allogstion, but
rathor to determine the intensity of all resources used.

The writer's opinion is that form sismes will adjust to an
optimum according to technologiocal development without eny outside
interfarence. OGovernment ettention should be directed to forces that
prohibit adjustment such es ignorence, lack of capital and subdivision
of land for speculative purposes.

Parma over 1,714 hectares (2,000 worgen) reported in Table 5.11
increased from 10,955 in 1930 to 13,175 in 1962, This is & percentage
increase of 11.% to 12.6%4, On the other hand farus ssaller then
85 hectares increased from 20,873 in 1930 to 33,447 in 1962 which is an
increase from 21,5% to 32,0 This definitely justifies the comncem
of the State. Groenewald (62, p. 10) elso sentions exsmples where un—
economic farm units comtributed to socil deterioration. The Commission
of Inquiry into Europesm occcupanoy of rural areas concluded that both
large and soall farms encourspe the depopulstion of the White platta=-
land end result in inflatiomary prices of land (138, p. 29).

In compercisl farming aress farm oonsclidation can teke place,
with often only & slight incresent of labour, becsuse of the surplus
capacity of farm wachinery. The remaining operetors usually have
more capital at their disposal &nd gan acquire more of other inputs
such as fertilizer end feed. This should shift the demand curve for
some resources to the right. Farm size is thua affected by the
structurs of the resource demand and in turn rescurce demand may be
influenced by & changing pattern of farm size.

The survivor technigue may shed some light on the optimum



size of farus if farme ere cross tabuloted se in Teble .11, for
hosogeneous breds, Acoording to thism technique the optimum farume
survive in the long run while farms greater or soallor than the
optimue size go out of business. Forms of the optimum size are
thus expected to incredase &t the expense of ferms greater or smaller
than the optimum size.

The Department of Agriculture and Fisheries for Scotland,
discusaing the "Structure of Agriculture” in the United Kingdowm,
clasaifiad farms in sise groups not in terms of acreages but in
terms of standard labour requirementa. The requiresenta are ex-
pressed in terms of "stondard men days" which represent eight hours
of manual work for an sdult male worksr under aversge conditions.
Holdings were further classified ss large, wedium-sized, small and
vary ssall with “"stendsrd men days" requirements of 1,200 or more,

£00-1,199, 275-599 and under 275, respectively (27, pp. 5-7).
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In this chapter produstion functions for the sgriculturel indus-

try and for individusl sgro-economic regions ere reported.

‘-llll

Aggregate production functions sre estimsted from time series

and from cross-sectionsl data.

L

The sggregate and regional cross-sectiomsl production
functions presented in this chapter sre besed om the 195960 agricul-
tural census, which was choeen begsuse it is the most comprebensive of
recent reports. Usuelly & better estimstion is obtained from cross-
sectional dats then from time series dats in s productiom funmction
becsuse of the high correlation between time meries variablss. Crose-
sectional analysis messures the potential response at & point in tioe
in contrest to time series which is based on observed changes in
response over seversl periods (20).

The inputs end outputs for the differemt magisterial districtas,
represent aggregations of all farue on the sssusption that sgricultursl
reagurces and farming conditions and prectices sre relatively unifors
within @ distriet, Deta for the Transkeisn territories snd Zululand
were not included largely because of the relstively high retio of
Bantu to White holders for these aress. All the varisbles sre aver-
sgee per commercisl ferm, sand the nusercus iltesw that hed to be edded
together to get the inpute for thim production” funotion snalysis sre
given in the appendixz. A major part of this work was dome by the
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Divieion of Agricultursl Merketing Hessarch who have used some of these
data for regional income purposes. A brief description of the varis-
blea is given below :-

Qutpat ()

Value of fars production per commercisl farm is takem ss the
messure of output. This figure includes the value of products sold
and products used on the farms.

Gurrent expenditure (X,)

Mont of these inputs are depleted during the course of ome
production seasor and are thus of & short terw nature, with the excep-
tion of repairs to machinery, bulldinges end fencing.
labour (&)

This includes cesh wvages, salsriea snd payments in kdnd of
White and non-wWhite labour. It is thus sssumed that the expenditure
on labour is in sccordsnce with the productivity end quality of that
lebour. Griliches (49, pp. 8-20) showed that when labour is measured
in physicsl nusbers, there is a tendency to overestimate capitel and
to undereatisate libour because of the correlation between labour
quality and capital. This will be the case if labour numbers do not
take into sccount quality differences. If the expenditure on labour
is used instesd of lsbour nucbers then the labour input does tale into
sccount quality differences.

An alternative approich is to measure White and non-White
labour sepsrately., Becker (3) found that by incorporating a dis=-
crimination fector into the cepital verisble a better wodel can be
obtained. He estiwated production as a funotion of labour and
capital for White and non-white labourers separstely. An sdditional
factor was included in the capitel varisble which indiosted that
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economic discrimination reduces incomes of both Whites and non-Whites.

A meesure of the lsbour input sctuslly used is required sod mot
s seasure of total lebour svailsble during the production period (73,
ppe 222, 223). Thus snother edventage of using labour expenditure
dats e in the present study im that thim is alsc en indication of the
labour utilized.

Maghinery, tools spd implesents (X,)

Deprecistion charges are ss reported in census reports snd s
é% interest rate was used to trensfors the capitsl inputs to service
flow unitas.
land (X,)

A %% interest rete on the value of land was used a8 & Deasure
of the flow resource of land. fesl estate velues were cbtained from
the 1960/61 sgriculturel census. Lince the percemtage remeins the same
for all the different megisterisl distriocts, the regression results woul
resain unchanged if stock values were used instsad. The production
slasticities ere not effected by the size of the interest rate.
Livestock (1)

Ain interest charge of &% on livestock was used but there wae
no deprecletion charge.

The ideal wey of meesuring the flow of capitel services im by
using data on work performed by capital assatm, but it is impossible
to obtain these on a mecro-economio scale. For this redson the capi-
tal stock veriable hes been almoat exclusively used in productiom
studies &s » proxy of the capital input. If service flows are pro-
portionsl to capitsl stocks, then it would be immmterisl which of the
two concepte is used in & Cobb-Douglas production (double logarithmic)
funotion. Yotopoulos (151, pp. 476-491) showed that the prectice of
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deriving the service flow input from stock value by applying & fixed
interest charge is incorrect.
"(1) whenever sssets very in their durability;

(2) whemever their age or vintege distribution is umeven, and

(3) when the magmitude of productive services varies with

the age of the seset itself."

In this study, depreciation charges for machinery, toocls and
implements were used and it wes not necessary to wake the proportion=-
ality assumption for this factor.

Percentage of incoms from livestock {EG','I

This verisble ie the percentage of income from the liveatock
enterprises in terms of all income frow the farm. The percentage of
income from livestock was never transformed to logerithms in tha subsa-
quent modals.

The firat entimate is & production function for the Agricul-
tural Industry based on a8ll the above-mentioned factors. A stromg
correlstion between current inputs and machinery exists which has made
it impossible to estimate these variables separately. The simpls
correlation coefficient being rl3, .B36 snd the pertial coefficilent,
rl15.2456, -T75 In order to get rid of the milticollinearity it waa
decided to pool the two variables and treat them a8 one which may be
Justified on aconomic grounds, as & strong positive correlatiom is an
indication of a close relationship. It is interesting tc note that
Heady (73, p. 222) trested the same problem in the seme way. Heady
found & high correlation between machinery end eguipment inpute and
fuel and lubricents. These items were consegquently grouped together
to form a single input category. The production function ehould be

specified in such & way that the inputs within an individusl category
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are se nearly perfect substitutes or perfect complesents ap poasible
while relative to esch other, the categories of inputs are neither per-
fect substitutes nor perfect complements (73, p. 220). This leads to
& more seaningful specification of the production problem.

The regression coefficiente end their corresponding t values
for three slternative models are shown in Table 4.1. The following
verisbles were at lesst significent at the 1% level; labour, current
expenditure and mschinery, liveatock and percentage of incose frow
livaatock.

The megative coefficient of the land variable in Table 4.1 may
partly be atiributed to sulticollimearity. Sisple correlations of
rli = .63 snd r24 = ,566 were high in comparison with the other inter-
factor correlations. The t- walus for land in equation 4.1 was omnly
0.09, This veriable will be further tested in the more complax
model 4.4.

wWhen the percentage of income from liveatock varisble is intro-
duced in equation 4.1, the E° incressed from .549 to .675 in equation
4.1, This variable was sdded to take into comsideration differences
in farming organisations. It was highly significent in equatiom 441;
it made the coefficient of livestoock more significent smd foroed the
elasticity of land in the expected direction (see Teble 4.1).

All the variables are highly significent in equations 4.2 and
4.3. In both models the land veriable turned negetive with regression
coefficients wore than three times the standard error. Equation 4.3
is the treditiomal productiom function estimating the separate
influences of lend, labour snd capital. The t- value of capltal
itema is more than twenty which is sxcepticnally high.

When the elasticities for current inputs end mechinery, labour,



TABLE 4.]. REGRESSION COEFFICIENTS OF PRODUCTION FUNCTIONS FOR SOUTE AFRICA 1959/1960.

Current
Current expenditure Feroentage
expenditure | machinery of income
and and from &
Equation B Constant | df | machinery livestock Labour Land Livestock |liveastock I elasticities
Lok | G | % | 5 | %
51'%) [e15 | - 353 |e29| L3364 +.29% | - .0064 | ¢ 3%7 | - .00m .945
(t = 4.93) (t =2,74) | (¢t = 0,09)|(t = 12.57)|(t = 5.74)
l.E{b} 549 | - 167 |230 «5265 « 3916 = w04 + o5l - "
(t = 6.58) (t = 6.12) | (¢t = 3.27) [(t = B.72)
430 | a6 | 1.4 |om L9512 2035 | - 2047 -
(t = 21.22)[{t = 5.29) | {t = 4.10)

{a) A1l varisbles are tranaformed to logarithms sxoept IE
(6) All variables are tranaformed to logarithms
The total correlation between land and percentage of income from livestock, r46 = .23 which may be considered as low.

-
AS a result of the negative land wvaluea, the returns to scale weres not shown.
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land snd liveatock sre edded together, the returms to scaele is equal
t0 .945 in equation 4.1,

Beceuse of the immense differences in natural conditioms in South
Afrios, dussy varisbles were introduced into the model to mccount for
some of the differences emonget sgro-econowic regioma.

Dussy varisbles will only be effective in production models if
the production funciions have the same elesticities for the various
regions but ere on different plenes ebove one Snother. Heglonal wodels
reported in this study show variations emongst regions so that the scope
of dummy verisbles is limited in this snalysis.

Varisbles 17 up to IIE represent dummy varisblea for each of
the Agro-economic mgim."

X, =1 4if A region, 0 otherwise X, =14f B reglon, 0 otherwise

xg-lifﬂngimﬂuﬂurﬂn xm-lunnnnn,um-m-

b
43

xlﬁ-lifﬂngim,ﬂuthﬂin Ilﬁnluﬂmimfﬂnthl:ﬂn

1l if E region, 0 otherwise !.n-lﬂl'nrl.un.ﬂuthniu

1 if H region, 0 otharwise m-lﬂlm,nnm

If Xy = Xg = Xj @ carsneseassns Xyg = Oy thon ¥ region.

. Jobnston (B3, p. 223) shows that changes in slope of the regree-
sion can be meapured using dummy variables by introducing sn intersction
term involving the dummy variable snd the X variabtle., This technigue,
howevar, is only pracotioml when the nusber of dummy variables and othar
independent variables are few. With the large nusber of dummy snd other
variables presented in this snalysis it would not be possible to estimsts
ell the possible intaraction terums.

. For a discussion of the Agro-sconomic regions see Section 2.3.
ee Umnliahumluunthnth-utrunrn-urmnd
oroes products (X~ X) remsins non singuler by dropping the verisble for
the V region. Another approach would be to eliminate the intercept ters
and fit the model with all the dupmy varisbles. In the conventional
computing progrecmes the intercept term is sutometically computed and the

latter procedure consequently btreaks down since the metrix cannot be
inverted.
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These variableas cannot be trensformed to logerithoe becsuse of their
tero-one nature.

Iue to the pertisl success of imtroducing the percentage of farm
inocome from livestock into model 4.1 it wes decided to experiment furthe
with this variable snd to make more allowsnce for differences in tha out
put mix, It stands to resson thet livestock inputs and ocurrent inputs
say have different serginal producte om livestock end crop producing
farus.

It vas stated earlier that with the introduction of dummy varis-
bles it wves sosused that the production fumctions for different regions
have the same elssticities but that they can be on different planes.

By saking the coefficients dependent om the cutput mix, sn sllowsnce osn
be made for different marginal products of the same fector for different
regions.
log ¥ = = 2412 + 7303 log (X, + 13} = «006318 X, log (X, + 1}}
(t = 4.48) (t = 2.50)
+ 002950 "‘E log J{E + 0847 log 14 - 002536 ‘"'6 log 14 + 0.1009 log 15
(t = 1.29) (t = 0.50) (¢ = 1.08) (t = 1.40)
+ 005177 X, log 15 - U.1084 IT = 1447 X, - 3310 Ig = 4331 X, .
(t = 4.51) (t = .76) (%t =1.00) (&= 2.16) (t = 2,62)
= 03754 Xy = 2968 Xyp - L0436 Xyy - 42692 X}, - L1792 X, = 44300 X
(t=2.48) (t=1201) (t=0.30) (t=1.63) (t=21.18) (t=2.79)
Fed
B = 707
df = 217
In model 4.4 the verisbles cen be specified as follows: current
expenditure, X,; labour, X,; wsechinery, X;; land, X,; livestock, X5
end percentage of income from livestock, 15. The other variables are



dumery varisbles representing Agro-economic regions. The joint hypo-
thesis that mll the dummy veriables ere zerc was rejected at the Le
laval.

additional reduction in sun of aquares / musber of dussy

due to dusmy varisbles, varisbles fitted,
Figr *hi.® residogl mesn square

- .

The dummy verisbles may be interpreted ss an index of technicel effi-

odemoy (B0, ps 48). As such these varisbles may indicate thet re-
pources are used more efficiently in certain regioms thsn in others.
The partial regression coefficients of the dummy varisbles show the
rosourca productivity of the regions estimsted in terma of m;har.

It appeare as if resources are used less efficiently in the following
rogions, Cy, Dy, E and 5. In these regiona livestock plays & prominant
rtle (see Teble 2.8). In the following crop producing regions re-
sources are umed sore eofficiemtly; A, B, H and K. This implies that
given the same ssount of resources & greater output is obtained omn
farns vhare the greater percentage of income is from oropa.

In this context it is of interest to note that Groemewsld (61)
showed that prisary resources in crop and fruit farming increased by
epproximately 50% while the index of resocurces used n livestock ferm-
ing remained comstant during the period 1945/46 $111 1962/63.
Groenewald, however, could find no significant difference in the in-
crease in the physical yield per unit of primery production for the
thres sectors. The coefficionts of the cross product varisbles
(x; log X,y X log Ky wee ete,) can be expected to be positive for
livestook sssociated inputs and negative for orop sesociated produce-

tion fsctors. Current inputs and machinery are used mainly on m crop
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producing fars end from the sabove equation it cen be seen that the co-
efficient of X, 1n.5[11 + l}} is negative. Livestock inputs are of
more ioportanoce on &8 livestock farw sxplaining the positive sign of the
coefficient of X, log X;. Thus the sore important liwstock is in
an agro-econowic region the higher will the coefficients of livestock
be and the lower the inputs not sssocisted with liwestock enterprise.
Teble 4.2 shows the elsaticities of production faotors for &
livestock farm with no crops, a8 crop producing farm with no livestock,

end a farm wvith the sverage mix of crops snd livestock.

TABIE 4,2, PRODUCTION ELASTICITIES OF CUREENT INPUTS AND MACHINERY,
LADOUR, IAND AND LIVESTOCK FOR: A LIVESTOCK FARM, A CROP
PRODUCTNG PARM AND A PARM WITH AN AVERAOE MIX,
SOUTH AFRICA, 1959,/1960,

INFUTS
Current
inpute
and Ha turna
lischine Labour Lapd | Livestock to
Types of farms | (X, + )Lj (%) {14} (15] soale
Livestock farum 1“5&5 1295:' - -lm ;E‘:H IM}E
(1005 1ivestock)
Crop faru «T3503 p ol «71
G 3 teatronk) 0847 009 9159
Faru with average
mix {?9.91;;- live-| .3518 «AT67 | = J06T2| 4111 0724
stock

The returns to scale for & crop farm is 9159 and for a live-

stock fare ,8432, suggesting that the econozies of scale are lass on
8 livestock producing farm.

It also appears as if land is more in

“"over supply” on & livestock farm than on & crop farm.
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It i interesting to note tha wide varistions in alasticities
(and thus mergiral products) for the same fector for different types of
farus. For exsomple the elasticity of ourrent inputs and mschinery is
.T303 on 8 crop farm snd .09685 on & livestock farm. The elastioity of
livestock is 6186 on & livestock farm apd 1009 on & crop farm. The
alasticity of labour is not shown for the crop farm because the coeffi-
cient of log X, was found to be non significent in model 4.4, The
coefficient of L log X, in the sane model becowmes mero for & orop
farm (0% livestock).

Looking at the elasticities for the aversge mix farwm and coae
pering this with equations 4.1 and 4.2, it can be seen that by allowing
the output mix to vary, tha livestock input has been given & much wore
prominent rfle at the cost of inputs not essociated with livestook.
Iabour slsc suggests a much higher marginal product on & livestock then
on &8 orop farm which may be becaAuse labour camnot be substituted to the
same extent on & livestoock farw &s on @ orop producing farm. Heady
end du Toit also found a high marginal product for labour om cattle
renches in the Esstern Ealahari region (73, p. 605).

land indicates a positive marginal product on & crop producing
farm but & negative oarginal product on & livestock farm, By allow-
ing for differences in output mix Griliches (55, p. 426) found a
sizilar reeult. His result is concesled in & table. However, he
did not find o negative coefficient for the sverage farm which may be
the resson vhy he did not refer to it. Un 8 farw of the aversge mix
the land variable agein tums out to be negative. This result is
enoouraging end tends to explein and pupport the negetive warginal
product of land found in equations 4.1, 4.2 and 4.3,
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Jelslals Estimstion of the production function using
1 coapone .
The object of componemt anslysis is to eoom=-
pwize in the number of varietes, To achieve this linesr transformatiom

of the following type ere sought where p wvariates 11 PR IP are ob-

gerved on
P
L. = 3 aidX, 1= . F 445
ey J

n individusls (86, p.10) (96, pp. 36-40).

The coefficients eij are chosen so that the new variate =1
hap a8 lerge B varisnce 8 poasible; +the second :E is choaen to be
unoorreléted with the first snd to have as large a varisnce aa poasible;
and so on. The X veriates sare thus trensformed to new uncorrelated
variatea which Acoount for & much of the varistion as possible in
descending order,

4 principel couponent emelysis throws light om the following
probleme; (8) how meny varisbles should be taken (b) how to get
rid of multicollinearity. DBecause of high intercorrelstions between
explenatory variables previously mentioned, this snalysis wes carried
out on the rescurce use and production data of the 235 msgisterial dis-
tricts obtained from the 1959/60 Agricultursl Census.

Latent roots end coefficients of the linear orthogonal trans-
formations are presented in Teble 4.3.

The largeat root M= 2.74, thus the first orthogonal variste
{ E]_:I accounted for %ﬂx 100 = 4&% of the varistion in resource
use. The first two cowpoments sccounted for 6%, the first three
components for B%» and the firet four componentas for 9%,

The effective diwemsion of the varistiom cen thus be reduged
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TABLE 4,%. IATENT ROOTS AND COEFPICIENTS (eij) OF LINEAR TRANSPORMA-
TIONS. HUMBER OF OBSESVATIONS = 235.

A 5 X - 4 x5 6

Percent-
age of
Current Machinery, incone
Llatent | expendi- tools amd from
roots ture labonr |implements Land |Livestock | Livestock

2.7404 5192 4845 5415 4245 | - ,0686 |- L1314
1.3109 1045 | - 1666 | - .0286 +4086 «4830 « 7485
9079 1289 0556 0532 |- 2763 8579 | = 4063
<6304 | - L4978 «5854 | - .4140 +4450 1361 | = 1468
2765 | - 3202 = «5B1% . 3087 « 3450 0512 | = L4040
«1339 | = 5950 « 2296 BE0E |- L2841 0695 2695

from six varisbles to three or four varisbles.

The first cosponent sccording to Teble 4.5 is
Il--519211+-4-ﬂ4512+.541513+ --JI-EIIIJ':HN'-‘.--.IIIEIBEI..‘,'--1.?-1-1-‘;I
end the second cowpoment is 4.6
Cp = 41045 Xy = 41666 X, - 0286 X, + o4006 X, + 14830 X, + .7485 X

4o
The other compoments can be read off in the same way from Table 4.3.

Through imspection of Teble 4.3 it sppears s if the following
four linear cowbinstions of veriables acoount for about 908 of the
variation in the resource dsta. These trepaforestions are obtsined

by uaing variables with similsr or dominant coefficisnts. For exasple
to obtain

:1-11*'12*;3*14 -E}--I.4+Is-15
Yo < AET T by oy v 5 - % 2 3

4.8
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the first tremsformetion [I-l] it can be seen from Teble 4.3 that the

poefficients of 11. I!' 15 and 14 are all approximstely equal

while the coefficients of X, end X, sre cozparatively amall.

5
Proo these linesr trensformetions & very interesting result
emerges, namely, that the crop associsted inputs {11. Ly 13 and
xdj tend to group together in I, amd :4 while the livestock
associated inputs tend to group together in EE and E}-
input sppears in all the components probably beceuse land is & common

The lend

input to both enterprises, Tha varisbles eppearing in Es gnd £ 4
are negetive because the variance of two variables can be explained by
their totals and their difference. The grouping appears to be natural
end variables in the group ere complementary. I1f desired, the data ma}
now be pooled acoording to the matural groups before applying multiple
regression analyses, This wvas not dome es the presence of the land
varieble in both I, and {, made it difficult to interpret these
groups in an economic way. This principal component snalysis highlighf
agein the estimation problem srising from the fect that the bigger farm
use more labour, more mechinery snd more current expenditure than the
smeller farmas,

In meny ceses, the components do mot bave an idemtifiable
separate existence. Kendall (086, pp. 26, 27) reporta a study under-
taken by Stome, where the latter tried to interpret his cosponents.
Stone correlated his components with the original verisbles and found
that the componemts could be idemtified by an equal number of original
varisbles. This may be useful for example in a demand model whare
the complex of other prices can be presented by a componemt or two.

In the present study, interest is centred st the esti=stion
of a model
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I = ﬂn*ﬁﬁ**“ﬂp‘p +¢ wvhere Y is production, the Xivg
are resource inputs and ¢ is a rendom error.

Having done & principal cooponent amalysis on the variatles
oo .J:p, T may nov be written as a function of the new compo=
nents ::I. vhere the a's are linear functionas.

P

T'iinu'j IJ+¢ 4.9
of the p's.

The a's for the model in question were cooputed using the
procedure outlined by Stome and reported in Kendall (86, pp. T2, 73).
The simple correlations between Y and the Xi's are as follows:
ryl = .4353, ry2 = ,2360, ry} = .2370, ry4 = ,1040, ry5 = ,5187 and
ry6 = ,0620, In order to caleulate @, the regression coefficients
of the X wvariables in model 4.6 are also required,

o - ke ((-4:53}-:.5152:-+{-4a4a}t-asﬁuht.mﬂ}(.ﬁuﬁ}

+(.1040) I[-4-'!45]+{.alu?}{-.uﬁaﬁ}+{-.uﬁan}{-.1514})- +1656
Simdlarly, the other o 'a were computed as

“‘2 = 2962

“3. = L8599
HL -.0157
With the verisnce of Y equal to the one, the contribution of €,
to the totel varimmce is }, niE- The first four compoments contri=
buted the following percentages to ths total production veriance

t, = T.00%

IE = 11.668%
:5 = 67.13%
€, = .02%
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The first three components explained 86.67% of the varismce in productic
The fourth component was dropped becéuse of its insignificent comtributi

The production funotion cen now be deterzined by substituting fo
the a's end {'s in oodel 4.9

Y (sbout its mesn) = .2301 X+ 0805 X, + 1291 1} - 0437 1#+ +B700 X

e Ny 2 - L867
if = 228
410
It is very interesting to note that the land variable {14] again
turned negative. This confiroe earlier results estimated by multiple
regression. The signs of the other fmctors of production {11. X
Xy end 15] are ss expected. The sign of X, can be elther poaitive
or negative sa this varisble measuree the percentage of incoue from
liveatock. Using sultiple regression it wes sarlier found not possible

to satimete the separete effects of 11 and X Dua to high correla-

5
tion, one of these variables slways tumed out negative. Hy orthogon-
elizing the X-matrix it does sppesr as if s moTe ressonable estimete
is obtained as both variables are now poeitive,

From model 4.10 alasticities of production were caloulated for
Ly K 13. 14 and 15 reapeatively as .77, .13, «09, -.10 and .351.
The variable input, cwrent expenditure, appears toc have by far the most
important influence on production. Um the other hand, the machinery

elasticity is lower than expected.

The treditional spproach in the estimation of produc-
tion functions is to estimate simulteneously in one model the partial

contributions of the relevant inputs, on the besis of time seriss or
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oross-sectional deta., Becsuse of multicollinearity, inputs have to be
restricted to & limited number of highly sggregate varisbles like labow
capital end land. Iue to the increase in cost it is usually not posais
ble to increane the degrees of freedom to an extent sufficient to esti-
mete zore tham four inputs.

Another approsch is to estimste production Nnctions by means of
factor sheresa. ‘The share of a factor in the total production is de-
fined as the expenditure on this fector divided by the value of producs=
tion. (133, pp. 219,220) (136, pp. 1462-1467) (137, ppe 613=631). 'This
approach elimingtes the tedioua problem of multicollinearity, but
assumes that en adjustwent to equilibrium preveils in fectore shares.

In equilibrium, the werginel product for a resource (A) in pro-

ducing Y 1s equal to the rlut-nrfprnduut price ratio.

-HPEII"IIMHI-E-E'-& 4a11
If 4.11 is sultiplied by AY™> then the elasticity of resource 4 is
equal to the factor share of rescurce A as in eguation 4.12.

Elasticity of A, 5, =&k, 4. %tr + & - uotor abare of 4 (7,)
*IPI is taken ae the groses valus of sgricultursl production 4al2
and AF, @8 the total feotor expenditure.

On the basis of unpublished date of the Division of Agriocultural
Marketing Hesearch, factor sheres 8re computed and shown in Table 4.4
from 1949/50 = 1965/66.

Factor shares of labour, fertilizer, fuel snd mepair charges of
all machinery, farm feeds and dipe end spreys end other opersting
inputs were based on expenditure data. land snd livestock sssets were
converted to @ flow input by taking 5% end & interest charges recpec-

tively. Omn sll faru mschinery 15% deprecistion and &% interest charges



TABLE 4.4, [FPACTOR SHARRS FOR AGRICULTURAL INFUTS. SOUTH AFRICA, 1549/50 - 1965/66.
All farm Fuel and

machinery repair charges|Farm leeds
Forti- Land (15% depreciation| Livestock of all dipe

Year |Labour | liger [(5% interest)| and 6% interest) |(6% interest)| machinery and sprayse
49/50 | 2087 | .0352 1322 1153 L0672 L0755 L0273
50/51 | ,1574 | 0270 L1054 1042 L0513 L0639 L0208
51/52 | .1991 | .0326 1453 1382 0665 .oa%a L0251
52/5% | ,1804 | .0274 292 1211 0625 L0681 L0218
53/54 | .18%8 | .0268 JA347 1270 L0635 L0728 L0208
54555 1879 | L0514 1443 1418 L0656 L0819 0228
55/56 | 1693 | ,0340 1439 13497 L0628 L0A14 L0245
57 1774 | 0589 1470 1422 0723 0840 0249
9| 1872 | .0410 .1453 1303 0715 0929 0524
50/60 | ,1698 | .C422 1450 .1319 L0665 L1016 L0%18
60/61 | .1642 | L0409 1480 1280 0644 0975 L0318
61/62 | .1705 | .0458 467 1264 0634 0964 L0345
62/63 | .1578 | L0450 1834 .1001 0602 .0915 0344
63/64 | .15% | .0512 1467 1166 L0610 L0876 L0152
64/65 | 1460 | .0492 1422 .1098 L0505 0816 L0341
65/66 | .1419 | .051% 1441 .1089 L0601 L0752 0348

Fized
inmprovements Other

(624 interest and|operating

4% depreciation)| inputs
1257 L0427
1046 0338
1347 L0420
«11%0 L3372
1076 0412
1107 .0440
«1107 0435
1040 0422
1160 Q452
.1152 .0455
-uﬂg Jm
.1094 0515
L1076 SIBET
1077 0526
1022 L0504
1015 0518

‘68
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were sdopted, and for fixed improvements & interest and 4e deprecistion
gharges wers used,

hocording to Table 4.4 labour's chare of the total output de-
glined rapidly while the shave of fertilizer, farm feeds and dipa “d-
aprays end other operating inputs increased. Factor shares of the re-
mining inputs dld not show definite trends.

4.1.2.1. Estisstion of clssticities by ordinsry
lesst squaTes.

If equilibrius quantities of resources are
used then the factor shsres in Table 4.4 are elasticities of production
for the corresponding yesrs. This eguilibrium sssumption is unreslis-
tic and to avoid this it is sssumed that the employment of a factor
tends to en equilibrium level && will be shown by the fellowing distri-
buted lag model,

P, - Py - B[R - P) 4T 413
vhere P, is the actusl factor share in year ¢ (experditure on
factor divided by total production), E{ 1is the oquilibrius factor
shere for yeer %, b the sdjustoent coefficient and lIt & randos
erTor,.

This equation can be estimated by lesst squares (L.5.) es
follows:

F, - ¥, = BB - WP ., + U, 4414
wha re 'hE: is the oomstant term in siwmple linear regressiom. E: can
thus be eatimeted by dividing the constant terw by the adjustoent
coefficient b. The production elssticities for the mine input cate=
gories are pressnted in Teble 4.5 in the last row, In this {able the

elasticity of 1and ias shown to be clearly positive. Equation 4.14
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was eatizeted for eech of the nine input groups end the results are alsc
presented in Tatle 4.5. The F-velus of the totel regression is alac
reported for each input.

TABLE 4.5+ ELASTICITIES AND ADJUSTHENT COEFFICIENTS OF NINE INPUTS

IERIVED FAOM SIMPLE LEAST SQUAHES EQUATIUNS.
15949/1950 - 1965/1966.

Fusl &
rapair
charges Fara
All of all feeds | Pized | Uthe:
farm farm | dips io=- | opar
Ferti- osohi= Live-|mechi-| and proves= atiny

lizer |labour|nery Land stock] mery

graye
) | () | ) | (x| () | (X | () | (Xg) | (%

Cons tant
tern ,0026| 1026 ,0763| .1103| 0587 .0304.0038 | .1294 | .020
b 0417 L6517 J6032| J7037| .9279| .3567(.1196 [1.0804 | .202
F value
S [93¢ |10 624|932 238 321 [ 1863 1.4
gion
g8 | .o61s| .1574| .1265| 2408 .0633| .0852(.0319 | 41205 4048

Becsuse E; 1o estimeted on o relstively short period (17 yoars)
it cen be sssumed that R: did not change very mach. For a longer
period it msy be more realistic to break the period downm into more tech-
nologlcal honogeneous périd.

deleleds Eotimation of elesticities by autoregressive
lesst squsres (A:L.3.).
In estizeting equation 4.14 it wes explicitly
sesused that the error U, 4s rendom (E(U,) = 0). The error ters in
equation 4.14 tends to be sutocorrelsted when estimated by lesst squares

a8 in section 4.1.2.1, resulting ir bissed and inefficient parameter
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egtizatea.
If seriml correlation exists the model cen be specified ase
follows:

P,-P . =bB}-F )+ 0, 4all

In & first order sutocorrelated schese T, = U, , + lt'lﬂlﬂ g is the
sutocorrelated coefficient and g 18 normally distributed. This is
the sisplest form of scheme.

The scefficient P cén now be estimsted by sutoregressive lsast
DOUETEE .

bultiply 4415 by p and lag the squatiom as in 4.16,

BRy_) = By, = DEEL ) - bR, o+ @ 4415
Solve Eit-l in equation 4,16, Then sclve Et using the first order
sutocorrelsted schems U, =PU, , + g+ Having found the velue of U,
gubstitute this in equation 4.15 and rearrange terms to get equaiion 4.17.

P, b{E} -p8} ) +(1-b+p)f_ +(b=-1)a0_,+e, 4417

Iff = 0 thon equation 4.17 reduces to the least squares model.

Tha sutocorrelated and adjustoent coafficients can be estimmted
from the partial ococefficients of F‘ﬁ-l and !tr-z'
Tha slosticity estimate cén be ssticated from the constant term

e

hlf.'.t = L—E:_l J = constant teru 4.18

h[l - :{F: = constant teru 4«19

R:_I:Latppm:luhdwlz

E =
t E:{ELPl-ﬂ 420
Equation 4.17 was fitted for all nine inputs in a log trans-

formmtion and in an original form to see whether it could improve the

loaot aquares fit as deterwined by am F test. In all the cases whore
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the least square's fite were unsstisfectory s substantisl isprovesent

won obtsined Ly the sutoregressive lesst aguare (A.L.5.). For example
the F volue of regression improved for farm feeds, dips and sprayn from

o very low .6l to & high 26,04 ond for other operating inputs from 1.54

to 15.25.

4.5 and 4eba)e

(Compare the P walues for corresponding inputs in Tables

DABLE 4.6, ELAGTICITIES AND ADJUSTMENT COEFFICIENTS OF INPUTS IERIVED

FROM AUTOREGHESSIVE LEAST SQUARES (A.L.S5.). DATE IN
ORICINAL FORM, 1949/50 - 1965/66.
Fuel &
repair
charges
for all Parn feeda, Other
farm dipa end operating
Farame tera Labour machinery Bprays inputs
(%) (xg) (47) (Xg)
b(1 = )i} 056 (0298 L0030 0106
{1 - b + ﬂ} lﬁ'ﬁﬂ -Hﬁﬂ lm:l -EE?T
(t = 2.0) | (%= 1.48) (t = 3.08) (t = 2.52)
(b - 1) «4858 « 3202 « 3255 2713
(v = 2.18) | (¢ = 1.42) (t = 1.55) (t = 1.33)
4.93 6.01 2604 16.29
ﬂ- 'lmj --m 'liis‘ __-jirll'
b 034 238 L0351 «150
:: « 5516 L0625 L0731 L0530

The A.L.B. were further used only when the valus of g was sig-

nificant.

The h.L.S. equation wes fitted in logerithms and original

values but the latter was nhuminaﬂmmthh-hnfﬂﬂurﬂz

and more realistic parameters,.

The labour snd fars feeds, dips end sprays elssticities of the
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4.L.5. model sre double those of the L model, The other two elasti-
eities of Table 4eb show s moderate change on that of Teble 4.5, When
the four elssticities of Table 4.0 were used instead of the correspond-
ing four of Table 4.5, the returns to scale of &ll nine inputs came to
1.02.

The adjustoent retes in Teble 4.0 indicete & very slow movement
towerds equilibrius, In equation 4.11 equilibrius is defined as the
condition whim the morginal product of the rescurce is equal to the
factor product price ratio.

441.3. Evaluation of factor shéres snd cross-sectionsl
elasticitien,

The pethod of estimting elaesticities by factor sheres
does not take into Bcoount intermotioms of production factors as would
be the omse when all factors are fitted in one production function.

As was pointed out before, the problem of sulticollinsarity doss not
exiat in the faotor shares approach and no theoreticel limit is placed
on the number of inputa. For the estimetion of the perameters of lamd,
livestock, all farm machinery, and fixed improvements a factor (interest
snd deprecistion) was spplied to convert all these inputs to flows. In
8 direct production funotion (like Cobb-Dougles), the megnitude of this
converaion factor does not influence the magnitude of the elasticities.
On the other hamd in the factor shere's method, these el@sticities are
directly influenced by the comversion fastor chosem by the researcher,

Ioaring in wind the pros and coms of both procedures it was

decided to comstruct an oggregete production function (Equation 4.21)

on the basis of results from the two studies where the variables are

explained in Tebls 4.5 end l.l is the constant term
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Ho sophisticated welghting scheme was used to derive the elssticities,
dapicted in equation 4.21, from results of both methoda, Elasticities
were ohopen from the cross-sectiomal production function models and

from tablea 4.5 snd 4.6. In casea where elasticities were estimated
uging both procedures 8n approximate average elastioity was taken de-

pending on tha reliability of individual sstimates.

414, atitution be fae

The elasticity of substitution between 11 and J'-'.E is
defined here a5 the percentage change in }’.'1 associsted with a 1%
change in X, with output unchanged (69, pp. 144-145) (76, p. 54).

This definition differs from that of Allen (2, p. 341).

= . _ﬂf "
E2.1 %1 % mgxll_{,z %Lf'-%!i de22

The elesticities of substitution between the nine inputs are presented

in Table 4.7 whare the column elasticities ere divided by the row

elagticitien,
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TABLE 4,7, EIASTICITIES OF SUBSTITUTION HETWEEN NING INPUTL.

Fuel &
repair | Farm
charges| feeds| Fixed| Uther
of ell| dips im= | oper—
Ferti= 411 fara Live= faru aend | prove- ating
lizer |labour|machinery Lend | stock | mechinery spreays memts| inputs
() | () | Xg) | (X | (Xg) (e | ()] )| (%)
b2 |
12 “-m -1
Ij =,4668|=1,6811] =1
Lq "i'”lﬁ‘ -ElETE '115’3“' "‘1
15 = 2T0|=1,000] =.552 | =348 |=1
Xg| =984 =3.,651] =2.016 [-1.270 |=3.651 -1
I-; --ﬂ@ -5-151 -1-1'45 -1-‘:'95 '5!151 -hBE:} -1
Xy| =+555|=2.076] -1.144 | =720 1-2,076 - 568 | -.6581-1
19—]..;155 -41}*3 "‘2’-595 -].-m -4.3#5 -1-15'9 -Li'n -2-“95 .1

According to Table 4.7, & L+ increese (decresse) in labour will
regult in & 1.81x decresse (incresse) in machinery givenm that productiom
ig unaltered. The elasticities of substitution of labour with respact
to the other resources are mmwmyﬁt a greater tham propor-
tional ineresns of thase reeourcen 'I.u néceasary to release & given par-
centage of farm labour, with production unchenged. The following inpute
have ioportant substitution relationships with labour: lawd, all farm
mchinery and opermting inputa.

Using cost data for the five year period with mid-year s 1960,
the cost of the resources mey be illustrated. Rl.58 m worth of farm

labour can be relossed by en sdditioral invesiment in sechinery of
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R9.25 m. According to the coefficients the same reduction in famm
lebour could also be effected by en additional investment in fertili-
zars of Hl.22 w. 4 1% incresse in fertiliser use could also release
.JE% of farm land. This implies thet sdditiomal purchases of fertili-
zer by H.53 w could release H19.,12 o worth of sgricultural lamd. The
substitution really exists between fertilizer use snd the spproximately
10 million hectares of erable land send land under persénent cropa. The
marginal rate of substitutiom of fertilizer for lgnd can be expected to
decresse rapidly in future as & result of diminishing returms from
greater applications of fertilizer. It can thus, from a pure produc-
tion function context, alsoc be expected thet fertilizer alome will not
bave nmumericsel substitution rates for land as large &8s it had over the
past yeara., Lsss lapd in the future will thus be substituted by the
pams smount of fertilizer then at present.

These substitution relationships between labour, lond and ferti-
lizer are important because fertilizer is subsidized by the State. The
effect of an inocrease in one resource on other resources depends in
prectice on the factor-factor relationshipe. Heady (69, p. 194) dis-
tinguishes between three relationships; economlc substitutes, economic
complaments and technical complements. 4 subsidy of fertiliser has &
stimulating effect on production in which cese the sstimeted amount of
other respurces is not released. Pertilizer and farm machinary are
expected to be of s technlical complementary nature snd fertiliszer sub-
sidies mey lead to greater mechanization.

4 1p increase in machinery is estimated to release 1.58% of
agricultural land from production, sssuming production remeine constani.
Thus sn additional investment of RS5.11 w in fsrw machinery could

release BJ9.00 o worth of sgricultural lsnd. The level of productiom
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elso reseins unchanged if lend is reduced by 1» end livestock increased
by .3%%. Faro leaders in South Africe heve, however, comatantly
wvarmnad sgeinst overstocking in certain aress (122, p. 3) (33, p«9)

(62, p«10) (95, PPs 5410). In those areas livestock and land must be
seen as technical cowplements, Livestock end farm feeds, dipe end
gprays &ma also of & coaplementary néture.

Another relstionship of interest is between land end fixed im-
provementa. One peroent of sgricultursl lsnd can be relessed by in-
creasing investwent in ioprovements by .72%. Thus an additionsl
B6.72 w investoent in ioprovesents is expected to relesse B24.72 m worth
of farw land. lore investment in fencing end irrigation improvements
come to mind here. By farming the remainder of the land wmore inten=
gively output can be maintained.

The warginsl producta of the verious resources are also indi-
cators of the expected change of factor use (section 4.l.7.l.). In
sections 4.1,.7.2 and 4.1.7.3 the substitution between resources is fur-
ther illustreted by showing that the sawme output cen be produced whan

less of certsin resources are used and more of others.

£+1.5. Elasticity of dewsnd and supply of inpufs

4+1:541. Theory om derived factor demand
In the mimpleet form the demend for & faotor

can be specified in terss of the femctor and product price. The per-
centage chenge in use of & perticulsr input corresponding to a 1%
change in factor price is called "the elasticity of demand", and
corresponding to @ 1% change in product (or competing fector) price
is ocslled "the cross elastiocity of demend",

Under the profit saximizing principle, each input is used
until the serginel velue product equals the warginal factor cost of
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the input. This osens that wvith a two factor Cobb-Douglas production

funotion,
I = .1:" 1:‘ Ja23
vhare :I:2 is held comstant, .l.l is employed until
P
2. b=l lp dedd
§ - ol - 2
the demend function for Xl, kseping 12 constant is
= '1..
X, = bﬁ‘?ﬂﬁi th-hl 4425
The ocroes-elasticity of demSnd is lfl-hl and the direct elassticity of

dezand 4im ﬁl-, so only one is usually given.

Edwards, (34) using 8 demsnd function similar to equation 4.25,
sayes thet the Cobb-Douglss production function implicitly sssumes an
elastic deménd for all factors of production under comditions of

diminishing returns. For example, using the demand elastioity for the
=1

l-hl

O0<h ¢ 1 = - < Elaatioity of factor demind < = 1.

firat input end substituting different valuas for hl than

Under diminishing returns the dewand for inpute will numerically always
be grester thon one.

This conclusion is gorrect for am individual firm with a per-
fectly elastio demend for producta but does not hold for the industry
urless ite demand is also perfectly elestic. Thie will be shown by
using the two fuctor production function of equation 4.23,

The werginal velue product functiom for each input is derived
from equation 4.21.

911 - nblllh":'i:’ﬂ! 4.26
By = @ “-1,}‘11», 427
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2
is the product price.

where Ezl. and P: are prices of 11 and 12 reapectively and F‘I

The supply functions of inputs say be specified as:
R -8 —
g 4.29

whore o _'s are the supply elssticitiea for the inputs.

i
The product demand functiom is

Y= {P‘E}. vhere e = elasticity of product demand. 430
Bquations 4.23, 4.26, 4.27, 4.28, 4.29 and 4.30 comprise a oome
plete systen determining unique valuea for ¥, P‘l" 'Ll.' Moy E".l und
PIQ" By keeping other input quantities comstant or other prices con-

stent this closed systen is unlocked.

(1) Other input quantities constant
Determining the elasticity of demand for the firet input when
other input quantitiss are constént, equations 4.28 and 4.29 can be
dropped becsuse any desired mmount of X, is asoumed snd X, is fixed.
Bepesbering that Y, P‘I’ JL_l and sz are endogenous variablea
snd .E'H ond X, are considered exogenous, then the reduced form demand

equation for the first input can be computed as follows:

P"'.I.- “'1‘:‘ '11231’.! = l'nlﬁh" .lx?r]'j'
- .311‘:1' xzhn.lf 'llbif‘x_zhgf"i - K H'I.hi {1+1fi}-lx'2b,{1+1f|}

The comstant K is not of any interest hore.

The elasticity of demend for the first input whem other inputs

are held constant ia:
E = 4.51
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In Table 4.8 different fector demend elasticities are derived for oer-

tain product demsmd elssticities frow equatiom 4.31.

TAHLE 4,8, BELATTONSHIP BETWERN THE KLASTICITY OF DEMAND FOE A
FRUDUCTION FAUTOR AND THE ELASTICITY OF [EMAND FOR
THE PRODUCE WHEW OTHER INFUT QUANTITIES AHE KEPT

CONSTANT (HYPOTHETICAL TATL).

___ Pctor depsnd lastiolty
vy | th | w-h

o 0 o

-5 (=b, - iy -2.5

a -1 -1

-5 {..E.hl - 1}'1 -155'

e (b, - 17 -2

From Teble 436 it cen be seen that the demsnd for one imput,
when quantities of other inputs are held constent, is elestic of wnit
elanticity or inelastic as the demand for the output i» elastioc, o
unit elasticidy or inelastic. Also if the demand for the product
is perfectly elastic, then the factor demsnd reducea W 51 ."1_11
which is the ssame elasticity ss that indicated by equation 4.25 whem
the product demand wea ignored.

Factor demand elamticlties cen aleo be determined when other

input prices are kept conatant.

(£2)  Other input prices constant
When other input prices sare conatsnt in deriving product demsnd.
equitions 4.268 and 4.29 osn egein be ignored because the inpute are
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sasumed to be available in sufficient gquentities. le and ?xa are

axogenous variables smd ¥, P‘I' 11 and 12 are andogenous varisbles.
The four structural equitions can now be used to obtain the de-

gired reduced form equation reprepenting the demand functiom for the

first input

- o b (14e)=1 ; ba(evl)

L.I. 4e32

This cen be done by substitution. Ignore conatant terms for convenienmce

end take logerithms of structumml equations

Inf =B InX +b, InX, (a)
mrﬁ-(bl-umxla,hamr.znnrr (u)
lnl'_.‘z-blln11+{‘ha-1}1n12+lul'? (c)
In Py = f1n Y where £ Y (4)
e lnPp =fla¥efb ladk o+ fb 1k (o)
But [h-n]uln?xl-lnfx?--lnxl+ln12 (£)

Substitute (o) into (b)
lni'sl-{hl-l:l1n11+h2h12+ﬁ11n11+fh21n1{2
.[h1+rh1-1}1nx1+{bz+r‘nﬂ} In X,

-{h.l-rﬂ;l-l]1n).1+{h2+!'h2,'llni'1+{h2+ﬂ2}1n1-_

-(b, + fv,) 1n B, by substituting (f)

S -[b2+rb?]f[h1+fh1+h2+fha-l]1n.?xﬂ
+{1-b2—ﬂ2]f[h1+rh1+h2+fhe-1]lnP i

8y sssuming constant returns to scale [hl + b, = 1) the former equation
can be further pimplified.
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x| = g B OH/A-1 p b (100)/
_ up De{l4e)=1 .hgi-r:.}'
EPE; in

Table 4.9 shows how the factor demsnd elesticities vary for

given product demand elssticities vhen input prioes are kept constant.

TABLE 4,9, EELATICNSHIP EETWEEN THE ELASVICITY OF DEMAND OF A PHODUCTION
PACTOR AND THE ELASTICITY OF DEMAND POR THE PRODUCT WHEN OTHER
THFUT PRICES AHE KEPT CONSTANT,  (HYPOTHETICAL DATA),

Pector demand elasticity
Product demsnd elasticity b= oy T 1&
0 by =1 -’;é
a5 Yab -1 -%5‘
=1 =1 =1
= 4y = 1 -3
o = .

As in the previous cese, the [actor demand is elastic of umit
alasticity or ineldstic respeatively a8 the product demend is elaatic,
of unit elasticity or inelastic.

When Tabla 4.9 is comparsd with Tebtle 4.8 it can be seen that
the faotor demnd is more slastic whon prices of inpute &re kept con-
stent them when input quontities are kept constant (excluding the point
of unit elasticity).

A more realistic approsch is not to put any restrictiom on the

system but because input supply elasticitiss wvere not imown beforehand,



W
thin was not done,

4ale5.2. Prsotical igplicetions
Elestioities of demand for factors in South

1ig.

Africen sgriculture can now be computed if emd when other input guanti-

(T
tien are kopt oonstént and equilibrium  in the product market is assused.

TABLE 4,10,  PACTOR DEMAND ELASTICITIES WHEN THE PRODUCT DEMAND
ELASTICITY T4 PEEMITTED TO VARY AND OTHER INPUT
QUANTITIES ARE KEPT CONSTANT.

Fagtor demend elssticities
Fuel &
rapalr
oti- ahar,

E‘h‘ of A11 of all |Faru Fixad | Uther
mand farm farm | feeds im= | oper=
for |Perti- machi- Live- |machi- |dips & |prove- | ating

[product|{liser |Labour| mery | Iand |(stock | nery |eprays | ments | inputa

() | (x5) | (%) | (x,) | (&) [ (k) | (%) | (%) (%g)

D ﬁm lm tm |ml .mr |:m' -‘m -m‘ }m
= 425 |= 843 |= 4592 ]= 725 = BOb|= .552|= B4l |- .Bl2 |= 70| = 863
- ‘l‘.ﬂ - 1942 i -.-H-l} - -MT Nl -92'5 ok .Bl.'.- - -5'41 - |9H g -ﬂ] - -95-}
= 15 |= 9719 |= 525 |= «960 |= GT4= 925|= 979 i= 9T | = «964 | - 982 |
"l!m "1-@ -1..{!]1 -1-“]] -I.EDJ-I.I'JII -llm -11-{“] -11“‘ '-']mlm
=125 |=1.012 j=1.048|=~1.026|-1.016|-1.048|=1.013 ; =1.015 | =1.022 | =1.011
- "1:';5'5 "1-2‘3'9 -lluﬁ- -1-“39 -1-295 '11‘-}&? ""1-““ "'1-1-125 ‘11“%

When &8 product demend elasticity of -.5 is sssumed then acecording

to Table 4.10 & 1l» decreese in fartiliser price will inurease fertilizer

r—

* Jdeas expressed under items (i) and (ii) are besed om the work of Buse

(17), Priedman (42) snd especislly Bramdow(12).

Bquations 4,26 -

4.32 were borrowed from the latter sourge, but because of its impor-
tance in the interpretation of empirical results it wes folt nocessar)

** This assumption wes necesssry to derive equation 4.31.



105,

consumption by «942% given that other input quantities are kept constemt.
However, when the product price is conmsidersd as exogenous then & I in-
crease in product price will incresse fertilizer consumptiom by 1.0667%.
When product demand elasticity is -.54F then a 1% increase in the wage
rate will reduce labour by .813%%  When the product deménd is elastic,
g 1% increass in product price will inorease labour by 1.29%s  The
other elasticities can be interpreted in the same fashion.

The elastisity of product supply measures the percemtage change

in output sssociated with a 1% change in product price (137).

The elastioity of product supply = Tow » %‘[

1
= (Gl’ﬂﬂﬂ elasticity uf) (Pru-d.uutilm Elﬂﬂtiﬂi'ﬂ}')n h;

input demand of input l-1

433
As squation 4.33 is derived from equatiom 4.25 it is assumed
that factor demsnd is perfectly elastiec. Product supply elasticities
are derived from equation 4.3 and presented in Table 4.11. The
alasticitdes indicate the mesponse in product supply caused by B change
in 8 particular input which is reflected via 8 chAnge in product price.
All other inputa are held coretent. DBecause of this sssumption tThe

supply elasticities are cdlled "simple". The supply elesticity does

* Tha elaaticity of the demand for sgricultural products has heen
estimsted for the U.5.A. as approximataly -.25 (137, p«623) (37).
South African Apgriculture however faces 8 more elestic foreigm
demand than the U.S.A, Frow this it way be deduced that the
elapticity of demend for agriculsural products in South Africs is
more elastic than that of the U.d.A.
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TARLE 4,11, SINPLE ELASTICITIES OF PRODUCT SUFFLY FOR NIND INIUTS.
1949/1950 = 1965/1966,
Fual &
repalr
aharges
All of all | Fam Fixed |uUther
fara farm feeds im= |oper=
Ferti- machi- Live- | machi- | dipa & | prove-|8ting
lizar | Labour nery | Lamd stock nary sprays | menis |inpuis
() | &) | &) ) | &g) | (g | () | Oxg) | (%)
!m 1299 -“5 aﬂﬂ? -29'5 I'DET I'm -125 -l:lﬁll

not mean that the only response to & change in product price would be to

change one input, but %o indicate Af this were the sole clange.

further sssumed that the supply of imputs is perfectly elastic.

It is

This

assumption is violsted in the cese of real emtate.
In the long run all inputs are variable, but in the short run

certiin inputo ere fixed. The inputs sre clessified in Table 4.12 in

three groupa with respect to time required for sdjustment: cash operd=
ting inputs 11, Iﬁ, 1T anid 19, and durable capital 1:,. ‘.(5 amd

Funs

It was oconaidered possible to vary the labour input in the lomg
dupply elastioities were eatimoted for eash length of rum. An
increass of la of product price will increase production in the short
run by «)R. Thin will be pomsible dus to inoressed use of fertili-
gor, fuel and repair charges of farn machimery, form feeds, dips and
spruys snd other operuting impute. In the intermediste run, farm

mschinery, livestock and [ixed improvements will becoms varisble and
production will increase by approxicetely 2,506 in response to Ip ine

cregse in the price of the product, labour will become variable in

The Cobb-Douglas
darived supply elansticities are the méxisun potential response and

the long run and production will further respond.
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TABIE 4.12,  SUFPLY EIASTICITIES' FOR THESE LENGTHS OF RUN.
1945/1950 - 1965/1966.
Length of run Inputs varisble Supply elesticity
Short s dgr ip &g 0335
Interuediate Kgp Xgp Xy (plus above) 2,595
Long iy (plus above) 18,608

overeptimate the trus effect. Hesources sre more essily sdjusted among
agricultural products than between agriculfural snd non=sgrioul tural
products. It can thus be expectad that the supply of individusl orops
is more elsstic than the sggregete supply (135).

The writer vas going through the draft of this thesis when he
oame parces an article recemtly (February, 1969) published in the
Amoricsn Journal of Agriculturs]l Eoonomics by Wipf ond Bewden (148) on
the "Heliability of Supply eguatioms derived fros production functions®.
They lound the elesticities and output predictions to be over-sensitive
to changes in the length of run, This elso appesrs to be the case in
this study with the distinct differences in elasticitiss between lengths
of run. They concluded that the logarithmic function may lead to some-
what erronecus predictions if the sum of the production elanticities is
larger than ome-halif., The writers besed their findings on estimstes
obtained from different production fumctiona. These shortcomings of
the results presenmted in this study were sxpected but were not conaid-
ared important emough to outweigh the sdvantage of being sble 1o dis=
tinguish between different lengths of run. Bearing this in mind it
may 8till be coneluded that the supply of sgricultursl products is not
coupletely inelsatic,
~ -

Elastioity of supply = i
1
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4e146s VAL he marginal t and 8 of
fantor bour) for the ic 1 try under

gpompetitive conditions.

The demapd curve for &8 factor is often loosely described
by the value of the marginal product of the fector. This i strictly
only corract when other factors ocsmnot be incressed or degreased. In
this cese the only edjustment 8 firm cen make in response to a price
ghange of the feotor is to vary the quantity of the factor employed
aocordingly.

If the prioce of & factor is decreased, more of that factor will
ba employed. lMarginal products of complementary resources will in-
crease And that of substitute resources will decresse. If the former
effoct dominatea and other reacurces ara paermitted to increass then the
marginal productivity of the original factor will in tum increase apd
80 the employment of this factor.

In a nutshell, the marginsl value product curve is derived for
fixed quentities of other factors, tut the demsnd curve is derived for
fixed prices of varishle fectors &nd fixed guantities of fixed factors.
In both cases the demdnd curve for the product is essumed to be per-
fectly elastic.

The value of the merginal product (V.M.P.) of labour is derived
from the production function for S.A. when 811 other inputs are kept
oonstant at their mean (geowetric) levels. The relationship is,
striotly speaking, invalid becsuse for the industry the other resources
ere varlable and the product demand is not perfectly elsstic. The
schedule in Fig, 4.1 shows the extent to which an increase in the wage

¥
rate or V.M.P. will cause 8 reduction in the lebour force., The

* The wage rate is sgual to the velus of the merginsl product of labeour
only under compeiitive end equilibrium oonditions. The productivity of

labour in this study is estimeted at 60% higher than the agricultursl
wWage rata.



VMP (PRICE) OF LABOUR

FIG 41 VALUE OF THE MARGINAL PRODUCT CURVES
220 FOR LABOUR AT THREE INPUT LEVELS
OF OTHER RESOURCES
200 -
. “'-._
-ii"‘- Ty, .H
i
180 | i, % " e OTHER [INPUTS 20% HIGHER THAN
"--.H_M_Eﬁhl LEVEL ( LAND AT MEAN LEVEL)
'*-._ iy
b1 S,
-I-.'_- "'h_
-I_i b
L™ -"'I' “"-_
1“ L !"- l"";i <
“hu- -‘l.-"i
~ My
"a ., _. OTHER INPUTS AT MEAN
Y. *e.,, LEVEL
H- --.‘.-I
1"” o "ln,.l a1
Hl
Hi
b, S
S o
“"-.,_‘_.. OTHER INPUTS 20 LOWER
12 . THAMN MEAM LEVEL
or "' {LAND AT MEAN LEVEL)
100 i L 1 i L L i
8o a0 100 110 120 130

OUANTITY OF LABOUR WITH 100 EQUAL TO MEAN OQUANTITY FOR PERIOD.

Lab fyp IHPELIPJII

B |fealtS3j250
B0 [150|7TE|FO0
1o0 (138162188

11a Jv38fisg 1 P2

130 ‘I]‘ﬂl'l-lt N R

MP, other inputs

ag maan level

MP, and MPg other
inputs at 209 lower
and higher respectively
than mean_ {land ixed)

801



110.

gquantity of lsbour in Fig. 4.1 is in terms of an index with the mean
quantity of lesbour as the base. (= 100).

411 other inputs were also increased and decressed by en &rbi-
trary 20% except lend. land was kept at the mean level as it is not
feasible to inoresse this factor. The V.M.P. schedule of labour moves
to the right with increased employwent of other resources with the gon-
sequence that the sspe awount of labour cen comménd & higher waga.

For inatance, the V.M.F. of labour at the mean level inoreased from
160 to 185 when other fectors were incressed by 20% and land was kapt
constant, It wea ptaled earlisr that product demand is assumed to ba
elastic. In prectice, however, the incressed employment of resources
in the Agricultural Industry will heve & general depressing affect on
product prices because of incressed production: The result will be
that the V.M.F. sohedule will not shift to the sawe extent s indicated
in Mlg. 4.1,

The effect of & reduction in other rescurces om the V.M.P. of
labour is alsc shown in Fig. 4.1. The demdnd ocurve for labour is
estimated in a separate section (Chapter 5). Because quantities of
verlable resources are not limited in the construction of the demand
function, the latter is wore elasstic than the V.M.P. curves,.

The effect of the size of the labour force amd the level of
other resources on the wage rate is extremely importent from a policy
point of wview, because it shows how the V,M.P. of labour and thus
wages ofn be increased through 8 reduation of the labour force in
agriculture snd greater mechanisation. From this relationship it is
posaible to deterwine by how much labour in agrioulture must decreass

%0 bring farn end industrial wages on & par.
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Value of marginal product curves for the other resources cen be
derived in s similar feshion. This, however, was not dons becouse tho
direction of change can be shown to be the same and becsuse of limited

APEO8 .

For determining optimum rescurce allocstion, the con-
stant term inequation 4.2] has still to be estimsted.

This constant term can be estimated if X' o X2 seveiko? are
taken ap one variable, X. The different values for I:i. and bi aro
substituted to get en X wvelue for each of the 17 yeara. For this
purpooe all the variables were deflsted by their corresponding price
indexes except lsnd which was deflated by the wholesale price index and
fertilizer wvhich was expressed in thousend toms of fertilizer,

The equation ¥ = kX + u wns estimated by lesst squares,
foreing s serc intercept where K= Hrfﬂz. The constant term was
eotimoted an 9.196 end the production function is thus completely
spacified.

4s1.7.1. Margingl products
The marginal product for the :1.""i1 Tesource

was oaloulated by using the formule:

leﬂiﬂll Frodugt = %1 . hixgi e 1:1“ o w xﬂ. - hi':i" 434

The meat reliable estimete of werginal productivity is obtained whem
Ii is taken 8t ite goowetric mean end Y 4is taken es the estiosted
level of output when esch input io held at its geometric mean

(73, p. 231).
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TABIE 4,13, MABGINAL PRODUCTS OF RESOURCES AT !EAN LEVELS. (INCHRASE
IN OUTPUT FER HIOO INCHEASE IN INPUT)®

Fuzl &

repair

charges
A1l of all |Farn |Pixed | Other
fars farm foadn in=- OpaT=
Ferti- machi- Live- | machi- |dips & | prove= | ating
lizer labour | nery Iand atock nery sprays | sents | input:
() | ) | &g) | ) | () | (X | () | (&) | (%)
113 160 112 59 329 8l 245 96 101

According to Table 4.1% the marginal product of land is wery low
while the marginal products of livestock, farm feeds, dips and sprayw and
labour sre very high. This shows that an expansion of the liwveatock
enterprise should increase profita or reduce coat at 8 [ixed level of out
put wvhon it substitutes for other inputs. Of the remdining inputa,
fertilizer, 81l faru machinery and other opersting inputs have marginsl
products greater thon 100 snd fuel and repair charges of farm machinery
and fixed ipprovements have marginsl products less tham 100. The margi-
nal product of all faru machinery wes found to be greater than 100 and
for fuel and repair charges of farm machinery to be lower tham 100, Mo
explanation could be advanced for this and it appears to be & comtredic-
tory result. The great percentage of fuel and repair charges spent on
lorries and cars muy be & partial explsnation of this result,
Hinious cost input levels
The coet function can be specified ma

4-1-7-24

Cw= Elll.

pective prices,

vwhere cost is the sum of input quantities, times their res-

Prices of sll inputs except fertilizer will be aesumad

* Confidence intervals for the ssrginal products cannot be given
beoause the elasticities are estimeted by factor shares.

s —— T—
LIBREARY /EIBLIATET &
WATAL EECION KATRLLEREEE,
I[H.H‘HUHDHU-H-‘D‘_I'{I-. EI:.I.'..II h-_
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28 Hl beceuse these inputs are messured in terms of velue. The price
of fertilizer wvas taken &8s H190 per ton &8 fertiliser was measured in
tons of pure plant nutrients,’

Costa omn now be winimized for & predeteruined output by using
a Lagrenge maltiplier ().

™ - X, nl_:' - & ....4:“] 4435

Coats can be minimized by equating the partisl derivatiopa of
all the unimowns to sero and solving the eyetew pimultonecusly. The
ssterisk is sn indiocstion that production (Y) is predetermined and does

not refer to a footnote.
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4.36
* For amalysis purposes fertiliser consumption wes coded to the m_;:t

thousand tons end all other inputa to the nesarest willion rend et

F.I;n prices, The fertiliser price was consequently coded es
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This system cen be solved by taking logarithms of the 10 simultanecus

linear equations and inverting the corresponding matrix.

short cut, however, wia used.

The following

From the first nine equations the values

of the X,'s were determined as X, = Mbi)Y and thess values were then

i
Py

substituted into the last equation.

Because I is predeteruined, the

value of the ILagrange multiplier (A) cam be solved fromw the lest egua=

tion.

Tha minimum coat levels can then be determined.

The first colum in Table 4.l4 shows the sverage cost figures

for the pericd under study.

TABIE 4.14. ESTIMATED MINIMUM COST LEVELS OF INFUTS FOR THE AVERAGE
OUTFUT OF THE FERIOD 1949/1950 - 1965/1966.
Minimum cost
when labour,
livestook an
Minimum occat farm feeds,
Aotual when all dipas & spray
average | inputs are are
Yariahlas coat variable pradetermine
Fea B Rn
Fertiliser (1{1] 28.4 21.5 30.7
Labour (X0 | 7447 7949 T4
All faro mAchinery {x_,:_] 5.9 4441 63,1
land (X 4} 6948 27.8 3948
Livestock {}{.5} 1642 T9.9 45,0
Fuel and repair charges
of machinery I:Iﬁ} 40.5 21.9 31.3
Farm feeds, dips & sprays {x?} 15.5 2543 19,2
Fixed improvements [xﬂ} 60.1 3845 55el
| Other operating inputs {1{9} 2742 18.4 26.3
TOTAL COST 411.3 3572 385.2
| TOTAL QUTFUT i 527 527 s

* A4ll costs items are deflated by their respective price indexes u:naptl
for the value of lend which is deflated by the wholesale price indax,
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The middle oclumm in Table 4.14 indicates the minisum cost levels needed
to produce the average output when all inputs are varisble. Coats can
be reduced from H111.3 o to E357.5 m or by A54.0 o if resourcea are ém=
ployed where the value of the marginsl producta of thé resources are
equal to their respective prices. This is & cost reduction of 13.1x
The direction of change of inputs is es expected scoording to their mar-
ginal products (Pable 4.13). Liveetock inputs incressed from R3C.2 m
to B79.9 = and land was reduced from RE9.6 m to H27.0 ms Ao the labour
increase in the minioum cost plen is not feasible, it wes decided to
keap the labour input at the average input level. labour increase
would be feasible if underemployed labour ocould be transferred from
Bantu reserves, The drestic inorease in livestoock had the effect of
inoreasing the confidence limite for this variable substantially and
meking it very unrelisble. ldvestock wae thus given an upper limit of
Ri5.0 m or 24% higher than the original valus. In scoordance with
thie, tha farn feeds, dips and sprays input was fixed at B19.2 @ ar
24% higher than the origimel input, These restrictions had the effact
of inoreseing the minisum cost from H357.3 o to H385.2 = which is still
6,40 lona then the average cost figure for the pericd., The reduction
of labour and livestook inputs caused the other inputs to inorease
showing the substitution relatiomship between the rescurces.

An increase in the price of labour to that of the non=farm wEge
rete (opportunity return) cem be expected to reduce the optimum labour
force., In these caloulations the farm wage rate wes used. All fars
machinery and fortilizers were reduced in the minimum cost plan not-
withstanding the fact that marginal products of these factors were mora

than 100%, This is because of the high marginal products of livestock



116.

gnd farm feeds, dipe end spraym. In the restricted minisum oost plan
both fertilizers snd wachinery were increased. 4 small smount of dis-
equilibriuc existed in the restricted plen with respect to fixed lmprove-
ments, 811 farm mschinery, fertilizers and other operating inputs,

It is olso interesting to note thaot both fixed improvements and
1and were reduced in the minimum cost plana, indicating that land is in

"oversupply” .

"lllTl}l‘

Resources sre allocated in an optimum way vhen the
marginal costs of resources are equal to one another and equal to the
marginal revenue of the product.

Thus ;;:-hif}-;i—rnrli -@%)PT 4.57
P‘: in taken as Hl, 8s the production is meesured in constant rends.
The seasuresent of inputa is explained in section 4.1.7.2.

The values of the Ii"l determined in this way were them sub-
stituted in the production function to soclve the system. As in the
minisun cost oése, labour was fixed at the everage labour input of the
period while livestock, farm feeds, dips and aprays were given upper
limits of 24/ sbove the aversge levels. These restrictions reduced
the optimum output to & comsiderable extent ss these factors were kmpt
at levels wvhare their merginsl products were far greater than 1005,

If the optioum plan is compered with the actual plan, it cam
be seen that costs increased bty HS.6 m but output by B38.8 m, Profits

consequently inoreased from E11G.T7 = to Bl46.2 w or by 26.4%.

* The wnrestricted production function hae en unlimited optisum
because retume to scale ere 1.029.
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PABLE §.15. OPPIMUM ALLOCATION OF EESOUSCES WEEN INPUTS OF LABOUR,
LIVESTOCK, FANM FEEDS,DIPS AND SPRAYS WERE PEEIETERMINED.

1949/1950-1965/1966,
Uptisum
allocation
whan
i x| o
Actue]l average 1]' products of
Variebles coat predetermined | resources
Be Bz Y.
-
Fertilizer [xl} 28.4 35.1 100.0
Labour (12} T4.T 14T 174.2
A11 ferm machinery (X5) 5849 TL.9 100.0
Land X 4} B69.8 453 1000
Livestook [15} 32,2 45.0 269.2
Fuel snd repair chérges
of machinery {.'!.’.E:J 40.5 35.6 100,0
Faru feeds, dips and
spTays () 15.5 15.2 215.1
Fixed improvements f_IE} 60.1 62.8 100.0
Other operating inputs {]{E} 27 .2 30,0 100,0
TOTAL COST 4113 415.6
TOTAL OUTPOT S27 .0 565.8
FROFIT 115.7 146,32

A fartilizer increase of 24% end 8 machinery inorease of 22%

are regommended for optimum allocation. Other inputs were employed at

glmost equilibrium levels except land which wes in “oversupply™.

By definition this optimum plan also resembles winimum cost for

the particular level of production derived in the wodel.

To make compsrison posaible, the fertilizer input was comverted to

a valus input.
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An increase in product price will also increaee the optimum
production snd the dessnd for inputs. The affect of product price
on output ie shown in Teble 4.16 under equilibrium factor use. The
marginal coet of esch fsctor was equated to its mirginal revenue and
this was substituted into the production function for each of three
different levels of P.l..

PABLE 4,16, SUPPLY OF AGRICULTURAL PRODUCTS

454.2

|___Price Indax | Froduction (Bmw) |
ag
100 565.8
120

6TT.2

The prices end production figures in Teble 4.16 trece out a
supply curve of agriculturél products. Imput supply exeept labour,
was assumed perfectly elastic. The same restrictions as in the pre-
vious seotion wore plsced on tha livestock mssocisted imputa.

4.2,  Begions]l production funotions

Produstion functiona were estimated for the differemt Agro-
soonowic aress on the besis of 1959/60 census. The input-output data
of the aggregste cross-sections]l production function were used for
this purpose, Magisterisl districte were clEesified into Agro-
goomomio arsas with the aid of Agro-esconcaic and mgisterial distriot
mips and types of producta. In the study sn eggregetive messure of
output was used becsuse records were not eveilable indicating the
quantity of esch input associsted with each output. According to
Heady and Dillon (73, p. 227) the distortioms csused by output sggre-

gation may be winimized by deriving separate functions for groupe of
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firms producing the verious outputs im epproximately the vave propor-
tions. In the Agro-econouwic areas the farmers produce the ssme pro-
ducts in epproximstely the seme proportions end some of the distortions
were minimiged by fitting production functions for the imdividusl areas.

A complets model measuring sll inputs wvep tested for the dif-
ferent rogions with little success, This was partly dus to inter
correlations between the different capital itema. The capital produc-
tion function with labour, land and cépital wes estimated. The latter
function thus indicates nothing sbout the productivity of particular
forus of capital. This codel ves estimsted in a logarithmetic and
original for=z,

To get & breakdown of the capital factors, the sggregate orosa-
sectional production function for South Africa with dumey variables for
the different regions was used, The percentage of incowme from live-
stock for e particulsr regiom wes substituted in the functiom, the
dusmy varisble for the regiom was set equal to 1, and the other dummies
wore ignored to get an estisate for esch region. For the functions
derived in this way, no t- values, lznrdlgrnllnffrﬂdmlﬂ
reported.

The returns to scale sre elso reported in Teble 417 ( end B),
In the original linear funotiona, the returns to scale are besed on
elosticities st geometric ween levels. In most ceéses the returma to
scile are close to unity.

Elasticities from tables 4.17 (A end B) sre selected and pre-
sented in Tsble 4.16 with the corresponding msrgimal products, The

latter ere given sa percentagua,



TABLE 4,174. FRODUCTION COEFFICIENTS POR AGRO-ECUNCMIC AREAS IN SOUTH AFRICA WITH t VALUES BUTWEEN BRACKETS 1959/1960.

0 = Original values.

IG not transformed te logarithmas.

| 12 Xy % 5
AgTo=- Machinery
gcofomig 2 (Constant Current toola and
Beglon |df | B term |expenditure | Labour |implements | Land | Livestock
L-L 25 tﬂm --49 132'6 111? -m 1““ ;IEH
(1.10) (.53 (1.44) (.39) | (1.12)
AL —I-E'E 1153 -'1535 -3‘45
A 28 [.638]| 13.9 126 .224
= ! (1.11) (1.61)
&L 28 |.792| -1.72 LO66 25
n (.34) (1.25
BL 24 |.B84 | -1.2 324 .228 22 al ?
(1.51) (1.71) (2.13) (.41 (.46
E. - 69 173 -, 018 o311
B, 27 |.677 | =23.6 226 274
(1.52) (1.57)
B 27 |.828 | <1.75 214 L407
(1.48) (1.71)
ﬂ -.EE IEE -!ME‘ l"m
c"; 18 |.7132| 7.9 .85 -.35’51
(5.82 (2.50
e, 18 |.846 | -.47 317 =1.276
{(1.89) (5.75)
DL --m 1254- 'vﬁ -‘Tn
o -.32 235 -.071 419
Eﬂ 15' -EEH 4? .E 115* """l-ulT
(4.07) (.48)
[}

i P e .

—

(1.12)

Iﬁ '[111-33:1
Perocentage All
incoms Capd tal
from inputs Heturns
livestook {11+13+153 to scale
'-'1 Ll Wﬁ 1 im
(s72)
«431 « 55
0219 810
{.81)
«THL 1.102
(4.26)
« D065 1.117
(2.44)
4‘1'1 'H‘n
O848 1.244
(1.95)
-Hﬂ 11151
(2.12)
355 . 526
LOT07 907
(6.30)
1.677
(8.68)
280 .918
. 342 -925
0103

= Logerithmetic tranaformstion.

*021




FRODUCTION COERPFICIESTS FOR AGRO-ECOBOMIC ARBAS IN SOUTH AFRICA WITH ¢ VALUES BETWEEN BRACKETS 1959/1960.

y IG not tranaformed to logarithms.

0 - Original wvelues,

ZABLE TP
& X, X % X5
Agro=
Machinery
'nﬁﬁz ar RE Conatant Current tools and
tarm expenditure | Labour |implements | Land | Liveatock
;L - T4 255 -,088 454
a 6|.9952| =92.5 1.107 - 296
(2.84) (1.66)
H -.59 .201 -.042 .360
Hu 18(.B59 |=119.2 -A10 .IDg
(2.50) (.39
31_ 18|.903 =1.7 270 -
EL (.25) h.iB (2.02) }2.41)
lﬂ' T 1-944 _l-l-lH iﬂﬂ I'H
(2.43) (.63)
Il‘ "'"lal l-l.n --mﬁ i}m
61.968 =1.9 whie N iy =-.316 b |
K (3.10) (1.42) (.402) J(1.71) | (2.52
.ﬂ a1.897 3.8 ) -, 12
(4.36) 2.9
-T2 204 ~.044 <364
g lml -1*5 Ilﬂ -‘Iu;
il * (1.41) s E.& -
- . IH " " L]
L {1.413? (307 [(1.32) | (a.m1)
!ﬂ 46 |.843 1.9 23 012
(3.05 (.53)
""1-91 -!’.I.E '11‘1 lﬁﬁl
% 45 |.740 =1.53% 258 .ﬂi‘?
(2.68) (.39

|y
Fercentage A1l
Ancome Capital
from inputs | Heturns
livestack {151-1._;151 to scale
.299 -920
L0767 | 1.396
(30.31)
414 -933
26874 | 2.129
(5.82)
321 | 1.008
(6.49)
.0082 1.138
(3.23)
L0774 | 1.108
(4.83)
480 941
IL'TE 1-1m
(o33)
1042
(4.47)
409 933
998 1.054
(5.97)
-.W?E .79
(2,32
(10.78)
Ilﬁ'g iﬁ
748 | 1.045
(6.72)
L - Logarithmetic transformation. F..
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TABLE 4.18. ELASTICITIES AND MARGINAL PRODUCTS (F PACTORS OF FRODUCPION
FOH AGRO-ECONOMIC ANEAS TN SOUTH APSICA.

Agro- Hachinery
esconomic| Current tools and
region |expenditure labour | iwplesents land |Idvestock
X X X 4 X (X #ks)
ep | Mp lep | WPl ep | WP "ep |MPlep | MR _LSp 1 )E
& o35 |104 [ .20 |207 | .44 | 533 l.a} 97 |.12]| 690
B 32 | 93 | .22 | 200 | .42 [ 496 | 301178 |.51{04%0
o - | = JO21T| - | =  |-e10] = |.41) BEO | .36 85
D - | = d5415%4 ( - | - 13| 62 |.47] 540 |.29] 68
B N JJOoj172 | = | = =05 = (.42] TOO |[.35{100
¥ = | = JOis7 | - | = [«a15| = .46] 580 |.31{065
H - - A0 1189 | - = L0| O |.36]2150 |.42]122
K - - «27 | 216 | .40 | 390 <350 [167 [+31]1140 |.4B8]103
M Al (128 | A3 (243 | - | - 20| - [.29] 862 |.42)202
& - - « 31 | 253 - - L9 27 |52 590 |.18] 35

The MP of 1abour is pore tham 1005, This may be becsuss lsbour

is priced at its farm wage rete end not at ites opportunity return. It is

well nown that non-faTw weges are higher than fors wages.

In tha casa

of Whites aad Coloureds the only source of supply is that of the non-farm

sector in vhioh cane the wage obtained there 1s the opportunity return.

hs discussed in seoction 5.3 Bantu labour cen be drawn from the subsia-

toanoe seotor which males it difficuolt to assena thair opportundty meturn

becsuse this latour can &lsoc be employed in the non-fars sector.

The MP of labour could slsc e high becouse the remmeametion of

labour is underestimsted by the data used,

the following forws of compensation;

crop land set aside for temants snd full-time employves.

No allowance waa mede for

free housing, free grazing and

The marginal product for land is very low 68 in the case for the
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sggregate production functiom. From & theoretical point of view this
implies that lapd is abundant and & reduction in ferm size scoonpénied
by & more intensive use of the ressining land will incresse productlon.
Marginal products of land close to 100 or grester tham 100 were found
for agro-econo=ic regioms A, B and K, vhich are the irrigstion and
cropping regionsg

The fact that fermers sre prepared to pay e higher price for
lend than its merginal product ssy be because they are expecting @
future incresse in the price of land. This is a reasonable expacta-
tion @s prices of land in South Africe incressed fros sn index of
49 in 1942/45 to &n index of 340 in 1964/65 with 1947/48 - 49/50 = 100,
This is & weighted price for land in the maize, wheat, cattle and sheep
sreas in 3outh Afrios (32). This howsver does not explain why MP's of
land are zero or even negative in certsin aress. land wes meésured in
terma of value to take quality differences into account. 1t appears
to be quite s reasonable asoumption that the productivity of land is
reflected in ite price. Further, by grouping farme in sgro-economic
areas it becomes pore difficult to say that sowething was wromg with
the sethod of enalysis. If farue are of the same sversge sise in the
various reglono, thon the different land inputes will resemble & point
end it will slso be imposaible to estimate the effect of this variable,
In this cars mespuresent errors will becocme very seriocus. The aver-
age size of ferus was however found to vary substantially.

The HP's of livestock for sll the regions are very high, indi-
ocating that profits can be incressed substantially by incressing the
stocking rete. The high serginel products of the livestock variable
can to @ certain extent bo expected. This is becsuse the total coet
of livestock is smell in comparison with factors like land, and besides
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this an 8lwost one to one relationship exists between livestock numbers
ard profite from livestook. The sdverse effect of snm inoresse in
stocking rete on next year's profits is of course not acocountad for
here.

The marginal products of machinery were only estimated for the
Ay B and K regions whare they were considerably in excesa of 100, For
these regions the marginal productas of machinery were highar than the
merginal products of labour, land, &nd current expanditure. The mar-
ginel products of ourrent expenditure did wot devigte very much from
100 for the A and B regions but for the M region this faector had &
268% higher marginal product.

In this study it wes shown that income could be incressed by
increasing the stocking rate. The result warrants closer investiga-
tion. Various prominent ferm leaders in South Africs have warmed
against the abuse of veld by overstocking snd improper management
whereby the vegetation deteriorates both in vigour and in quelity, and
the soil becomes exposed to wind end water erosion (122, p. 3) (33,

P« 9) (62, p. 10) (95, pp. 54 10). 1In aress such as the Karco it
appears that nature has put en absolute liwit on the stocking rate
wore than anywhers else. In other areas more scope exista for the
integretion of the animel factor in the overall farming system.
Various farus bave been plamned by the use of linear programming at
the University of Natal by final yesr and post-graduate students end
in the majority of cases income was reised substantially by increas-
ing livestock numbers. It was poseible to raise the farm income in

the linear programme solution by choosing the optimum combination of

forage ocropa.
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It should be possible to reise the stocking rete in some parta
of South Africa through sm improvesent of pasture msnagecent. Total
income frou livestock can be increased by inoreening the productivity
per unit or by increasing the number of units. It is, for exasapls,
uneconomical to raioe milk production per dairy cow (galloms) to a
mxious if net income cen be further increased by inoreasing the number
of cows, resulting in lees wilk produced per smimsl unit, This is the
cese when diminishing returns froe feed intake for every cow is assumed,
The coet of an additions]l cow must alac be considered here.

The high merginal product for livestock may be attributed to
some extent to the sggregatiom of faruwing unite into magisterial dis-
tricts (129). Aggregation, however, could not have influenced the
margingl product of variables to such an extent. Anothar resson may
be sdvanced. The quality of the lsnd may be better reflected in the
stocking rete tham im its ownm price. If this is true than 1t explains
why the MP of livestock is very high while the MP of land is low. The
elasticity of livestock is then overeatimated while the elastiolty of
land is underestimated (48). The quality of the land is @ very im-
portant fsctor in the production function. If this variable is
highly correlsated with the stooking rate them this may cause an over-
estimetion of the livestock veriasble. In this wtudy the land input
was measured by its value. If the nuober of eniowl unite on & farw
is a better indication of the quality of land than the velue of the
farm, then the land input will be underestimated. It may be expected
that this effect is negligible if the enimal factor is not impeortant
in the farwing system. A fair swount of wessurement error is present

in the lend imput. The value of the lend is s subjective sstimate
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of tha farmer ss reported in the sgriculturel cemsus reports., This may
not be at all a true reflection of land guality in various regions.
Reading from this it does appear as if the "trus® sarginsl product of
land sahould be higher than the estimstion thereof.

Collatt (19) could not find sny comclusive evidence that total
produntion affected land values in South Africes in & time series ena-
lysis. With an elasticity of product demsnd of leas than ona, in-
oreased production should depress lend values. However, doubt exists
as to whether the welghted aversge of domestic and export demsnd elee-
ticities 18 less then one, &8 about 40% of the total sgricultuml pro-
duction 1s exported., On the other hand, if production is in the first
irrational zone for other inpuis, keeping lend constant,then increases
of the land input should have & negative effect on production. GStrong
doubts exist &a to whether this is true in the cese of & developed
sogiety such sa the European sgricultursl sector in South Africe.

Thus if production increases are not reflected in higher real values
of land, then it does not follow sutomstioally that the land input, ss

messured by the value of lend, must have no influence om production.
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CHAPTER 5.

(35 FOR OFERAT ]
AND LABCOUR

In this chapter demand for fertilizer, feed, fuel and lubri-

cants and labour will be estimsted by least squarea.

Bels The tion 8 rogource de function

The model described in equation 5.1 can be considered as the
foundation of empirical resource dewsnd snalysis. The dewand for a
feotor is treated as a derived deménd, derived from the demand of the
product, the production function and the supply comditions of other
factors of production (53, p. 184).

J{inr(i,fl,xk) Sal
PY PY

consumption of ith factor

b
I

price of ith factor

g
|

g
|

price of product

EJ = prices of variable factoras Jj =1 .eess n

.‘n’.k_ = gquantities of fixed factors k = 1 sasese M.

While prices of variable factors ere included in the demand
model, the guantities of fixed factors are considered, In the
models reported in this study & budget constraint wee also incor-
porated by the inclusion of an income varisble. The same modsl
(5.1) was alsc fitted for capital {dureble) items im Ghapter £, The
dewand for & durable input was considered s an investment demand
end treated separately (65).

Eeady and Tweeten (76, p. 48) show how the demand model 5.1

can be used to explain an inelsstic commodity supply. For the
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inpute that are supplied from the ferw sector an increase in product
price may ceuse an imputed inocresse in fector pricea. The stable
input price/product price ratio will beve the effect that X, im
wodel 5.1 may chénge very little.

The use of prioce retios, suggested by static theory, implies &
symmetry in response of the input quantity demended to product snd
faotor prices. Thus if imput end output prices incresse or decrease
by the same proportiom, the quantity dessnded remains unchanged. The
desgnd function is hosogeneous of degree sero, If all prices cheangs
by the same proportion them the demend quantity reméins unchanged.

Dynénic economic theory questions the walidity of price ratiocs,
Farmers meke decision of how wuch to use of an input om the baslas of
expected ruther thanm ectual product prices beceuse of the length of
the farm production period, This expeoted price is acoording to
Tweaten, & subjective eatimate on the basis of the permenent and irean-
sitory coupoments of currentmd past prices (132),  Because there is
less uncertainty sbout future input prices then about future output
prices it mey be ressoned that the permanent couwponent mskes @ wush
greater proportion of the input price than of the ocutput price, If
farsers make decisions on the basis of the “permsnent” component them
2 given change in input price will have & grester influence on quan=
tity of the input demanded than tho same percentage clemge in product
price,

The advantages of price raetios are: (&) redusction of sulti-
ecollinearity beceuse the original model is collapeed into one with

fewer varisbles (42, pp. 26=30); (b) incressed degrees of freedos

* Tweeten most probably took the idea from the permenent incooe hypo-
thesis of Friedman (41). Friedsen used porsspent and transitory com-
ponents of consumption snd incose, to explain the consumption funotio
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because of (a), and (o) svoidance of errora from the use of other
genaral price deflators.

Although the use of price matlos im not atrictly correct from
a8 logical stendpoint, the sdvantages may justify their use.

The Interstate Managerisl Burvey indicates, though lnconclu-
sively, that fermers respond mwore resdily to input price changee than
to output price changes. From o ssuple of farmers gquestioned, 5%
reported that o change in input price had affected their production and
41% reported that & change in ocutput price had affected their produc-
tion (8, pp. 456-469). Studies by Heady and Yeh (77, pp. 332-348) and
Cromarty (21, pp. 323-351) support the hypothesis of symmetry in res-
ponsa to input and output price changes by farmers.

Because of serious intercorrelstions snd a limited number of
obaservations, price ratios have been used throughout the demspd for
input seotion. Seversl attompts have, howvever, been made to estimate
product and feactor price elasticities separstely but in esach case the
product price varisble has turmed out to be negetive, contrary to ex-
pectations in soocordance with economic theory.

Single equation regression spalysea were used as it wes found
that farmeérs were not able 0 influsnce the prices of their inputs in
eny way. The input market, with the exception of labour, in South
Africa 1s of an oligopolistic nature with only a few large suppliers.
These firws snnoumce their prices early in the yesr and rarely vary it
in the season. In the short rum the price paid by the farmer may
thus be oconsidered as predetermined.

DBecsuse ocensus data were only svailsble for a limited number
of years, dummy varisbles were used for provincial dete to increase

the degrees of freedom. These varisbles increased the problems of
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multicollinearity somewhat. The wethod of including regional data
in one wode]l allows the researcher to make comparisons between the
regions.

In order to milke an alloweanoce for s poesible lag in response,
the partiel adjustaemt sodel wes used which leads tu exsctly the same
reduced equation 8s Cagen's sdaptive expectations codel (18), except
that it does not induce sdditional serial correlation in the distur-
bences if there were nome initislly (57, p. 16), Oriliches (57,

p. 33) showed that if the trus equation is not 8 distributed lag wodel
but instead has seriaslly correlsted residusls, then tha introduction
of a 1ag variable will uswdlly give significant ccefficlenta &nd re=

duce the serisl correlstion, even though it is mot tha true eguation.

Sele for fert r
5«2.1. Imtroduction
The consumption of plant nutrients in fertilizer in
South Africa more than trebled from 1953/54 to 1966/67, and thism is &
remarkable snd by fer the grestest resource change in this country
during the last decade.
4 farmer can buy fertiliser in any amount becsuse it is highly

divieible. le can eesily sdjust purchases as price, weather and
other variables change.

hooording to Pig. 5.1 there eppears to be & symmetric res=-
ponse in consumption caused by & decline in the fertiliser to crop
price ratic. The important technological changes in the fertiliser
industry, eccording to Griliches (49), were mot so much about the
discovery of new facts on the use of fertiliser or the spresd of Imow-

ledgn, thmmmanmmumm.
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Results reported in this chapter for South Africa are similar to that
of Griliches. The price of pure plamt nutrients for exawmple, de-
greased by approximetely 17# in South Africe during the peried
19ﬁ2-1955.* Crop prices inoreased during the ssme period,

Frow Fig. 5.1 it also appesrs that income of farmers mey alsc
have an effeckt on purchasea.

The first ressarchers probing inte this field of demand for
fertilizer thought that farmers spend & oconstent share of their income
on fertilizer =~ (49). Griliches (49) completely omitted income from
his resource demand models because he saild there is no thecretiocal
resgon for including it es it is not derivable from the treditional
theory of the firm. He sces the incresse in fertilizer consumption
8s solely & response to 8 decreasa in the fhrtilizarfprndunt price
ratio. In more recemt resesrch (99) (132) both income apd relative
prices were teated in the sawe wmodel.

Altarnative models were used in this atudy to test ell the
variebles that may explain fertilismer purcheses. Other variables
which could not be gquentified may slso @ve an effect oo fertilizer
productivity 1like irrigetion, improved seed varisties &nd weed ocon-

trol.

Ho attempt is wAde in the analysis to determine tha decision-

* Indexas of fertilizer prices of the Idvision of Agricultural
Harketing Hesearcgh show an incre@ise in fertilizer prices for
the correspomding pericd. Thie is because tha indexes of the
Division ere based on the total volume of fertilizer whereas
in this study price of fertilizer is expressed in terms of
plant nutrienta.

*4  This concept of interpolating inputs was used by the Diviaion
of Agriculturel Marketing Hesearch, waking the series from a
demand egnalysis point of view useless for certain yeers.
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miking process which the individusl farmer usea in deciding the quan-
tities of fertilizer desired. The purpose is to explain why ferti-
lizer consumption inoreased on 8n sggregite besis &nd to predict

future consumption. The identification of factors influencing the
demand for fertilizers is of grest use to a developing country. This
study should also throw some light om the possible effects of subsidias
on fertilizer comsumption. Estimates can elso be mde of the conse-
guences of other types of govermment intervention im the agrioultural

indusatry such &8 the fiwing of the prices of certain products.

F.Z2.2« ldscusaion of variebles
Time series demasnd functions were derived for the

15 year period, 1952-1966 and for the 25 year period, 1943-1967.

F = Consumption of pure plant nutrients (N, P and K) in toms
on & calendsr yesr basis,

Fﬁ = Weighted comsumption of pure plant nutrients in tons on
8 calender year basis.

PPH[t] = Price of plant nutrients deflated by the wholesale price

index for year t. (Calendsr year, 1952 = 100).

PFE{t} = Price of plant nutrients deflated by the price of crops
for year t. (Calendar year, 1952 = 100).

PF[t} = Price of plant nutrienta calculsted from weighted con-
sunmption data deflated by the wholessle price index for
year +, (Cslendar yesr, 1552 = 100).

Plarl[ e Price of land deflated by wholesale price index for year t.
(Calendar year, 1952 = 100).

PE{t} = Price of orops in year t. (1952 = 100).

Iw{t} = Cash income frow farwing in thousend rands deflated by
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the wholesale price index and lagged six months, (Split
year besis, price index 1947/48-49/50 = 100).

IIIH} = Cagh income in rande frow fercing deflated by prices of
farm inputs including lebour smd lagged six months.
The period 1947/48-49/50 wes used as a bese for imput
prices.

ﬂu{t} = Capital essets in willion rands on a calendar basis,
undeflated.

Bn{t] = Capital aseets in willion rends at comstant prices om
a calendar year basis. (1947/48-49/50 = 100).

The variables cén be further explained as followa:

Sutrient consusption (E)

The dependent varisble is the eimple sum of tons of pure H,

P and K assuning that farwers attach the seme ioportance to the dif-
ferent cosponants. In an attempt to improve the model, the pur-
chases of individual plant nutrients were &lso weighted by their
respective price coefficients. The assumption is made that farmers
are only interested in the weight of plant nutrienta applied smd not
in the total weight of the fertiliszers. For the period under study
the usage of plsnt nutrients inomsased at 8 higher rate than that of
total consumption becauss fartilizer concentrmtions inoreased par
unit of weight of fertilimer.
Beal or relstive price of fertilirer (E,)

Price indexes of fertilizer were ocomputed by dividing the ex-
penditure on fertiliser by the consumption of nutrients. In deter-
mining the cost of fertilizer to the farmer, the subsidy on ferti-

lizer wvas also considered. The fertilizer price im thus ocaloulated
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This price index was deflated by the crop or wholesale price index of
the same year., FParsers lknow the prevailing fertiliser prices, but
can only gusans 8t crop prices for the rest of the year, This indi-
cates thet fermers buy fertilizers on the basis of current fertiliser
prices but pest crop prices. However, becsuse the greater part of
fertiliser 4s sold during the latter part of the yesr in Scouth Africs
tha price of fertilizer wus deflated by crop prices of the same year.
Becsuse of price stabilizing measures under the Marketing Act prices
of sumser and winter cereals do mot vary much from year to year.

Gash income of farmers (1)

This includes ocash income &nd home consumption of farm pro-
ducts minus wages, salaries, interest and rent. [Fertilizer companies
in South Africa are aware of the foct that wore fartilizer 1s sold
when @ good crop 1s expeoted or harvested.

The expected sign of this coefficient is positive because
8 priori ressoning indicetes that an increased demsnd for fertilizers
is sssociated with @ higher level of income snd becduse higher incomes
improve the liguidity position of ferwers, When capital is limited,
farmers will be unable to fertilisze &t optimun ratea, Under these
comditions the marginal coot of resources will be equated with, but it
will be lesas than, the corresponding sarginal revenue. An incresse
in income will tihus encournge farwsers to move towards the optimum

lawvel of fertilisation. Pertilizer studies conducted in South Africa

also indicate that this fector is applied at lower than optimum levels,

Capits] sasets (fixed)

In sddition to income this varisble is a measure of purchasing
power, C(apital sssets are an Indicetiom of the borrowing capecity of
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the farmer. The level of capital ocssets way also influence the pro-
ductivity of fertiliser. Capital asseta include machinery, iuplementis
and vehicles, livestock, fixed improvements and land. A welghted price
index for capital sssets wee derived, based on 1947/48-45/50 weights.
This variable wae used to deflate the velue of capital sssets,
Prices of reluted inputs

The relationship between the consumptiom of fertiliszer and the
price of lend can be expected to be positive as this is an indicstion
of & substitution of fertilizer for land.

5.2:3+ Ihe results

Models reported are bmsed on national and provincial

deta,

Jededels hggresste domsnd functions with plugt
putrients unweighted based on the
1992 - 1366 period.
If fertiliser prices are deterumined inde-
pendently of off-farm purcheses, the demsnd for fertilizer cam e
estimated with s single equation., The t wvalues ere given in paren-
theses, below the regressiom coefficients.

-Fl = "].]'i"u:ll - -9}}2 P“'tt—i} + JH222 I'!'{t} + 1.14{} PIH{t‘Hl} ¥ lam ﬂ{

(t=1.75) (t=1.45) (t=4.31) (tm2.60)
— 1 2 5.2-
B = .95
' = 2.9
i =9

* The ststistic "d" is a Durbin-Wetson serisl correlation teat, Velus
near 2.0 indicate a remdom distribution of errors, values lesp than
2.0 snd spproaching 0 indicste increasing positive sutcoorrelation,
snd values more then 2.0 énd approdiching 4.0 indicate inoreaning
negative sutocorrelation. Here d 1ip grester than the value of &
upper 4 for 14 observetiona, 5 exogenous veriasbles and a 56 signi-
ficence level. G0 the data are not sufficiemt for mejectlon of the
hypotheain of independence.
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Bquation 5.2 i estimated under logarithmic trensforwetion of
variables.

All the coefficionts of equation 5.2 have the correct signa
ascoording to economic theory, The elasticities msy bo considered as
of 8 long run nature, Multicollinearity becawe a sericus problem when
the lag consumption of fertiliser was introduced as an additiomsl varis-
ble. It was consequently iopossible to meke reliable estimetes of
ghort run end long run elssticities. The lag price of land variable
in significant at the .99 probability level end the capital sssets
variable at the .95 level,

Malinvaud (96, pp. 22-23) shows that the coefficient of an in-
dependent variable in & wodenl changes very 1little when another variable
is introduced which io not correlated with it. In the present study
independent variablea wozw correlated to o degree and variables in
sooe models wers found to be very censltive to new variables introduced.

L 1 percent deorsase in fertiliser price in the ourrent year,
other things reseining equal, is predicted to inoresse fertiliser pur-
chasee by .9 percent in the nmext year, bimilarly, a 1 percent increase
in real income is predicted to inoreass fertilizer purchéses by .8 per-
cont in the present year. A lag income variabls wes not significant
vhen tested sioultanecusly with an incowe varisble. A% present ferti-
lizer companies recognise the aeffect of good and bed years on the pure
chases of fertilizers but they have not been eble to weasure it.

The cross price elasticity of fertilizer purchases with res-
pect to the lag price of land is poeitive and unitary indiceting that
fortilizers are good substitutes for land. A4 1 percent increase in
the lagged price of land is predicted to lead to a 1 percemnt increase

in fertiliser consumption. However, s farmer purchssea fertilimer
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to use on his glven soreéige, oand not directly to substitute for land by
reducing acreage (76, pp. 106, 110, 165). Becsuse the marginal pro-
ducts of fertiliser decline ae more is epplied on & given ares, the in-
ference can be made that lend end fertiliser substitute at & diminishe
ing rate.

The land price variable wves more eignificent tham emy of the
othar varisbles., This may be sttributed to high correlationa between
land price end time, and lend price and general technological progresas.
It is highly probable that there exists a stromg correlation between
the land price and the swerensss asongst formers of the bemeficial
effect of fertilizsers. The effect say alsc be in the oppoeite direc-
tion: +the price of land may be a function of fertiliszer inputs, lLand
productivity increased ss 8 result of factors like batter varieties,
end the greater use of fertilizer. JBeocause of the inoressed yields
per unit farmers are prepared to pay higher prices for land.

Equation 5.2 aleo shows thet s 1 percent inorease in capital
sssets on farms will lead to & l.8 perocent inorense in fertilizer ex-
penditure. The ccefficient of capital messete is significant end posi-
tive, and indicates the complementarity between fertilizer emd durables.

Model 5.2 was also run in original valueo (Equation 5.3), that
is, without tremaforming it to logerithms.

P, = = 89,494 - 2,756.33 Pm:t_l} + 474299 Iu{t}
{ha.#j} {Hlﬂ&}

+ 854.307 oy 4y + 784432 C
(&=2.63) (t=1.74) 5e3
B = .964
d = 2,57
af = §
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Model 5.3 has & better fit than that of 5.2 indiceting linear
relationships between the exogenous end endogencus variables.

The elasticity of price st the mean level is -1.36 which is
higher than that of equetion 5.2. The elssticity of incose st the
mean level is + 1.06. According to equation 5.3 the income elasticity
of demand st the 1966 level is spproxisstely + .76 and at the 1955 level
approximetely + 2.10. Frow this it eppears that the income elasticity
is felling over time. It must be borme in mind that estimates at the
begioning or end of the period are more unrelisble than estimates at
the mean because of the particular shaps of the confidence limite.

More models are reported in Table 5.1.

In Table 5.1 both present and pest prices of fertilizer are used
g8 exogenous variables, The fertiliser price variable was so highly
correlated with other variables in egquation 5.4 that it turned out
insignificant.

From Teble 5.1 and earlier results it appears as if the capital
assets variable is stable and is not sffected to a grest axtemt by the
way in which it ia gessured. Capitsl asseis variasbles in & deflated,
undeflsted, lagged and current forw all hsve approximately the same
magni tudes .

A crop price variable was tested in savera)l aodelas but it
turned out insignificant with & negative sign. According to ecomno-
mic theory this sign should be positive. In subsequant models the
factor to product price ratic wes however found to be significant.
Heady and Tweaten (76, p. 173) were also unsuccessful in the estima=-
tion of & crop price varisble. This is seen 88 & time series prob-
lam with no economic significance.

Based on equation 5.2 demind ourves for fertilimer were derived



TABLE 85,1, ST.TISTICS OF ESTIMATES OF DEK.ND FUNCTIONS POR FERTILIZER, INCLUDING REGRESSICN
RZ, SOUTH .FRICh, 1953 - 1966.

COSFFICIENTS, ¢ VALUES (IN P.RENTHESIS) AND
c
Bquation 4 p? ml’ungt::t Fru(t-1) Calt) Fre(t-1) Telt) el t-1) Frult)
5.4 2.52 .949 | =24 ,8291 1.3%5 -. 3742 1.278 1.9682
Hypothusia (t = 5.16) (t = .77) |(t = 2.21) | (t = 2.79)
of indep.
not
ri jeoted
5.5 1.23 «980| 3.2191 1.652 -1.181
Hypotheais (t = 6.67) (t = 4.26)
of indop,.
not
ro jooted

The elusticitiea of Table 5.1 ere in cgreenent

with sarlier resulta.

"ovT
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and presented in Fig,5.2. Heal income is kept constant on each demand
gurve, The demand curve indicated by "B" is drawn at the gecmetric
mean income level of the period under study (1953=-66). The demand
gurva "AY iz drawn for the income level of 1953 end the demand ourve
"G" for the income level of 1966, A higher level of income improves
the liquidity position of farms and farmers are encoursged to move
towards the optimum level of fertilizetion.

The price elastleity of fertilizer is equal to -.9 8% any point
on the three dememd curves. Each demsnd ourve is drewn ceteris
paribus; capital assets and lend prices are kept at geometric mesn
levels.

Fig. 5.2 shows very clearly how the demand schedule shifts to
the right with increased income. This has the affect that more ferti-
lizer is purchesed st the same price level. It also shows how more
fertilimer is purchased with & decrease in the price, other things
being the same, It is interesting to look again at Fig. 5.1 after
having studied Fig. 5.2. In contrast with Fig. 5.1 the "other fao=-

tora" are kept constant in Pig. 5.2.

5+2+3+2+ peerepmte demsnd functions for fertilizer
with weighted plant gutrients for the

While in the esrlier models the nitrogen,
phosphate and potash ocontents of ell fertilizers were simply edded
together to arrive at the total plamt nutrient tonnage, the individual
nuirients are here weighted by their relstive prices before being
aggregated. The weights used were derived from & multiple regresaiom
of fertilizer prices for different mixes of fertiliser for South Africe

(1967) on the reapective percentage content of the three nutrients.
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LS
A rendow sample of 19 fertilizer mives from different compinies was
used for this purpose.
The following equation was consequently fitted om original

data

-

(t=9.34) (t=6.10)  (£=5.83) Gabl

B = 876

d = 2.532

df = 15

=
]

Totel coat {velue) of fertilizer wixture.

N = Percentage nitrogen content of the wmixture.

Ly |
]

Percentage phosphate content of the mixture,

K

Pgrcentage potash content of the mixturs.

The partial regression coefficients of N, P end Kwere signifi-
cant 8t the 001 level of probabdility.
Ueing the partisl regression coefficients of equation 5.6 as
waighta, weighted aggregate demand equatiom 5.7 wae estimated.
F, = = 423422 = 1.207 Pale-1) 1.3884 Pm{t-l} + 1.9275 Gﬂf.'t}
(t=2.73) (t=6.03) (t=2.58) 5T

B = 9072

af =10

T
oy

d = 1.87

411 the variebles in wodel 5.7 have signa expected om the
baeis of economic theory. The land price variable is significant

at the ,001 level of probability and the price of fertilizer and

» Pricea of fertilizer mixes were obtained from Mr, H.S5. Hattingh,
of the Ddvision of Agriculturel Produgtiom Economiecs, Pretoria.



capital asseta veariables are significent at the .05 levels.

The partial regression coefficients are equal to the elasti-
cities of the variables because ths equation is in terms of logarithama.

The elasticities of equation 5.7 are within the renges of the
sarlier resulte based on unweighted nutrients. Oriliches (49, p. 91)
and Metcalf and Cowling (99, pp. 375-386) used a sizilar weighting pro-
cedure but, &8 in this study, they could not detect » significant d4if-
ference between the weighted and unweighted regressioma.

A general impression is that the weighting procedure ss applied
in model 5.7 was very successful in the sense that the Durbin-Watson
statistic is closs to two, the cosfficients more than twice the sten=
dard errors and the K° high,

Fig. 5.3 shows the sctual and estizated consumption of ferti-
lizer in thousand tons. Fertilizer consumption was estimated from
equation 5.2 The groph gives the impression that the model ocould
not explain fertilizer conmsumption after 1959 ae mocurately ss before
1959.

3e2e303. Amgregute demspd function with plapt
pugrients unweighted for the period
lﬂi - lﬁ!l

As wentioned before, some of the models pre-
sented may be oriticized on the grounds of low degrees of fresdom.
Becouse of the uncontrolled "experimenta" in the soonomic world and
the correlatiom between independent varimbles, wore degrees of freedonm
should be required to obtain meeningful anawers than in the controlled
biologlical sciences.

The aggregate demand wodels presented so far are based on
fertilizer consumption figures caloulsted by the Division of



ioo

50

¢00

|50

FIG. 5.3. ACTuAL AND ESTIMATED

YEARS

CONSUMPTION OF FERTILIZER If =
(MODEL 5.2) !
{
/
-
-
i
'
I 8
ALK
/ Y
P
____!-
(=
e — —— ESTIMATED
]
& ® ® ACTUAL
| __B Il [l i i
1954 1956 1958 1960 1962 1964 1966

L



14k,

Agricultursl Marketing Hesearch for the period 1552-1966. Professor
E.H. Orchard, Head of the Soil Science Department at the University
of Hatal, independently of the Ddivision, derived fertilizer consump=
tion figures in pure nutrient form for the period 1943=1967. This
thesis hod already reached & draft form when the writer leammed of
these figures and, becsuse of the longer period covered, it is mow
incorporated into tha analjysis.

Since the sdjustment to chenges in independent variables takes
time, the distributed lag model was estimated for fertiliser demand.
This model can be explained as follows whers Y. is the desired level
of use, p ntands for a vector of all relevant prices snd the coeffi-
cients of f(P) are interpreted as long run coefficients (50, p.310)

Y, = 2(2) 548
Equation 5.9 is en adjusteent model which implies that tha actual
change in Y is proportionsl to the difference between tha present
"desired" level snd the past achieved level., The adjustment coeffi-
gient i3 b, When b is equal to one, inatantansous adjustment ia
implied and when b is close to zero, the adjustment to changes in
independent verisbles is very slow.

Xy = Eapteah (1: & Yt.-l) 9+3
Substituting 5.8 into 5.9 yields 5.10 which was estimated by ordinary
least aquares.

Y, = ue(R) + Q-B)Y, 5410
The coefficients of hf{?t} are of "short-run” nature snd the adjuste
went coefficlont cun be derived from the estimate of (1 - b).

In Table 5.2 fortiliser demsnd models are presented for the
period 1943=67. These equations show & vast improvement in fit on



STLTISTICS OF ESTIMATES OF DEMAND FUNCTIONS FOR FERTILIZER, INCLUDING REGRESSION

I=BIE §.2.
COEFFICIENTS, t VaLUES (IN PARENTHESIS) AND RS,  S0UTH AFRICA, 1943 - 1067,

Bquation df d EE Conatant ch{t) cu{tj II{t} Flft-lj
L 21 1,50 » 380 153,363 =1,482.56 0.7915
(o) (t = 3.70) (t = 9.00)
1 20 1.38 | .991 3.8450 =0,8110 2973 6479
(L) (t = 5.54) (¢ = 1.84) (t = 9.38)
L
(1) (t = 5.84) (t =5.04) £t = le42)
5.14 21 1.63 | .a89 6.0749 -.7078 .T458
(L) (t = 4.95) (t =16,05)

0 =  original. L logarithn.

*  Hypothezis of independence rejeocted.

"Lt



those models besed om the shorter period.

Making en sllowsnce for a lag in adjustment, 9% of fertiliser
purchases iz explained by the price of fertilizer relative to ecrops, in
modal 5.14, The varistles fitted in this model are highly significant,
This result supports Griliches' contention that fertilizer purchases
can be explained sclely by the fertiliser/product price ratio (4) (50)
(51).

In equation 5.14 the adjustment coefficiemnt in eatimeted as
b= .25 In the sese model the short run price elssticity is esti-
mated as -0,71 and the long Tun price elessticity as -2,79. In
Griliches' model (49, p. 602) the edjusteent coefficient wes estimated
at +25 which is the same as the mesult obtained above. He also esti-
mated the elastioity of demamnd with reapect to the price of crops to
be =.5 in the short run end =2.0 in the long run, Froo this and other
models reported it does appear es if the price elasticity of fertilizer
is higher in South Africa than in the U.,S.A. Griliches believes thet
his eatimdte of the long run elasticity is somowhat too high and his
estimate of the adjustwment coefficient is somewhat too low due to
onission of other relevant varisbles, He also stresses thet he hes
not besn able to improve on these resultes by inecluding other resson-
able variables like the price of land and the prices paid for other
inputa.

The introduction of sn incowe varisble as in model 5.12 con=
tributed 1ittle to the portion explained. The adjustment coefficient
incresped to b = .35 and the short end long run elasticities are esti-

mted respectively at =.61 and -2,30 for prices end +.30 and +.84 for

inoome
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With an sdjustment coefficient of .25 slmost 80% of the indi-
cated sdjustmwent is completed within 5 years (49, p. €02) and with an
sdjustment coefficient of .34 spproximstely 90m is completeds The long
run does appear to be "far away".

In equation 5.13 sbout 9%% of the varistion in purchases was
explained by the "real™ price of fertilizer, income of farmers and the
stock of assets. Agsuming am instanteneous adjustment process, the
price elasticity increased to -1.2 in this model. The Durbin-Watson
statistic is however smiller then the lower bound snd the hypothesis
of independence is comsequently rejected.

The actual asounts of fertiliser purchased sand the estimated
gquantities based on equation 5.14 are portrayed in Pig. 5.4 for the
period 1944=-1967. The model predicts consumption well except that it
overestisstes during the years 1964-1966, This may partly be attri-
buted to drought conditions that prevailed. For exasple gross valus
of m@ize production declined from an average of H188 o for the period
1961-1963 to Hl48 = for the period 1963-1965 (31). In model 5.14
only the price effect wes considered sand the reduction in spending
power was neglected. This conclusion is supported by estivations from
equation 5.12 which overestizete comsumption omly slightly during the
period 1964=1956, In this equation the income variable was included.

5.2.3.4. Provinoisl model
The provincisal model covers the period
1337 = 136) excluding 1938 - 1945, 1948 - 1949, 1951 and 1955 because
of the lack of census data, Equation 5.15 is estimated in the ori-

ginal fors.
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Yt = = 6Bl + 4,964 X) + 1,45 K, + 17,571 X5 + 85u11 1
(t=.82)  (t=.27) (t=5.95) (t=4.59)  5:15
t 664.3 P, - 23748 Py
(t=1.94) (t=1.49) R e 802
ar = 33
Yt = Toma of plant nutrienta.
I = Frovincisl groea income in mwillion rands deflated by the com=
super price index. Price index 1947/48 - 1949/50 = 100.

Inposes from the following field and horticultursl products were
conaidered: maize, vheat, suger cane, deciduous fruit and viticul-
tursel products., These products contribute sbout two=-thirds of the
incoms from field and horticultursl products.

F, = Price of 1and in rund per morgen on & provincial basis deflested
by the consumer price index. Price index 1947/48 = 19491'50' = 100,
Py = Price of fertilizer deflated by the crop price index 1947/48 -
1949/50 = 100,
Tr = Trectors on farms.
11 = 1 if Cepe, U otherwvise;
X, = 1 if Bstal, O otharvise;

Ij-lﬂrml,nnthml UL_I-IE-I’--J,thmhuEuH.

The incoms elssticity of 1.19, ss derived from the coefficient
in equatiom 5.135, 19 significent st the .00l lavel. This slesticity
wis more significant end sbeolutely greater than the elssticities of
land end fertilizer price. If eurlier results sre slso considered
then it appears that the incowe elssticity is marginslly grester than
unity.

The fertiliser price elasticity is -.B8 end croese price
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elesticity of land is +.48. The provincial price elsaticity for ferti-
lizer is close to the elasticitiss based on mational data. Tha posi=-
tive cross price elasticity supports earlier findings that land and
fertilizer substitute for one another, but the slaésticity is consider-
ably smaller,

The introduction of dummy varisbles pushed up the degrees of
freedom to 53 which is a8 substantial improvement on earlier modela,

The zero-one variables for the Cape and Netal were not dropped
because of the problem of regrouping the date. To test the hypothesis
of no regional differences, the Joint hypothesis Ho: X, = X, = J{.j =0
muat be tested.

It alapo seems resscnabla that the introduction of tha tractor
into the ferming enterprise could have had a stimulating effect on
fertilizer consumption. A demsnd wmodel (in the original form) with
tractor numbers Bnd price of fertilizer relative to crops was found to
explein purcheses of fertilizer even better than the previous equation.

Both variables ere significant at the .001

Yt = 36,542 + 182 X, + 6,814 X, + 9,941 X, - 361.0 P + 1,037 Tr

L F
(t=e08)  (t=2.40)  (t=4.50)  (t=3.32) (t=B.49)
5a16
B = 910
df = 54

probability level. The price elasticity of fertilizer with respect
to crops is -1,35 which is higher than the previous model. 4 coo-
plepentary relatiomship appears to exist between fertilizer and

tractors according to the model. 4 1% increase in tractor numbers

was sssociated with 8 .B0% increase in fertiliser consumption. The



i,

i
i

153

tractor, &8s probably the most important single fector in the mechanisa-
tion process, must have opened the horizons and scope of applying fer-

tilizers to land previously mot cultivated.

9«3  Degend fupctions for feed
5¢3.1s Agaregste demand function
In the following table the elasticities of the demand
for feed are shown for the period 1950-1966 excluding 1951 for which
no deta were available. All the varisbles were tmnaformed to logar=
ithms.

Eguation 5.17 indicates that approximetely 84» of the varistions
in feed consumption cen be explained by only two factors, the lag prices
of feed and the tremd. The price-elasticity of feed also appears to be
leas them one. According to the less succesaful equatiom 5.19, incooe
end capital sssete of farms alsc have an influsnce on the purchases of
feed.

Bec#iuse the dewsnd for the feed input cen be oconsidered ao a
derived demand from the livestock product, feed prices were deflated by
the price of livestock in eguation 5.19.

Heady snd Tweeten (76, p. 369) found price elssticitiss of feed
with respect to ocurrent and past year feed prices of =.8 and =1,%

respectively. Equation 5.17 indicates s price slasticity of =-.9.

5.3.2. Ergvincisl podel
The provincial demend wmodel wam fitted in originmal

fore for the period 1950 - 1963 excluding 1951 and 1955 for which

years census data om feed were not avellable,



I.BLE 5.%, MCDELS OF THE DEM.ND FOR P.RM FEEDS FURCH.SED IN SOUTH AFRIC. FRON 15950 = 1666, OMITTING 1951.
Bquntion R® Contant Pa.l: ) Pift-l} I{ t-1) c': t) T af
(L) (t = 1.22) (t = 4.36)
5.18 568 =255.5 143.21 422.T1 13
(o) (t = 1.61) (t = 4.41)
5.19 495 =27,933 54.038 +.03048 13.659 iz
(0) (t = .33) (¢t = 1,72) |(¢ = 1.86)
ﬂ' = nrim-
L = Iﬂpﬂﬂlﬂi
T = Valus of foru feed purchased (in thoussnd rends) st 1947/48 - 1949/50 prices, Farc feed in-
cludes caige, oats, lucerne, teff, daliry nmeal, layings meal, laying nash, pig senl, bons naal
and salt.
Pu[t} = Frice of feed deflated by the price of livestock products for the current yeor, (1947/48 -
1949/50 = 100),
PB'."I:—.'I.! = Frice of feed deflated by the price index of faurm inputs ineluding labour, lngged one year.
(1947/48 - 1949/50 = 100).
IIH] = Farz incope in thousand rands deflated pricuvs of farn inputs including lobour and lagged
one yoar, (Price index of inputs 1947/48 - 1%49/50 = 100).
O(y) = Capital aseets in million rands ot constant 1947/48 = 1949/50 pricos.
T = Tice pessured ns the laat two digits of the currest year.

*hst
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Y =450 + 74534 X, + 1,823 K, + 5,355 Iy + 7070 1

(t=16.05) (t=3.40) (t=12.71) (t=3.32) 5420
= 51.56 P
(tm1.25) B2 = .928
if = 42

¥ = Provincisl expenditure on stock @nd poultry feed in thoussnd rends
deflated by its price index. Price index 1947/48 - 1549/50 = 100,

I = Groame incowme in willion rands on & provincisl baeis deflated by
the conpumer price index, Price index 1947/48 - 1549/50 = 100.

P = Price of feed deflated by the price of dairy products snd slaughte:
stock 1947/48 - 1949/50 = 100.

l.l. = 1 if Cape, O othervise;

12 = 1 if Natal, 0 otherwise;

ijl:l.'l"l'rlnn'l'ﬂl. 0 otherwise; ifil-lztl}-ﬂ. then Free State.

A decrease of 1l in the price of feed or sn increase of 1 in
the price of dairy products and slaughter stock is estimeted to stimu-
late feed purcheses by .74% This is nesr to the national elssticity
of =-.89 previously derived.

There appears to be a dowveward trend in the feed to product
price which, if contimmed, will stimulate the utilisation of purchased
foead.

The income elasticity of +.47 is significent at the 1p» level.
The income elasticity is relatively low. little reason exista for
incloding income a8 & scale variable., Farsers say, wvith more money
at their dispossl, afford to buy more feed.

The incresse in the consumption of poultry feed over the lasat
few years in South Africe ocsnnot be analysed within this fremework as
it represants a shift of the demand for feed to the right by what
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oconveniently may be called "technological™ forces. [Broiler production
has been increasing st an unprecedented rete.

Other fuctors not measured may alsc heve an effect om the
demand. loprovememt in the nutritive ocontent of feed will ave the
effect of lowering the par unit cost sa in the case of fertilizer.
Production is also getting more specialised and certain regions mey
find it to their relstive adventage to produce feed, for example,
Calvinia where lucerns may be profitably produced under irrigation.
Other regions purchise feed for the pooe reason. The Karco farmers
buy feed to help their sheep through diffioult times.

Dededs Asggregste demend for maize used as feed
Maize feed increased from 1.39 m bags in 1936/37 to

B.90 m in 1949/50 and to 19.54 = bags in 1960/69, The enimel consump-
tion of maize increased by a grester percentage then the humen consump=
tion of meize. From 1949/50 to 1968/69 the animel consumption of maizme
incressed by 119% while the humen consumption incressed by 68%. During
the seme period the humén consumption however showed a grester absclute
inerease frow 18 m %o 30 m bags.

As sbout 8T of feed purchased is maize, it iv desireble to
estimete the demand for this item separstely. Msime can be measured
in bege purchased, which is & homogeneous unit and subjected to less
messurement error tham &n aggregete input such es all feed. Data on
consumption of méize ere available from 1936/37 to 1968/69 which ia
@ wore sultsble basis for predictive purposes than the 19501966
period for which dats are available for sll feed.

In Table 5.4 the estimates of maize feed demend wodels are
presented for the two periods, 1944/45 to 1966/69 and 1936/37 to
1968/69, Some models ere presented for the post-war period in order



TLBLE 5.4. DEMAND POR MATZE FURCH.SED FOR FEED.

SOUTH AFRICA, 1936/37 T0 1968/69 and 1944/45 TO 1968/69.

Equation | Period| 2° | 4f| & | Constant Yim “Mp o
5.21 1o44/45 [,o15 | 22 | 1.46 20,97 ~.187 01202
(o) 1968/69 (t = 5.47) (t = 11,40)
5.22 1944/45 |.910 | 22 |1.05 4.33 -1.574 L8031
(L) 1966/69 (t = 5.09) (£ = 11,89)
5.23 1944/45 .36 | 22 [2.42 9.71 -.083
(0) 1968/69 (t = 2.52)

5 .24 1944/45 l.gz2 | 22 |2.24 3,62 - 727

(L) 1968/69 (¢t = 2.32)

%05 1936/37 [.951 | 28 |2.26 3.58 -.0303
() 1968/69 (t = 1.25)
5.26 1936/37 |.797 29 | .69 |-11.34 -.0379
(o) 1968/69 {t = 1.02)
(0) = eriginal

(L) = logarithn

il

fininal consunption of cnize in million bags {Eﬂﬂ 1be each) for pericd t.
Retail price of paize deflated by the moducer's price of dairy products. 1947/48 - 1949/50 = 100.
Froducer's rrice of maips deflated by the producer's price of dairy products. 1947/48 - 1949/50 = 100,

livestock inventory in nillion rands undeflated.
Liveatock inventory in million rands deflated by the consumer's price index with base year 1947/48 =

1949/50,

B e e

2 B e e E

L

It-l

0462
(t = 9.92)

9487
(¢ = 13.41)

9108
{t = 12.89)

9997
(t = 22.88)

*LET
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to eliminate the war years.

The price of maize deflated by the price of dairy products
fluctuated little during the period considered, without sny definite
trend, This may be sttributed to the production of meize by the
agricultural sector in contrest to other inputs which sre produced
by the industrial sector.

In wodels 5.21 and 5.22 the fector product price elasticities,
i.n. retail price of maize deflated by producer's price of dairy pro-
ducts, are estimated at =1.76 and =1.57+ The elasticitiea of live-
stock inventory undeflated, were respectively estimated for the two
models as .B5 and .80.

The short run price elasticity of usize was estimated at -.79
and =.7T5 in equationa 5.2% and 5.24 reapectively. The long run elas-
ticity was estimated in equation 5.24 as -8.15.

In model 5.22 the Durbin-Weteson statistic i1s Jjust greater than
the lower bound of this test at the % level, [Equation 5.26 should
be rejected because of the prosence of serial correlation. The
serial correlation may be due to the omission of relevent variables
becsuse of the low H- for this model (B = .797). It does appear as
if the introduction of the lagged dependent verisble reduced the
gseria]l correlation in model 5.25.

The genersl iwpression is that the factor product price metio
énd the asseta of all livestook eatimate the animel consumptiom of
maize fairly well., Allowing for s lag in response, more tham 90%
of the varistion in purchases could be explained by the price of
maize relative to the prioe of dairy products. FProbably the moet
puzzling result is the relatively low short run price elasticity and

the relatively high long run elesticlity. A4 emall percentage of the
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indiceted adjustwent consequently takes place in the firet year. It
seems Teasonable that relevent variables are omitted frow the wodels
estigated. Other feeds like veld grezing may also subatitute for
waize, If this is the case then the long run elssticity is too
high, It may be concluded that the long run demsnd is elasstic but
not quite as elestic es estlmated.

It does not appear logloml that the elasticity of demand for
maize is high, while the price elssticity for all feed is less than one
Thie may be sttributed partly to the fact that all feed was meesured in
values but maize in phywical units (bags). The desand elasticities
for all feed are approximstoly of the seme magnitude es the short run
elasticitien estimated for meize.

In South Africa opinion in the peat has suggested alternative
chapnels through which surplus waige could be disposed, The alterna-
tive of utilizing it as feed has been rejected on the grounds that tha
price gap between feed and livestock products is not wide enough to
make this fessible as, for exsumple, in the U.S5.A.

These findinge mey throw some light on the problem. For
example, the direction end to some extent the magnitude of the effect
of 8 lowver maize price on the grain's utilization mam fesd can to some
extent be calculated. The results of Teble 5.4 are optimistic.

With a demand elasticity grester than one, total fara income can be
inoreased through s reduction of the price of maize used for feed.
The increase in total inocose to the waize industry does appear to be
oonsiderable in the long run when stockfeedera have more time to
adjust.

The actusl and estime ted animal consumption of maize is por-

trayed in Fig. 5.5. Estipations are besed on the retail price of
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maize deflsted by the producer's price of dairy products and on the
livestock inventory (equation 5.21). The model has & fairly close

fit which tends to underestimate during 1949-1956 and to overestimate
during 1957-1960, The sisple correlation between sctual and predicted
values is .915.

5.4+  Demand for fue] epd lubricents (provincisl model)

As fuel and lubricants are complementary to tractors, trucks
end other machinery their dewsnds will slso fluctuate with the machinery
stock. The demand for fuel con thus be seen 8s solaly dependent om
that of wachinery. Variables like income end the labour wage rate
will consequently affect the demind for fuel through the mechinery
demand. In the following wodel the direct effects of these variables
are esticated am fuel is considered as snother operating input. It may
be srgued that price and income veriables have a larger short term
effect on the purchases of fuel than on machinery. With cheaper fuel,
vhich means 6n increase in resl income, the farmer may decide in the
short run not to increase his fixed ocspital stock but rether to push up
the operating time of his machines. The price of fuel may also
determine the type of wechine purchased, If fuel is expensive
machines with surplus cspacity will not be purchased.

The expenditure on this item in South Africa is considerable
énd @ separate enalysis may be Justified. The provincisl demand

for the period 1950-1963, excluding 1951, is presented in the follow=-
ing untrensformed wodel:-



mEl

Y= 4,616 + 3,797 X - 2,336 X; + 3,377 X; + 3591 I + 95.96 By = 34401 ]
(tmde87) (t=3.74) (t=7.74) (t=1.85) (%=1.93) (=2.34,
5«27
2. 918
ar =45
Y = Provincial expenditure on fuel &nd lubricants in thousand rends
deflated by ite price index. Price index 1947/48-1949/50 = 100,
I = Oross income in wmillion rends deflated by the consumer price index.
Price index 1947/48 - 1943/50 = 100,
PL-Pﬂ.m of land in rends per morgen deflated by the consumer prica
index, Price index 1947/48 - 1949/% = 100.
F = Price of fuel deflated by the price of labour 1947/48 - 1945/50=100,
x1 = ] if Cape, O otherwvise;
X, = 1 if Natal, O othervise;

Ililiffﬂﬁl'ﬂll. 0 otherwise; 11'11-:2-13-(1, then Free State.

The price of fuel was deflated in the above model by the price of labour,
This implies thet an inorease in the wage rate relative to prices of fuel
and lubricants should lead to grester purcheses of lubricents emd fuels.
Other deflators were also tried but resulted in sigms contrary to what
oan be sxpooted frow coonomic theory.

All the variables have signs in soccordance with economic theory.
There appears to bo & substitution effect between lend and fus)l as the
oporating items With an inorease in the gost of land farmers will
fare sore intensively. With more disposable capital more fusl is also
bought. Increasing weges also have a stimulating effect om quentity
demanded., As previously pointed out some of these variables may

influence the demamd for fuel on an indirsct besis.
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5.5.  Demand for hired faru lebour

5e5.1 Aggregete dewsnd funobion
The hypothesis is tested in this section that the

demand for farm lsbour is & function of ite own price end other
factors. Time series dats were used for the period 1949 - 1365.
The pericd 1947/48 = 1949/50 wes used ss a base for all indexes.
In Table 5.5 elasticities and t velues for the independent
variables are ahown.
Different regression models were used for the following
purposesi=
(a) to exsmine the effect of the inclusion or nonm-inclusion
of variables spsused to have importent effects on the
use of farm labour;
(b) %o coupare results froo varisbles deflated by different
price series;
{e) to estimate short and long run elasticities by including
the quantity of farw labour lagged one period es an eddi-
tional independent variable.

The prioce of labour, the farw wage rate, wves the principsl
explanatory variable in esch equation in Tables 5.5. Inclusion of
other varlables in the specificoation of the model caused the values

of the coafficienta of the original verisbles to be altered sub-
ptantislly.

The prios slaomticities of labour deflsted respectively by tha

priows of sll ferwing requisites, wachinery prices end machinery and
opersting input prices have coefficients =.(3, =-.75 end --.T.-'..

These elaaticition are of 8 long run neture because adjustment to
price changes is sssused to be instantamsous (b = 1).



REGRESSION COBFFICIENTS oD ¢ VALUES (IN PARENTHESIS) FOR DEM.ND FUNCTIONS OF L.BOUR IN SOUTH 4FRIC

RBLE 5.5 .
1949 - 1965 L
Equaticn o d Conatent l"].i.'~t:]1 T !{b-.'l.} Pp
5.28 |.878|1.80 7.0245 | = 6303 0.1118
(L) (t = 5.45) (t = ,60)
5.29 |.830 [1.76 5.2716 2964 -.4379
(L) (t = 1.49) | (¢t = 4,18)
5.30° |.918 |1.85 8,342 -, 0048
(L) (t = 1.92)
5.31 |.901 [1.72 4.5851
(L)
532 «910 | 1.85 183 .56 = 4527
(0) (t = 2,12)
5.33 .925 | 2.22 | 120.18
(o)

L T B

Fix Flo Cl¢-1) | ar
| 14
14
-.T498 15
(t = 7.75)
-.T7689 4629 14
{t = 9¢ﬁ] It = 1-'54]‘
- 5704 15
(t = 7.26)
-.5503 +,0179 14
(t = 11.58) | (¢t = 1.93)

L]
Tioe series data for the period 1948/65 were used. L = Data transforoed to logerithns., 0 = Data in original wvaluss.

= Far: woges deflated by an index of
mepghinery pricea lagped One year.

= Farn woges deflated by an index of

Tu] = Index of expenditure at constant prices on farr labour for year t. PI..‘I[
’t‘{t] ie the independent varisble and is thus not shown in the tabla.
PL{ %) Faro wages defliated by o price index of nll faroing requisites P
copbined,
PI...'P = Far: woges deflated by an index of producers’ prices. c
(1) ysar t.

T = Tine measured as the last two digits of a aplit year.

o noachinery and operating inpot prices.

= Capitzl sssets at conatant prices for
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This demomatrates the effect of different deflators upon demend elas-
ticitien, These resultsa show that en incresse in these input prices
gorresponds with & decreasse in the real wage rote which will result
in an incresse of quamtity of labour demended. The above-mentioned
alastiocity coefficients are all eignificent at the .00L% level.

Aocording to the distributed lag wodel 5.29, the short run
elanticity of labour demsnd is -.44 which is significent st tha .001p
level, The edjustowent coefficient is -?ﬂi- (1 =10« .296) which
givea 8 long run elasticity of -.63. This is in lime with the esti-
mates of the other egquations in which the distributed lag model was
not used. The long run price elasticity is consequently greater than
the short run elssticity as would be expected. A rise or decline in
fare vages relative to prices which farmers receive or to prices
they pay for other inputs does not allow an immediate change in the
reorganisation of the farm. With s drop in wages tive ils needed to
depreclaote out the sachines on hénd and to switoh to more labour
intenalive enterprises. With an incresse in wages tioe sust be
allowed for the buying of additional machines end for soquiring capi-
tal to buy them.

Heady and Tweeten (76, pp. 194-230) found short run elasti-
oities for the U,S.l. taken st the mean of observetions for the
1929-1957 period thet ranged from -.25 to =.48, Their long Tun
elaaticities of lebour dessnd at the mean obeervation for the
1929-1957 period renged from -.53 to -.60.

Sohuh (118, p. 317) estimated short and long run demend

* This coeffioient of sdjustwent (t velue = 1,5) indicates that
T0% of the disorepancy between equilibrium and sctual ewmployment
is eliminated within the first year by the demenders of labour,

Eﬂ. this variable is compared with other studies it sppesrs too
Fia
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elagticities of =23 and =.77 at the 1957 levels using similtanecus
equationn.

Griliches (50) estizated short snd lomg run desand elssticities
of =411 and =.62 @t the mesn levels for the period 1912-1956, using
numbers of lsbourera &s the dependent variable., The elasticitisa at
the 1956 levels from this model wers estimated ss =.32 and =1,7 for
the short and long run.

It may be oconcluded that the price elasticities of farz vages
besed on this study for South Africe sre close to estimates of Heedy
and Twoeten (76), Griliches (%0) and Schuh (118) for the U.5.A.

Heady and Tweeten and Schuh also found that the elasticity of labour
demand had been increasing over time.

In the log wodel 5.29 the weage rate was deflated by en index
of producer's prices. This indicates thet the deménd for labour
has beon rospomsiva to farm product prices.

The coefficient of the ocapital sseets variasble in equation
533 is positive, and hae 8 t value of 1.9. This varisble indi-
cates the response of the demsnd for labour to changes in the scale
of farming as exewplified by the stock of farw msseta. The positive
elasticity suggests that as the scsle of fearwing (capital assets) has
inoreased, thse number of hired workers has elso increased.

The trend varisbles in equations 5.30 end 5.52 have t values
of approximately two. As this varisble has no justification in eco-
pomic theory, it wes omitted from the other equations. Beocsuse of
the inclusion of the trend in models 5.30 and 5.32, these models are,
strictly spesking, not static enywore. The trend variable, however,
can be viewed, not as & specific dynewic essumption, but rather es an

attespt to pick up the effects of owitted varisbles that are highly
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correlated with tise, There appears no substantisl difference in aXx-
plained portion between the trepaforsed end untrsnsforsed models.

The sssumption that weges ocen be trested es exogenous is not
tenable and the simpultenscus equation technique is probebly more

appropriate.

Ss9els

The regional sodel relates to the period 1946 - 1963
excluding the years 1948, 1949 end 1951 becsuse date were not availe
able during these years., Eguition 5.%4 i» estimeted in the origimal
form.

Yt = 160,688 + 94,227 11 + 179,240 :E' - 2,510.3 P + 1,850 Tr

(t=10.50) (t=22.31) (t=6.02)  (t=B.53) 5e 34

B o= 976
if = 34

¥t = Roguler Bantu labour on farme.

P = vWage rete of Bantu regular lebour In rands deflated by the index
of pricesn of other farm inputs. Buse period for other input
prices 1947/48 - 1943/50 = 100,

Tr = Humber of trectors on farss,

X, =1 if Nutel, O otherwise;

H.z = 1 if Trunaveal, 0O othorwise; Aif L.I. = 0, 12 = 0, then Free State.

A 1) inoresse in the real wage is eastimeted to release .51
Bantu workers froo the agrioculturel sector. There also appears to
exist & cooplesentsry relationship between labour end trsctors. A&n
incresse in trector musbers of 1% is estimmted to incresse the decand
for labour by <18k Trector nuobers sey be comsidered as o Teason-

ably relisble index of machimery stook,. The guestion am to whather
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michinery can be regarded as being a substitute or complement for labow
is intervating and debatable. Oowe machines like trectors replace
dreught emimsls while others replsce labour. Trectors are, however,
seen in this ocontext me representing the mechanisation process amd not
a8 an individusl item. It eppears that in South Africa the stage has
not been reached where mechanisation replsces labour. The reason cén
be seen in the fact that in South Africs the Bantu wege rate relstive
to prices of other resources s not inoreased but in Mot decreased
from 1946 to 1963. Feroers consequently do not [ind it econowically
profitable to substitute labour with capital items, On the contmary,
the greater mechanisation bes inoressed the value of the merginal pro-
duct of labour.

Deta on the Cape Frovince were dropped from the model as the
labour mupbers in this Provinoe ocould not be explained by the same
economic variables thet explained labour demsnd in the other Provinces.
This may be attributed to the polioy of the government to reserve the
greater part of the Cape for the Coloureds. There was for the
period under considerstion & gradusl labour build up in the Trans-
vaal, Hetal end the Free Gtate to approximetely 1956. Gince then
labour nunbers have declined slightly.

Hegiomal wodels for White and Coloured regulsr labour, snd
White, Bantu end Coloured domestic servants were dissppointing, and
will not be discussed. These labourers, however, conatitute & small
proportion of the hired labour force.



6.1,  Sowe thecretion] wepects of investment
Investment and demdind are here considered as synonymous, the

domand for fixed ospital being an investment decision. The farwer
in continually confronted with investment decisioms., The capital
ostoock of farvers in relationship to output, is high in ocomparisom with
the other industries. Frenzeen and Willers show capital-output retlos
btased on ull cepital stock snd measured by the ratic of reproducible
real capital stock to real dowsstic income, for the sgricultural,
mining, menufscturing and all sectors, for the period 1944 to 1955 of
3455 240, 1.6 and 2.6 (10, p. 145).

An attempt to smelyse the cooplex system of decision-making
in the field of investwent will be & atep towards an understanding of
farm problems because disagreement still exists epong economisats and
the theory and empirical findings of research workers on investment
bear further examinAtion. Literature on the micro-economic aspect
of investment is plemtiful, but by no means sophisticsted,

Some of the more importent variables in making invesatoent
decisions will now be diacussed.

Gel.ls Imcome
In his theory of output deterwmination for the economy

68 &8 vhole, Eaynee treats investment sisply as en independent varis-
ble. In his more elsborete "margimel efficiency of capital™ theory,
Eaynes epalyses investwent activities as a function of the expected
profit end interest rate (93, p. 44).

Acocording to Kaynes, investment may be further divided into
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sutonomous and induced investment. Autonomous investment is not
dependent om the level of incowme, 88, for exsmple, investmwent in the
Orange River Scheme. Induced investment can e regarded as a: funotiom
of the level of income. In this context the term marginal propensity
to invest is used, measuring the rate of chénge of investment &8s incoma
changes.

Geversl studies cited ty Kuh (91) show profit to be en impor-
tant factor determining investwent. FProfit theorists contend that,
since entrepreneurs should maximise the present velue of expected future
profite through investment sctivity, they will invest according to pre-
sent profits becsuse these clogely reflect Tuture profits {EI'E]I. Eisner
(35, p. 386) found the coefficients of the profit variables to be uni-
formly low in c¢ross ssctions, but relatively high in time sariea analysaia,
Firma in his study wede capital expenditures in the period immediately
following higher profite, btut firms earning higher profits did not
make markedly greater capital expenditures than firme earning lower
profita. Past profite way thus play & rble in the timing of capital
expenditures but they do not affect its long run average.

Grunfeld (65, pp. 211-266) states that the market welue of the
firwm predicta investwent, better than profit. Crunfeld ocomoludes
that the rdle of profits is probably that of a surrogate variable, in
thet 1t tends tc be correlaéted with some of the main forces causing
changee in investment and therefore with investment as well.

Griliches (53) in his demand for farm tractors, owitted income
because he argued that ",,.in the conventional theory of the firm the
firm bes no budget restraint, &nd the production function is the omly
constraint." OSimultanecus equation biss may arise when income ia

used a8 an explanstory varisble. Income may not only determine
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investment but investment cam slsc deterwine income as described by
the multiplier-scceleretor approach. This mey not be as serious in
sgricultural investoent codels ea in industrial osodels.

The argusent for inolusion of met income in the imvesimemt
function is strong sccording to Heady and Tweeten (76). FPiretly,
becsuse it ia en indiostion of the returma from the durable resource.
Secondly, net fars incows is an important indication of the future
ability of the firmer to pay for the ssset. The farver may hesitate
%o invest unless he feels sure about future earning potential and
extermal credit aveilability is often deteruined by the ability to pay
for the lcan.

It is also & coumon practice for fmrwers in South Africa to
accumulste capital assets during years of prosperity to lessen their
income tax burden.

6.1.2. Interest yate
The extent to which investwent depends on the rate of

intarest is atill & debatable topic. It may be argued that the
interest rete will not be importsnt in mking investwent decisions if
the period over which the discounting of future ylelds of an asset is
relatively short.

Several endogenous &nd exogenocus factors, some of which are
not messurable (93, p. 61), may however shift the investment schedule.
Some of the variables will be takem into sccount in submequent sec-
tions 1ike the level of income and existing stock of capital,

Certain shift fectors like wars can be incorporsted in the
investoent funotions by using dusmy varisbles. By incorporsting s

trond veriable, fuctors like inventions end innovetions can to sose
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axtent be sccounted for, In the empirical inwestment demond functions
estimated in this study, prices of products were built into the model
which way &lsgc be comsidered s & measurepent of consumer demend.

However, inebility to estimete the partisl effect of interest
rate on investment way be the result of an inadegquate measurement of
sny of these shift parameters. The Keynesien approach is that changes
in monetary policy affect interest rates and that the interest rate in
turn affecte the level of investwent. Hawburger (63, pp. 1131=1153)
found & more direct link between monetary operation® and comsumer
expenditures on durable goods.

Two ptudies made on the basis of gquestionnaires submitted to a
lerge sample of businessmen by the Oxford Econowiets! Hesearch Group
and by 8 Harvard Business School investigetor "show conclusively that
the interest rate is largely neglected when investment decisions are
being wade.” (103, pp. 96-106). Most of the people who said that the
cost of capitel had no effect on investment in the Cxfoxd study, did
o on the grounds that they relied om self financing, or because
intereat is so smAll an element in cowmparison with depreciation or be-
causa of the uncertainty of the product market. It is obvious that
if the internal rate of return of en investoent greatly axceeds tha
interest rate, considering risks and uncertainty, then the prevailing

interest rate will not affect the investment decision.

6+1.3. Uther assets
In his secular statements, Keymes (93) makes invest-
rent also dependent on capital acouwmlation.
The stock of other sssets wey be an indication of the ability

of the fermer to pay for new capital items or to borrow funds for this
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purposs. Other assets may be couplements or substitutes affecting
the marginal product of the purchased item. Grunfeld (65) measures
the velus of & firm (in industry) by susming up the market velue of
all outstending shires sand the book value of all debt ocutatanding.
Other assets are to ocoms degree an indication of the market value of
the firm se used by Orunfeld (65). This writer concludes that the
wirket value of the firs and stock of plant and equipment move to-
gothar with investoent expenditure over time. He obeerved, in par-
tioular, that the velue of the firm tends to rise in years preceding
troughs in investment snd to fall in years preceding peaks, thus in &
sense predioting peaks and troughs.

Capital apseta inomease during periods of inflation end these
oapital geine moy serve as & source of equity snd funds for investment.
Liabilities are usually fixed obligations like loans that are thus un=-
affected by inflation. Heady snd Tweeten (76) point out that during
years of prosperity farsers can pay their debts snd build their equity,
consequantly the ratic of equity to lismbilities may be used ss & proxy

variable for past incooe.

6eleds Eriges of inputs
Assuming competitive product and fector merketa, the

demand for en input also depends on the price of the input, the price
of the product and prioces of other inputa.

In this study the demand function is sssumed to be homogen-
eous of degree serc. The doubling of all prices will not affect
the level of investwent. The prices may be entered ss retioce into
the wodel, the variables are reduced by one, and sccount is taken of
the price deflation problem.
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Even considering sarning power, income snd other fwotors, the
decision to buy a particular input will depend oo its relative price
or the farmer's belief that it is relatively high or low.

6.1.5. Ihe gocelerstion principle
Tha sccelerstion principle es applied to induced in-

vostment in & single firm way be stated rigorouwsly as (89, p. 116):

Ky =Ky =0 [0;=0u,)
K, = Firm's stock of capital equipment in year ¢t
Elt = Firm's [inal ocutput in year %

a = Aocalerator.

Encx (1966) concludes, using the scceleration principle in
his smalysis, that "from the moment &t which least cost output is
passed there is & poseibility of investwent; but there is no kmowing
just whem the decision to invest will be taken" (B9, pp. 114=133).
This may be & useful tool in analysing firm (or farm) beheviour, but
it does not contribute in explaining the eggregete bebaviour of an
industry.

A basic poatulata of acgalerator theory is that the firm'as
mpitulfmtput ratio may be a0 firmly eatablishad that an inorease in
the demand for the product may increage the demand for capital stocks.
This will only be the case if no surplus capacity exists. Therefore,
& necesssry assunptiom for the acceleratiom principle is that firme
should be operating at full capecity. Frenssen and Willers show
capital/output retios for different sectors for the period 1919=1955
which had remained relatively stable. The capital/output retics for
sgriculture based on fixed capital are 2.3 for 1919=1928 and 2.1 for
1944-1955 (10, p. 145).



175«

In trade cycle theories, incowe is mede dependent on invest-
ment vie the multiplier end investment on incows, through profit ex-
pectations vis the sccelerator, Inwvestwent in dependent not on the

level of income but on the rate of change of incowe (84).

The echo affect states that the older the existing

stock of capital, the greater the replacesent dessnd (100). Einarsen,
however, found 8 low correlation between the age of & fira's assets
and its propensity to invest (100).

The senility effect suggests that & firm which tends to hold
old capital stocks over long periods will resist sny clemge in the age
composition of ite mtocks in the future (100). It is well known
that certain farmers, regions or sectors adopt wodern technology at &
fanter rate than others.

The reaidual funds theory claims that firms rely on intemmal
funds as the source of investment rather than on capital from outside

BOUroEa .

fale7. [he Investment Hodel
According to Griliches (53) it is the "etock of
machines that enters the production function as an input, not tha
onnual purcheses of new mechines.” Hence, he concludes that the
investoent function for mew purchases must be derived from the demand
for the stock, Heady and Tweeten (76) meintain that the veriable
mnipulated by farmers to achieve the proper level of stock is annual
purchases and consequently they used the annual investsent as the

dependent variable. Minden (101, p. 79) slsoc preferred to use
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stmual purchéses mather than stock levels es the depemdent verisbles.

In the present study preference was given to 8 flow demend
equation using annual investment becsuse of the dependence of the
stock level on the deprecistion rate. The Division of Agricultursl
Marketing Research in Pretoris cosputes stocks (aggregate value) by
seswning specific depreciation charges for different sssets. This
depreciation is not necessarily s true reflectiomn of the value of
theoe sseets to the farmer snd may ceuse en imputed over- or under-
eatimtion effect on atock levels., [However, in the case of farm
tractors end trucks the stook veriable, total number of farm tractors
and trucks, wae used. The sape depreciation problem does not exist
in this cé#se. It was, however, necessary to sopume that l',ll.ﬂ a
three year old trsctor can do the same work ae a one year old tractor.
At any point in time great differences in quality exist among durable
items, Also, over time, the quality chamges in the durable sector
are much greater than in eny other sector (65). In contrsst, pro=
ducts such es a pound of teef or & bag of maize, sre standardised com=
modities for any point in time, or period of time. Price data for
dureble items also do not allow for quality chemges. The price of
a durable item is a weighted price of different sises of this item,
introducing a certain amount of biss into the data., When a flow
demend is estimated, instead of messuring the stock of durable assets,
thew the influence which the existing stock bés on the rate of pur-
chases is ignored. New purchascs of s dursble item in & given
period, will be lower, the higher the leval of services obtainalle
from the existing stock cerried into the period.

Locording to Harberger (65), if cars of all ages have the
same service yield, the aggregste service yield of the existing
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stock of cars would be seasured by their nusbers, If the service
yiald of individusl cars is proportional to their value, the servioce
yield of the stock would be messured by its eggregate velue. Sinoce
cars tend to depreciste by & comatant percentage of their value each
year the "sggregate velue" appears to be & more appropriste meassura,
In thin study the "aggregnte value“ dats were found to be unrelisble
and they were consequently not used. Apart from having to assume &
gertain deprecistion patternm the maintentinoce costa, taxes end interest
chrgons may aloo be different for different dureble items. Mainte-
nance coots cem also substitute for new purchéses. Froa this dis-
ousaion it is clear thet no ideal messure exists to capture the ser-
vices from durable items. In prectioce the researcher must rely on
available dets end often, as in the case of this study, is not given
a choloe of pltarmative data series,

Harberger (65, p. 6) says that demsnd studies for durable items
"do not attenpt to schieve precise and umsquivocal estimates", these
studies must be compidered se an "effort to enower rather brosd gques-
tioma", The studies reported in this thesis, in fect all sconometric
research, corm bo seen in the spirit of this statoment.

With a totel fixed investment in South African agriculture of
=more than B6,000 a (31, p. 86) the effect of multipliers snd
accelerators oom probably not be completely ruled out. Mirakhor gnd
Urssew showed that §1.00 of form income in Msnsas genermted ¥3.33 of
income in the whole economy, whereas §1.00 of non-farm incowe gener-
ated cnly #l.46 of total income (102). In South Africa econoumiste
are generally aware of the inflatiomsry effects of s good maise or

other major crop.
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Single equation investment functions are used throughout the
study es it is belisved that current prices are predetermined in the
non-farw sector. It 4is thus sssused that the supply of farw mschinery
is highly elestic snd that the supply and demend functioms of machinery
nead not be estimated simultanecusly.

The statistical resource demand model which wos used in
Chapter 5 will be fitted in this chapter (see equation 5.1 for ex-
planation).

6.2,  Demsnd fupctions for fam trsctors
642.1. Aggreste model
A lag desand wmodel for farm tractors for the period
1950 to 1964 is specified in equation 6.1 where the origindl values
vore trenaformed to logirithes.

It = 448419 = 3812 P + THU I{t-i}

(t=5.54) (t=28.18) bol.
o
A4 = 2,48
df = 10

¥, = Nugber of fars tructors for the curreat jyeer.
P = Price of fars trectors deflpted by the price of sll farm
labour (1954 = 100).

In sltermative oodels, the price of tractors was deflated by
the price of cropa end the price of all fare requisites, btut the
prioce olasticity of ferw trectors turmed out non=-eignificant end
the models are comsequently not reported.

Both the price and the lag nusber of trsotor wvariables are

highly significent; and explain for all prectioal purposes 100% of
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the total varistion in trector numbers. The low degrees of freedom
chet sBome doubt on the relisbility of these estiostes.

The short run price elasticity of tmactors is -.38 which is
relatively low. The adjustoent coefficiemt is b = 1 = 734 = ,266,
indicating that 2Th of the adjustment to em equilibrius level will
ogour in the first yesr after the displacement took place. The long
run price elasticity of trectors is -1.43, indicating an elastic long
Tun deménd compared with the inelastic short run demend, These re-
sults are very close to that of Griliches (53, pp. 181=207) for the
U.8.A. Criliches found & short run elesticity of =.25 and a long
run elapticity of -1.5. DBecsuse trsctor prices &re deflated by &n
index of farw wages, 8 lm change in trector prices is assumed to héve
the same percentage effect on trsctor nunbers as & 1% chénge in the
wige rate. The elesticity of this "real" tractor price is megative
according to wodel 6.1 implying that & decresse in trector prices or
an inoresse in the wage rate will stisulate the quantity tekem by
buyers.

From the sspumpticn thét sdjustment is instantaneous, the

following model in original form was tested:

T = 270,039 = 2,166.1 F + 087997 Li4a1)
(tw9a56)  (t=1.24) 6.2,
2o 95
d = 1.45
df = 10

I[t-l}l = Cash incowe, in thousand rends, deflated by prices of famrm
inputs including labour, lagged one year. (Price index
1947/48 = 1949/50 = 100),



Varisbles ¥ and F are the same as in wodel 6.1.
By iuposing sn sdjustwent coefficient of "1" on the data, the

o2

is decreased se in equation 6.2.

The income varisble is positive with a + wvalue that is
greater tham 1. The price of trector variable is highly signifi-
cent. From models 6,1 end 6,2 4t say be ooncluded that the cash
income of fermere lagged one yesr has little effect om the purchases
of fara tractors.

Bo economic model cen be considered to be unique smd the only
oodel to explain economic dats. For this meeson the wodels should
supplesent each other end not be seen sa contredictory. Comparing
the two models, 6.1 sppesrs to be superior. Oriliches (57, ppe 33 M

shows that if the true equation ia 1|tt-m‘|:t+1:,h whare the errora

era sarislly correlated “t-mt-

b

but ¥, = aX

£ + hrt-:l. +V

t t
is estimated, them the coefficients in the latter wodel wmay be signi-
ficant snd the serisl correlstion may be reduced by the introduction
of the lsgged dependent veriable. Thus the partisl adjustoent modal
may work even though it is wrong. In this case the true equation

+ bk

can be written as ‘.Et-alt+hr_ t-l""'t' In the above

t=1
modale Ut' ?t end @, aTe the error components, This hypothesis is

tested in the following serisl correlstion model:

I‘t = 4,899 - 4039 Pt + <7303 T'I'r-]. + L0194 Pt-]'.
(t=3.06) (t=23.06)  (t=s162)

B - .99

if = §
vhere the variables sare trensformed to logarithms, The lsgged price
of trectors ia not significent which leads to the scoaptance of the
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partial sdjustment model £.1 amd the rejection of the serial correlated
wodel. From this it appears ss if the coefficlents of the partial

adjustment model are significent and senaibls "for the right reasons",

6.2.2. Erovincis] sodel
In an attespt to incresse the degrees of freedom, &

modal bAsed on cross sactions] and tioe series dsta combined was ocon-
structed for the period 1950 - 1962, excluding 1951 end 1952, becsuse
censua figures of trector numbers were not available, HModel 6.3.

was run in originsl valuss.
Yy =9,546 + 15,486 X - 4,380 X;, + 14,238 X; + 39,27 I, + 537.9 Py,

(t=3.78) (t=1.02) (£=5.37) (t=3.36) (t=2.02)
T 8
o 2}2'1 PT - E—l-zl]. Pm

(8=2.79) (t=2.02)

‘l't = Tractor mumbers in the provinces.
H-lﬂﬂlp,ﬂﬂhﬂm;
X, = 1 if Natal, O otherwise;

IjllﬂTﬂﬂnh'I!l.ﬂﬂt}ﬂIﬂi&ll LTKI-H,EE-G,IE-D, then
Free State.

It-ﬂ-mn inoome from main orops in million rands on & provincial
basis deflated by the consumer price index, Price index
1947/48 = 1943/50 = 100).

PI.t' Price of land per morgen on & provincial basis deflated by cone
suser price index. Price index 1947/48 - 1945/50 = 100).

P'I' = Price of trectors deflated by a weighted wage of Whita, Bantu
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and Coloured reguler labour on & provincial besis. (1947 and
1950 = lﬂﬂ}.

P

c ™ Price of livestock deflated by the price of crops on a provin-

cial basis (1947/48 - 1945/50 = 100).

With the aid of model 6.3 an estimate of trector numbers &t &
partiouler point in time for eny of the four provinces cen be made by
pubstituting the relevent income amnd price variebles. For example,
to estimate trector numbers in the Trensveal, X, end J"-E are egudted
to zero, and .H.} to 1. To wake eén estimate of trector nuambers in
the Orenge Freea State, J[l=li.'?. 12-1.3 and -.Itﬁ-'ni

Model £,3 1s 8 stock demdnd model because the total number
or atock of tractors 1a used e the depsndent varisble.

More then 90% of the provincisl stock numbers of tractora is
expleined by inocome, price of lend, price of tractors, dummy variae=
bles and the livestoock crop price ratio. All variables have coeffi-
cients greater than their standard errors end the equation appears to
be satiafactory both from an economic end & statistical point of view.

The tréctor price elasticity is -.96 at the mean levels for
all four provinces and this is significent at the .01 level. As the
short and long run elasticities are forced to be the same, this elas-
ticity can be expected to be sowewhere between the long and short run,
which in fact is the case. Compare the price elasticity of =.96
derived from model 6.5 with the long and short run elasticities rea-
peotively of =1.43 and =.38 of wodel 6.1l.

The income elasticity ie .66 which is significant at the 1%
level and numerically smaller than the price elasticity. This sug-

gests that farmers will resct more to & l» price change of trectors



183.

than to 8 1% chenge in income, The groes income varisble wves used
because 8 pet income verisble could not be computed, However, by
using gross incoms which is the some as esggregete cutput,ea a variakle,
the demand function may be seen as transformed into scepacity model.
The significance of the aggregate output varisble indicates that in-
vestment is proportiomal to the positive rete of change in output and
not influenced by the expected eemrming power of the inoresmed output.
Models using cepagity theories have been successful in both agrioul-
turel and non-sgricultursl investeent studies (115, pp. 184-158), (92),
(46, pp. 338-357).

The price of livestock deflated by the price of crop variable
is positive which could seen that the livestock price warisble was the
wore isporisnt decisiom variable (101, p. 135). Minden (101), finding
the same result, sttributed this to the Isct that orop prices ame in-
flusnoed by numercus exogenous influences such as govermment fare pro=
gTummes and the internmational trede situation,whereas livestock prices
are less influsnced by exogenous forces. This applies also to South
Africa where prices sare arbitmarily fixed for products like saize and
vinter cervals which fall under the one chamne]l fived price schowmes.
Jhe prices of livestock products are determined on the open market
sxcept in the case of industrisl milk and cream for butter, which fall
under the above-mentioned schewe. Fresh milk and oresm fall under the
one channel pocl schemes. The Control Boards may support the prices
of meat and other crope under the surplus removal scheme (24). Onmly
e semll percentage of cash orope is sarketed through livestock in
South Afries which =8y cast some doubt on the positive sign of the
livestock to crop verisble. This could slso cean the greater use of
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sachinery for producing forege orope which is en important pert of
erop production,

According to the above model, trectors end land are substi-
tutea. To some sxtent tréctors and land may be either substitutes
or complementa,

The t velues of the dusmy variables in the model show that
their introduction wae necessary.

If tractors do not deteriorete such wvith age, them the desand
for capital es & productive asset is a demand for the number of
machines., It is consequently sssumed, for exsmple, that a four jyear
old tractor can do the sape work &s & nev trector. This sppears to be
a realistic essusption for all prectical purposes. Oriliches (53,
pp. 181-207) pointed out that "it is the stock of machines (tractors)
that enters the production function &8 an input, not the snnual pur-
chases of pew mechines. Hence the 'investment function', the demend
function for new purcheses, musat be derived from the stook." Other
mothods of measuring the demand like the expanditure on new tmotors
or machinery may be more undesirable. To derive the guantity de-
manded in real terms the expenditure date must be deflated by the
price of the input, Oriliches (49), Tweeten (132), Mindem (101),
ond others deflated the quantity demsnded in this way. It wes also
adopted in the present study., The writer, however, thinks that by
deflating the dependent varisble bty the mumerstor of one of the inde-
pendent variables some kind of built-in dependence in the model may
result. He aleo considers this to be more serious when data ere not
reliable and beceuse of this, he hae ae far as possible relied on

sctual census data end not on interpolations. Interpolations
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between two benclmerks cno year spert was considered to be in order
for stock numbers becsuse it is the desired stock that is decanded
and not the actual stock.

Griliches (53) found tiet (for the U.S.A.) the price ratio of
tractors %0 crops wes significant, vharess that of trectors to labour
wes not. In this study the price matio of trectors to labour was
significant but mot the price matio of tractors to crops (not pre-
gented), HRaymer snd Cowling (111) errived et & result for the United
Kingdos similar to that of the present study for Scuth Africa. An
argusent used to explain the ocontradictory results between the U.K.
and U.5,4, was the greater ioportance of hired labour in Upited
Kingdow sgriculture with labour costs forming s much higher propor-
tion of total production costs in the U.K. than in the U.,S.A. This
argusent may &lso be used as an explanation of the results arrived
8t in the study for South Africs.

It may be argued thet the sotual substitution wao between
tractora and dreught aniwsls and not between tractors end lebour, It
wie, however, noct possible to test this hypothesis bacause of the
lack of census data on draught animals. Oriliches (53, p. 194)
found for the U.,S.A, "that changea in the stock of horees and miles
hed very little impact on the demand for tmeotors.” The coefficient
of this variable was not significantly different from sero in his
models. The writer views this substituting relatiooship, mnot so
such as & substitution between trectors and lsbour, but rather as

a substitution between lebour and the mechanisation process.

* FPor example making an eotimate for 1951 when census figures
for 1950 and 1952 are available.



1B6,
6.3 b r new machine im ts and tractcre
g te model

Because more dates were aveileble on the eggregate demand of
new machinery, implements snd traciors thén on the sepsrate demand,
the forwer was also investigated. At the outset it may be reasoned
that individusl demand equatioms should explain the stock or purchases
of this aggregate varisble much better, due to differences in indi-
vifdual price movements and other factors.

Equation 6.4 represents a demand wodel in the original forw
for the aggregate source, namely nev machinery, implements end trsctors
for the period from 1946 to 1963,

T = + 58,492 - 1,108.6 By + 293.5 Buo * 356.,0 B 305.6 T
(tm=3.19) (t=0.82)  (%=2.72) (=0.90) Buds

R = «824
af = 13
d - 1112

I = Value of new machinery, implements and tractors h thousand
rands at 1947/48 - 1949/50 prices.

PH = Weighted price of mechinery, implements snd tractors for the
current year deflated by the price of oropa (1947/48 - 1949/50 =
100) .

PHE = Price of non-capital inputs for the ourremt year deflated by
the wholessle price index. The itew, non-capital gooda, in-
cludes fuel, fertilizera, farm feeds, packing meterial, dips
&nd sprays, spare parts and repasir charges. (1947/48 =
1949/50 = 100},

P_ = The parity matio; price of product/price of factor. This

variable is the retio of prices received by farwers for
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produsts sold relative to prices paid by farvers for production
factors, (1947/48 - 19459/50 = 100).

T = Time.

The price of muchinery, imploments and trectors wes significant
at the .005 level. This weas more signifiosnt than any of the other
variablea,

The product relative to factor price varisble had the expected
sign and wue significant ot the .10 level. Thus an inorease in pro-
duct price, goteris paribus, will incresse purchsses of machinery.
This way be due to

(1) Adwprovement in the relative position of the farmer;
{2) the farver way feel more optimistic becsuse of the product
price inorease, and reason that he can afford to spend more,

An inoresse in prices of all factors resulting in &8 more

unfavourable parity ratio will have the oppoaite effect

on the farmer.

A positive sign of the real price of non-capital fectors indi-
cates 8 subsatitution affeact between thesse factoras and aggregste
mschinery. This variable however was not significant.

The time trend had & t wvelue of less than ona &nd so 4id not

contribute much in explsining the variability in the dependemt variable.

5-41

The least squares estim@ting equations of the demand
for new machinary and implements 8re presented in Teble 6.1 for the
period 1954 - 1568, All veriables were transformed to Naperian

logarithms, axcept the time warisble which is in original values,
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AND IMPLEMENTS IN SOUTH AFHICA. 1954 TO 1964,
Bquation| o2 'd | Constant ?t LY P!:I T ar
ﬁ-l 5 r?ﬂ-ﬂ, E-].E ].Ti- TBL'I. -ll'T'E'm --'WH- 1.2
(t=d.B5)
(t=le61)
B.6  |.556 [1.17 | 1B.1926| -1.548 -+4275 12
(t=2.14) (tmal)
6.7 «837 12,37 | 19.2183| -1.965 =,0161 (12
(4=T.26) |{1:-¢.ED}

Y = Value of new mschinery snd implesents (in thoussnd rands) pur-

chased for farm use at 1947/48 = 1949/50 prices.
P, = Price of mechinery and isplesents daflated by the price of cropa
for year t.

Fre

(1947/48 - 1349/50 = 100).
= Price of non-capital goods for period t deflated by the whole-

sale price index., Tho item, non-cepital goods, includes fuel,

fertilizers, farm fesds, packing meterial, dips snd spraye, spare

partes and repair charges.

(1947/48 - 1949/50 = 100).

T = Time measured as the last two digits of the ocurrent year, taking
54 for 1554‘ otos

The elasticities of dewand 8t the current year's price (egua=

tion 6.7) and last year's price (eguation bs 5) were both significent
st the 001 level.

The price elasticity of the demind for mew méchirery and imple=

sonts is scocording to Teble 6.1 spproximatsly -1.8.

For equation 645

wost (64%) of the veristion in purchases of new machinery wes explained

by lagged mschinery prices snd omly &sn sdditional six percent was
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explained by introducing the time veriable.

The non-gapital goods varisble is not significant but the nega-
tive sign indicates a compleventary effect between this variable and
machinery purchases. It is an obvious result because an increase in
(say) fuel prices will reduce the purchases of certain farm wmachinery.
(n the other hand, meny non-capital production factors will substitute
for farm machinery amd consegquently result in a positive coefficient.

Several other wariables were alsc tried in alternative mndnl:'
but without any success. This failure may alao be attributed to
intercorrelations with other independent varisbles and insdequate
degrees of freedom.

The time variable is significant in both equations 6.5 and 6.7.
This could &lsoc be correlated with other relevant variables which have
been omitted from the wodels. The fect that the time variable was
negative may be attributed to the consolidstion of farms during the
period. Farm consolidation mey cause & reduction in the overall
machinery input because of more efficient use of the resourge or dus
to surplus capacity on farms before consolidation., This process may
be highly correlated with time. It was shown in Table 3,11 of
Chepter 3 that farms over 1,714 hectares increased from 10,955 in

1930 and 11,881 in 1955, to 13,175 in 1962,

bsde2s FProvineial model
A regional untransformed wodel was fitted for the
years 1954 - 1963.

It = 55564 + 1,104 11 = 1,153 IE + BB J-’,j - 574.7 B = 12,19 EHI[t-l}
(twfa8l) (8=5.70) (t=5.78) (t=1.45) (t=1.50)

B = .540
df =30

E‘.E.
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Y = Provinoisl expenditure in thousend rands on new michinery,
vehicles and loose toola deflated by its price index.

1947/48 - 1943,/50 = 100,

=]
]

First mortgege bond interest rate for the current year.
PHI:'t-l]' = Price of mechinery deflated by the provincial crop price

index and lagged one year. Price index 1947/48 - 194%/50

= 100).
Kl = 1 if Cape, O otherwise;
Xy = 1 if Hatal, O otherwise;
I5 = 1 if Tranavasl, 0 otherwise; if]'[]n}iz-l}-ﬂ, then Fres

State,

The ferm mortgege rate haes &8 ocoefficient greater then its stan-
dard error and the expected sign sccording to economic theory. 4 de=-
greage of 1In in the mortgage mate is expected to inoreese machinery
purchases by 1.35% which is relatively elastic. Grilichea {Ej} a8 ti-
mated the interest elasticity of the demand for tractors a@s =1.0 in
the short and =5.8 in the long run. He also expleins the demand for
tractors as solely a function of the price of tractors deflated by the
price of crops and the farm mortgage rate. The demand of a durable
input, in this cese farm mechinery, is acoccrding to the theory of the
firm also dependent on the rate of interest.

4 1% increase in wachine prices relative to crop prices is
estimated to reduce quantity demsnded in the following year by .B05%
at the mean lewel for the four provinces.,. The eleasticities of
intereat retea were consequently estimsted ms greater than the price
elasticity, Harberger (65, p. 14) points out that since interest
is only a small fraction of the totel imputed cost, the intereat

elesticity can be expected to be smaller then the price elBsticity.
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Yet Griliches (65, p. 193) estimsted the interest elasticity as approxi-
motely five times greater then the price elasticity for farm troctors,
Hp sttributes this partly to the sluggisimess of the fare sorigsge
interest rate series used, underesatimsting the real verisbility in
the marginal retes of interest.

The dummy varisbles ere highly significent and the factor
dosaind functions ere st four definite planes, one for every province.

6.5,  Depand functions for lorrjes

BaBele  Aupzeqnte model
The model 6.9 represents & deménd function in e logar-

ithmic trensformed form for lorrles covering the years 1922 - 1964,
excluding the war yoarn 1956 - 1944.' The data for these years were
omitted after an exanination of pricesm and incomes for these yesrs.
If prices of lorries sre deteruined independently from farm
purchases, then their demand can be estimated froc 8 eingle equation.
Ty = =0.3407 = 3423 P, + + 6646 T,q + 7898 I,

(t=1.04) (t=5.83) (t=2aT1) 6.9
e 985
d = llﬂ'ﬁ
if =« 11

It-fnllhurﬂfmnﬂ.ll!ll‘rm of lorries by the Agricultura]
Industry in period t. (Calendar year).

Pt-rﬂmnrlmﬁuﬁumhdb;ﬂ-muurwmiulﬂu
year besis. (1950 = 100).

I, = Oross value of Agricultursl production (in million renda) st

* The model was re-run in teres of original values. '!h; hiow=

ever dropped to .92 and the t wvalues also showed s substantisl
decressa, :
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1947-48 to 1949-50 constent prices, This incowe varisble was
lagged six months because the real income of the split year
(exsmple 1947-48 corresponds to the period June 1947 until
July 1948) was regreased on new purchases of the ourrTent year.
(In this example 1948).

The distributed leg model was used in the above esquation.

The adjustsent coefficient 18 b = .34 because 1 = b = .06,
This indicates that the disequilibrium due to price end income changes
is mot eliminated all st once but 34% of the indiocated adjustment is
completed in the first year, The elasticity of demand with respect
to mmlprinnrlnrﬂuu-.ﬂinthnuhnﬁmmd%'-l.ﬂ
in the long run. The long run price elssticity is substantially highe:
than the short run elasticity.

Aocording to equatiom 6.9, the short run income elastioity ia

equal to +.79 and the long mun incose elasticity is equal to
11&-2.}2. Thus & 1% increase in farm income for & specific year
w;.llmu- +7%% incresse in the purchsses of new trucks for that pame
yeir. The total effect of this inorease in income will be to in-
cresse purchases by 2,32k In model 6.9 it ves sssumed that the same
smount of lag is present in the incowme snd price werisbles. If this
is not the case the long run coefficients will be bissed.

The price ratio of lorries to crope and the gquantity ratio
of lorry numbers to agricultursl production are portrayed in Pig. 6.1.
The two graphs appear to be symmotricsl in nature, particularly before
World War II. GBince World War II price mtiocs have remsined rela-
tively stable but quantity matios experienced great fluctusations.

Fig. 6.2 shows the sctual and estimated veluss of fars trucks.
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FIG., 6.2, ESTIMATED AND ACTUAL LORRY NUMBERS,
1922 — 1964 EXCUDING 1836 — 1944.5.A.
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I — — — ESTIMATE
e
o * * s ACTUAL
[Fal
|
=
E
60 s
7]
=0
E r
. ./
: &
2 A /
"'ul- .|" I'l, If

of-® ~ s

/ *\ /

f f

PR e

20L “"I,a s
.
.
—
[
T = r
¥ » .
o i, .
. :l.J'J. I » i i 1 1 i ' P -
1920 1925 1930 1935 1940 1945 1250 1955 1960 1965

tGi



195.

The wodel appears to estimate the number of new registrations well over
the period analysed, although some tendency exista for this function
to underesatimate purchases in recent years.
645.2. Provinoisl sodel
The regional model was constructed om originmel data for
the period 1950 - 1962, excluding 1951 - 1954.
‘It = 16,406 + 18,403 .lI + 7,738 X, + 15,6812 J.} + 23.421 1 - 221,22 Pt—l

(t=7.64) (t=2.76) (t=6.49) (t=3.66) (t=2.85)

E.lﬂ
H = «203

Y, = Number of lorries on farea.
I = Groes incowe in million rsnds deflsted by the consumer price
index. 1947/48 - 1949/50 = 100.
P,y = Price index of lorries deflated by the index of all farm
labour (1947/46 - 1949/50 = 100), and lagged one year.
X, =1 if Caps, O otherwine;
X, =14if Ketal, O othervise;

.‘Ij =1 if Trensvaal, 0 otherwine; 1111-12-1}-1’}, then Free
State.

The price elastiolty of farm trucks with respect to the wage
rate is estimated at -1.83 which is more elastioc than the prioce of
trucks deflated by the orop price veriable. The national model wma
constructed for the period from 1922 to 1964 and the regional model
for 1950 to 1962, The difference in elasticities could be becaune
the price veriable became more elestlc during the latter part of the
period. An income elasticity of +.71 wee estimeted for the
regional function.
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6.6,  Demapd fupotions for punping equipvent

6.6.1. pmeregute wodol
The wodel 6.11 represents a demend function for pumping

equipsent used on farme covering the years 1954 - 1968. All the varis-
bles were transformed to logarithuos except the time verisble which is in
original unita.

¥ = + 13,6810 - 0,725 Eﬂt = 0,01135 T - 0.3346 PIt—l

(t=1.53) (t=1.00)  (tw.48) 6.11
- T
d = 1.91
if = 11

T = Valus of pew pumping equipment (in thousend remds) st 1947/48 -
1949/50 prices.

Bo, = Price of pusping equipment deflated by the price of crops for
the current year. (1947/48 - 1949/50 = 100).

T = Time peasured as the last two digits of the ocurrent year.

Pry.y = Price of pumping equipment deflated by the price of inputs

end lagged ome year. (1947/46 - 1949/50 = 100).

The prioce elsstioity of demsnd sccording to curremt prices ia
approxisately =-.T. The prioce elssticity besed on lagged prices and

deflated by the price of inputs has the right sign but 1t is not aig-

nificant.

Other varisbles, like cash income, were also tested in s
demand model for pumping equipment but they were deleted beocsuse of
gigns contrery to economic theory. The reason for theee unexpected
Bigns was multicollinearity end insufficient degreea of freedom.

The only pertially successful attespt was to re=run the
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originel wodel om untrensformed variables, dropping PIt-l snd in this
case the prioce elasticity of demand for pumping equipment is =.8.
Y = 12,370 - 44,216 Pp, - 53.297 T
(t=1.78) (t=1.12) 6.12

Ez - «810
d - l-ﬁﬂ
df = 12

6+6.2. Provincisl wodel
A provincial demend wodel wes fitted om expenditure

data for the period 1954 - 1963 in the originsl forwm.
¥ = 3,546 41,770 X; = 443 X, + 800 X, = 322 K = 8.00 P
(t=11.09) (t=2.46) (t=5.73) (¢=1.17) (t=1.10) 6.13

B = 902

iaf = 3

‘ft = Provincial expenditure on pumping eguipment daflated by ita
price. Price index 1947/48 - 1949/50.

B = First wmortgage bond interest mate.

P = Prioce of pumping equipment deflsted by the prica of cropa.
1947/48 - 1949/50 = 100,

11 = 1 if Capey O otherwise;

X, = 1 if Natal, O otherwise;

13-11{Tnutul,ﬁnthlmi.u;j_fxl-IE-I.j-D, then Free
State.

The rate of intereat and the real input price have expected
8igns but their t wvalues are just greater than ome. The estimated
elesticities are respectively -1.61 end =.55. As in the case of new

machinery and equipment the interest rate elasticity wae estimatad to
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be higher than the price elasticity of imputs.

It seoms that other fmctors like natursl conditions which were
not sccounted for sust also sffect the demand. When farsers comaider
buying pusping equipsent they may expect that the internal rete of
return on this equipment from irrigation will cover the interest rate
by far, in whioch case the latter will not influence the purchase.

The significance of the dummy varisbles can be considered as
responsible for the high B° and not that the econcmic verisbles effece
tively explain the demand.

6.7«  Demend funotions for spare parts

EaTsls Aggresste sodel
A demand equation wes fitted on original data covering

the years from 1950 to 1967, excluding 1951, becsuse dats were not
available for that year.
't' 15,215 + 03882 I, - 214..64 B,
(t=3.31) (t=1.73) 6.14

¥ ol

d = .45
af = 14

Y, = Value of spares st constant prices. (1947/48 - 1949/50 = 100).
Spares include shiares, plough disca, lsndeides, wouldboards,
barrow teeth, birrow discs, oower knives and trector spares.

I, = Cesh farw income in thousend rends deflsted by prices of famm
inputs end lagged ome yesr. (Price index 1947/48 - 1949/50 =
100).

Pt-Primuflpmd-ﬂ.hd by prices of inpute and lagged one
year. (1947/48 - 1949/50 = 100).
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The ceah incomea of farmers and the pricea of spares alone
axplain 5% of fermera' motivations to buy spares. Mony other
feotors for which dats are not aveilable, like the uversge age of
machines on farms and the introduction of new machines may be the
regson for the relatively large unexplained portion.

The sutocorrelation in the model is very serious according to
the Durbin-Watson test, The estisetors of the true parsseters are
8till unbissed but the sexpling varisnces may be considersbly under-
estimted. The simple correlstion coefficient between errore in
period t, U, end U, vas found 4o be T = 7328,

The correlation coefficient r wae used to tremaform the
variebles {1" - I[t-l}]' {It - ﬂ[t—l}J and {Pt -T Pl'.t'l:l} and the

simple lesst aquares wes again spplied.
T} = 4,507 - T1.03 P} + .02768 I}

(t=1.05) (t=3.32) 615

EE: - |4-1.u

d = l.48

df = 13
‘.r.'!‘. Pl and I{ are the transformed variables. The Durbin-Watson stat=
istic in the trensformed model is greater than the upper boundary for
d @&nd the hypothesis of independence camngt be rejected at the H
level. The aigna of the variables sre ss expected snd the coeffi-
cients of both pricesa and incomes are greaster than their standard

@IIOCA .

The quantity 4,507 ie an eetimete of (1 = r) comstent ters,

* It wae speumed that the sutoregresmsive scheme is of firat order
where r in estiusted as Ut - ﬂ‘b—l + e !{nt] = 0,
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so thet relation 6.15 mey be stated in terms of the original values &8
It - IE.BEB = T1.0} Pt + 02788 It 6.16

6.7.2. Provincis) model
The regional demend model estimated in original form

coveras the period from 1950 to 1963, excluding 1951, 1952 and 1355,
because this item was not reported for those census yesrs.
T, = 11,74 + SeT42 ‘l.l. + 2,346 X, + 5,102 l, + 5.108 It = 145.6 Py
(t=B8.35) (t=3.57) (t=8.52) (%=2,00) (t=6.84)
6.17
lz - +HH
ar = 37

T, = Provinoial expenditure in thoussnd rends on weintemance and repeir
of mechinery deflated by its price index. (Price index 1947/45 -
1945/50 = 1004

I, = Grose incowe in williom rends frow the wein orops on & provincial
basis deflated by the consumer price index, Price index 1947/48 -
1949/50 = 100).

Pt = Price of apure parte deflated by s welightad wage of White, Bantu
end Coloured regulsr lsbour on a provincisl basis. (1947 end
1950 = 100).

X; = 1 if Cape, O othervise;

12 = 1 if Natal, O otharvise;

1}-1u1num1,ﬂutuzﬂu| HH'IE'IS'D' then Free Stata,

The aignificence of the dusmy variables shows that there is @&
difference in the lovd of "regionsl®™ demsnd which hes been edequately

accounted for.

The coefficient of the regiopel income wvariable ie twice that
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of its stendard error. The incooe elssticity is +,35 which is fairly
low, Fermers may prefer, with a substantial inore#se in income, to
buy new equipment.

The price elaaticity is -1.56 which indicates thet farmers
respond more readily to & chenge in relative price. This wariable
is highly significent. With an incresse in cost of labour; farmers

will substitute labour by spending more on machinsry.



If inputs respond to relative price changes, so must fare
output. Thus & study of input behaviour cen slso provide an imsdight
into the response of farm productiom.

It can be shown that the supply elasticity is & weighted
sverasge of ell the elasticities of demend for individual inputa with
respect to the price of the product. When the factor %o product
price mtic iz used in the dessnd model the demand for an input with
reapect 1o input price is forced to be equsl in megnitude, but oppo=-
site in sign, to the demind for the seme input with respect to pro=
duct price. If it is sssumed that fRotors get paid the velue of
their serginal product, then the appropriste weights are the facter

Griliches (50, pp. 318-320) showed that the mggregate supply
elasticity can be derived by using & production functiom.

Iﬂt Iw I'[Il ] xE - Iﬂ.:l Tll

then dY & o =} § *Eﬂ Te2

dey &, &Py BX dRy

whera Y = product, P'I prnd.uut price and Xy = input 1.

Maltiply through by -,:T,

& oY
Eh f..‘l..l--. ufln %;"f:

B 743.

where &, = sligtloity of output with respect to change in fector i,

P
Elssticity of supply = = _I

&
1 "1
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When 8 perfect market 1is assumed then g, will be equal to that
factor's distributive share I:bi}, and E. = elasticity of demand
for factor i with respect to the price of the product.

Then elaaticity of supply = f bi E:L Tad

The oodel alao rests on the sssumption that feotocr prices
gre fixsd = end that the supply of factors is infinitely elastic.

Factor demand elasticities were not estimated for all the
reaources becsuse of inadequate deta, Blesticities of fertilizers
énd foed were asgumed to be representetive of the whole current
inputs category. Elasticities in respect of tractors, trucks,
punping equipment and other machinery and implements cover the whole
machinery category. The elsstiocity of demind of land wes assumed to

www
be zero because of the fixed supply. ” The demend slagticlitien of

improvements and liveatock were not estimated by the lesst square's
fitting of a demend model. |  Based on studies of Poote (39) and
Math (105) the long run elasticity wes taken es unity.

The various elsaticities wers weighted by the distributive
shares of the categories which they repreasent, For axample, ferti=-
lizers and feed were weighted by the sbAre of the current inputs
category and in acgordance with their reletive importence in this

category. The average factor shArea for the five yesr period

st Ty
T o There ia, however, no re8son to Assume that
Gy B, resources are paid the velue of their marginal
product,

*# Geveral researchers, however, reported & correlation between
factor price and product prica.

*** The derived demend elasticity of land (Sectiom 4.1.5.2) was
found to differ frow zero. The two ways of deriving & supply
elasticity are treated as completely independent.

¥e2¥* These elasticities were derived from the production function
iﬂ Bﬂﬂtiﬂl‘l 4#1!5.2!



1961/62 - 1965/66 were used ns weights for the demand elastieities.
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TABIE 7.1. THE DERIVATION OF THE AGGREGATE PRODUCT SUPFLY ELASTICITY
PROM ELASTICITIES OF DEMAND FOR RESOURCES WITH RESPECT TO
PRODUCT PHICE. SOUTH APRICA.

Hesouroe
domand
elastiolty
with weights weights
respect based om based on
to produoct factor production
Hesource price shares elasticities
L.‘Ill.'l.‘ ﬂ'.ﬁ -192 !zm
Tractors lln -Dnlﬁ -m
Pusping eguipsent 0.7 013 <011
Machinery end iomplements 1.2 026 023
Fartilizara 1.0 «162 1-115
Feed 0.9 117 -136
Land 0.0 «160 «080
Improvements and livestock 1.0 - 208 « 341

Weighted elastioity of supply
|

0.7

0.8

When a lag model is not used the estimated elasticity can be taken as

8 long or & ohort run elastiolty beceouse adjustwent is assumed to be

instantaneous. Hearing this in wind then, the eatimited elasticity

of supply céan be conaidered ap somewhere between @ short run and long

run tlnu.niﬂ.' This elsstioity weighted by factor shares was esti-

mated ap 0.7 in Table 7.l.

Faotor depand elssticities were also

* The vriter arrived ot this conclusion from his own cbeervetionms and
slso by studying results of other resssrchers. The short and long
run elasticities of desand of the lag model are usually respec-
tively smaller and larger then the elasticity computed, when the
lag model is not assumed,
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weighted on the besis of production elasticities. The productiom
elasticities were derived for the sgricultursl industry end presented
in model 4.21 of Chapter 4. The weights of items included in sll
farm mechinery were derived using the production elaeticity of all
farm machinery and the relative importance of each item in this cate-
gory. 'The weighta for fertilizer and feeds take into account the
relative production elasticities of these resources, as well &s the
relative importance of the current inputs category. All the weights
sum up to 1.029 which is the returns to scale of model 4.21. Using
production elasticitiesn ss weighta, the elasticity of supply waa esti-
moted as 0,8, CGriliches I:ﬁlﬂ, Pe 320) eatimated the short end long run
olasticities of supply for the U.5.h. respectively as .28 and 1.20,
the aversge of which is very close to the elasticities celoulated in
Table T.l.

While the elassticlty of supply derived in this way is eeverely
limited by the sssumptions, it still indicates that the supply of

agricultural products may not be completely inelestioc.



CHAPTEH 8.
DISCUSSION AND CONCLUSTONS

The most serious problew emcountered was, that for certain
resources, time series data were omly sveilable from the 1350's.
Thie fector limited the degrees of freedom in the regression models
to & considersble extent. However, Minden (101) vho investigmted
the desand for nev fare sachinery, found it necessary to use different
sodels for each of the periods 1911 - 1962 end 1946 - 1962 for the
UsS.he The latter period wes etudied after he found thet & signifi-
cant shift in fers mechinery demsnd bad occurred efter World War II.
A aynthesis of sone of the sore igportant conclusioms will now be given

This theais consists of seperate parte in the sense that in
oach part a different sspact of the problem wam studied. All the
sections however, had the common &im of investigating the resource
structure of the Agricultural Industry in Gouth Africs. To eliminate

confusion, the results of smch section will o separately presented

and wharever necaspary, ocontrasted.

1.

& production functiom for the Agricultural Industry in South
Africa was constructed hy using dets of the 1959/60 comprehensive
agricultural census. The following varisbles wers incorporsted in
the wodel:s current expenditure, labour, mschinery, tools and imple-
ments, land, liveatock end percentage of furs incose from livestock.
4 strong cocplementary relstionship wes emoountered between current
expenditure snd mschinery, tools and isplesents snd the two inputs
woere consequantly pooled. From this production function the
following main conclusions can be derived:
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{1) 411 the production factors cited, except lend, were signifi-
cant in explaining total produgtiom. In the model whera land inpat
had & significent coefficient, the sign was negative.

(2) The percentage of incowe from livestock varisble wes introduced
to take into account differemces in ferming organisations. This varia
ble wag not only significent but it foreced the elastioity of lénd in
the expected direction and made the livestock input more significant.
By inoluding this varisble, the coafficient of the land variable
experienced 8 marginal change towerds the positive side.

(3) Ten dummy veriebles were introduced to consider structursl
differences in production emongst the aleven agro-economic regions.
These variables acoounted for productivity differences betwean regions
and only two out of the ten had stendsrd errore greater than their
regresaion coafficienta.

{4) By fitting a production function in the usual way, the research
asgumes that eéch firm or region shows the seme response in production
for a8 given input change. This rigid assunption wés relaxed scmewhat.
by waking the coefficients dependent on the cutput mix for aach of the
regions. The same resources turpned out to heve completely different
eleatlcities for farms with different output mixes. For exampls,
current inputs had an elésticity of .10 on a 100% livestock farm and
an elasticity of .73 on a 100% erop farm. Livestock input had an
elasticity of &2 on a 100% livestock farm and an elastieity of .10
on 8 100% crop producing farm.

(5) Heturne to scale for the different models were between 90
and .37, indicating diminishing returns to scale. It wes greater

for & crop producing farm than for a livestock farm, implying that
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the economies of scale are mostly found on & crop producing farm. Thus
sggregate production cennot be increased when farms are consolidated
into larger onas.

The resourca data for the Agriculture]l Industry were alsc
analysed using the technique of principsl componenta. The object of
component enalysis is to economize in the mumber of variatea. These
varistes were trensformed into mew orthogonal veriates which acoounted
for es much of the varisation in the resource datas as posaible., It
was ahown that the effective dimension of the six production fectors
previcusly cited, could be reduced to three or four varisbles., 4n
interesting result emerged from the linear transformstions, namely
thet the crop sesocisted inputs; current expenditure, labour, machine-
ary, tools snd implesents @nd land tended to group together in the
first snd fourth component, while the livestock inputs tended to group
togother in the second and third componenta. The land input appeared
in sll the cosmponents protebly beceuse land im o common input to both
enterprises. On the beeis of the new components, s production funce
tion wes estimeted which explained 87% of the variation in production,
In the production function the land input sgein turned negative. It
appeared as Il ressonable estioetes were cbtained from this model for
current expenditures and wechinery, tools snd isplements. Using
sultiple regression, worlier it wos not poseible to estizate the
separate effecta of these inputa,

Estimating the partisl contribution of all fectors siuul-
tanecusly as in multiple regression, has the serious disedventage that
only & limited number of inputa cen be considered becsuss of multi-

collinearity. The fector share epprosch aliminstes this tedious
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probles and it has no limit on the number of factors that may be con-
sidered. The following impats for the period 1949/50 - 1965/66 were
considered for the industry: fertiliser, labour, all farm machinery,
lend, livestock, fuel and repeir charges of sll farm machinery, farm
feadn, dips and spreye, fixed improvements snd other opersting inputs.
In the eatimstion of the share of s factor, vhich is also tha elasati-
oity an sdjustoent to equilibrium wes sssumed. The egquilibrium factor
shares for the nine inputs were estimsted by ordimAry and sutoregressiv
leapt pquares uming the P test se the mein decision criteriom. Addin

the nine elasticities, the returns to scale wes estimeted at 1.02,

Bearing in mind the pros and oons of the fector share epproach
and tha production function method, where 8ll rescurces are estimsted
oaimul teneously, a8 production functiom model wes built incorporeting
regults obtained from both procedures. The following main conclus=

sions vare derivad from this technical reletionships

{a) The elseticities of substitution between any two inputs were
ahown. From 8 policy point of view these relationships may be oon=
sidered as extrecely important. A 13 incresse (decressa) in labour
wan ostimsted to result im a 1.681% decrease (incresse) in machinery
given that productiom is umaltered and & 1% incresse (decrease) in
fertilizer will result in .79% decresse (increase) in lsnd. Eotie
mates can thua be made of the guentities of other resources required
to subatitute for the outmigretion of farm labour,

(b) Amsuming the product market to be in equilibrium, the fector
demand elasticities for the nine inputs were cosputed. The factor
devand elaaticities were shown to be very sensitive to changes in

the sssumed product demand elssticity. The fector demand
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elasticities indicate the expectied chenge in resource use as @
reasction to 8 given change in factor or product prices.

(a) Simple supply elasticities were derived for the inputs, when
certaln necessary restrictions on the economic aystem were imposed.
From this informstion, short rum, interwediste rup and long Tun supply
aloaticities for the Agriculturmal Industry were computed. The resulta
disprove some of the conventional ideas that the supply of agricultural
produpts in South Afriea temd to be completely inelastic, even in the
long run.

(d) The constemt term of the production function was computed and
with this function, completely specified, merginal products of re-
gources wore derived. The margina]l product of lend tumed out to be
very low, while the warginel producte of livestock, farm feeds, dipa
and aprays, snd lebour sre very high. The results show that land is
abundent and production cen be increased through the intemsification
of production on & smaller area, This is a most important comclusion,
which hes been confireed in various micro-production studies of groups
of farmers vho keep fars accounts,

(e) Eeeping production st the aversge level of the period, the
allocation of resources to ensure mindmmim cost is ahown. Permitting
all resources to vary, costs csn be reduced from R411.3 m to R357.3 m,
With production unchanged. When esdurce use wos restiricted to more
reslistic bounda; it was still able to reduce costs by G.dms

(f) The optimus allocation of resources was computed to ensure
maxisus profite. To mep sllocstion within realistic bounds certain
restrictions were imposed on sowe of the inputs. Comparing the
optizus plan with the eactusnl allocation it wes seen that coats

incressed by AB.6 =, but output by R368.8 m. Profits as &
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consequence increased from H115.7 m to H146.2 @ or by 26.4% In the
optimuz plan wore intensive use of the following resources was made:
fertilizer, all farm machinery, livestock, farm feeds, dips end
sprays, fized improvements end other operating inpute. It cam be
concluded thet land wes used inefficiently and wep considered to be
in 'oversupply'.

with the information on output end inputes conteined in the
1959/60 sgricul tural census, production functiona for ten agro=-
economic regions were estimsted, It appears thet elucet constent
returns to ecale preveiled for all regions. The marginal producte
per H100 of input of labour, mschinery, tools and iuwplementa, and
livestock were considerably in excess of 100 in reapect of reglons
for which esticsates were made, Marginal product estimates for labour
and livestock were ssde for all regions but only for the Ay B end K
regiona for mAchinery, tools snd implesenta. The marginal product of
land wea greater thon 100 for the 5 and E regions, for the other
eight regions it wes oither leas then 100 or negative. Mechinery,
tools and implementa, and current expenditure combined had marginal
products in excess of 100 for seven regloms. For most regioms HE were
recorded between .80 end .95, indiceting that & setisfactory portiom
of the varistion in per farm production could be explained.

2

The amounts of resources such as fertilizers and machinery

that farmers buy annually are determined by factors like the price

of the resource, the product price, prices of other rescurces, and
income. Hesults obtained from wodels of this type will now be dis-

cusned .



From 1952/53 until 1965/66 consusption of fertiliser plant
nutriente in South Africe incressed approxizstely 3% times vhile the
sbsolute price of plant nutrients decreased by slsost 20%. It wes
aspuped that farwers are more interosted in the weight of plant
nutrients than in the total weight of the fertilizer, The following
factora were found to have en important effect on the amount of ferti-
liger purchosed: price of fertiliser, cash incoos of farmers, price of
land, capital apeeto and the price of crops. The following variahles
in n ourrent ond lagged form explained consumption: Jlend prices, capi-
tal nosets and fertilizer price. The direct and cross price elastici-
tism of the explanatory varisbles were approximately as follows:
inoome .8, land price (lagged) +4l.2 end capital assets +l.0, Assuming
instanteansous adjustment, the fertilizer price elssticity was eatimated
gt =1.0. Allowing for & lag in respomse to price changes, the short
run elasticlty of the fertilizer price was estimdted at =0.75 and the
long run elasticity st =2.50, It was also estimated that spprociostel;
BO% of the indicated adjustment should be completed within five years.
A atrong oomplementary relationship existed between purchassea of ferti-
lizer ond capital sssetsa. Tractor numbers, when used in a model, also
showad & very strong complementary relationship. It seems reasonable
that the introduction of the trector into the farming enterprise must
have héd a8 tremendous stimulating effect on the application of ferti-
lizer. (Ospital sssets 8a such are an indication of the purchasing
power of & farwer and cen be expected to have & positive influence on
demsnd. A relatiomship of substitution was found between land and
fertilizer. If gll fertilizer suppliers reduce the price of ferti=-

lizer, them it is expected thet their total revenue will decrease in
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the short run but incresse in the long rum. Whather profite of ferti-
lizer supplisra would increase in the lomg run with s reduction of the
fertilizer price, depends on the coat conditions of supplying the
greater quantity., A 1% subsidy on fertilizer price is expected to
inoresse consumptiom by about .75 in the short run end 2.5% in the long
bt §

Weights derived from & regression of nutriemt content of K,

P ond K on the value of the wix, were alsc used to aggregate toms of
these nutrients, A model with the weighted consumption of fertilizer
had very satiafectory results.

In order to inoreése the degrees of {reedom, dummy variables
wore used to incorporste provincisl dsts on fertilizer into ome modal.
This step was rewarding and was wsed for most of the other resources.

The following variables, seemed to have & significant effect
on feed purchases: price of feed, income, price of dairy producta,
apd time, Both price snd income elasticities, on a current and lagged
basis, appeared to be less then ome. DBecause of the imporiance of
maize feed in South Africe, ite demand was estimeted separstely. Hot
allowing for a lag, the elasticity of the price of maize deflated Wy
the prize of dairy products wes estim8ted st approximately =l.6%.

Using & distributed lag model the short run elasticity of oAize was
estimated et =77 and the long run at -8.,2. It appears as if the long
run estimete is tooc high. The result of an elastic long Tun demsnd

is encouraging and shows that by reducing meize feed prices, feed con-
susption snd total income could be increassed considerably.

The decand for fusl and lubricants may he sasen a3 both darived

from the machinery stock and ss a direot funotiom of the price of fuel



214,

and lubricante and other variables. In & direct function the price
of fusl a&nd lubripants, the price of land snd income were found to
have an influonce on the use of this resource.

The following varisbles were significent in explaining labour
musbers on farmn: wages, capital essets, prices of 8ll farming requi-
gites, prices of producta, prices of mmchinery, end prices of operating
inputs &nd mdchinery. BEech of tho deflators had e different sffect
on the wage elestioity. The sverage wege clasticity was spproximately
=60, Uning a distributed la8g model end dellsting wages by prices of
products, & short run elasticity of -.44 and & long run elasticity of
-«63 were arrived at. Bacsuse labour prices were deflated by product
prices, & 1% increese (decresse) in product price wes estimeted to
increese (decresse) the demsnd for farm labour by .44% in the short snd
63 in the long run. The cepital assets varisble indicated & ocouple=
mentary relationship between sssets end labour numbers. DBused onm dota
for the provinces of Netsl, Trensveal and Free State, & model with dumng
vériasbles wes comstructed for Bantu regular lesbour. An incresse of 1k
ir Bentu wages wos estimsted to release .51% of Bantus for the non-
agriculturel secter, In terms of sotusl {igures an increase in Bantu
wages of RO.T2 should relesas approximstely 3,400 reguler Bantu
employees. A very strong couplementary relationship wes found between
numbers of tractors end Bemtu labourers, In South Africa the Bantu
vege rate In relstion to prices of other resources, decreased slightly
from 1946 to 1963 with the result that farwers have not found it
econoadically profitable to substitute ceplital iteme for labour se is
the cése in the U.8.A. It may be more mppropriete to estimste labour

demand by eiwulteneous eguations because of the bilatersl ceusstion of
lebour nuobers and wages.
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The demand for ferw machinery is a demand for & durable itec

and &8 such is on investment decision. It umay aloo be argued that it
is 8 depend for s stock, not o flow because it 1o the total stock of
mechinea that enters the production function am sn input. Models for
different durable inputs will now be discussed.

Heal caesh incowe, prices of spare parta, of other inputa and
the labour wvage rete haod a significent effect on purchases of spare
parts. The Durbin-Wataon statistic improved after a lagging procedure
wag applied to reduce sutocorrelation. The income elasticity for spare
parts was low (.35), probably becouse farsers prefer to buy new squip-
ment when there is & substantial incrwase in income., The price elas-
ticity of =1.86 could be on indication that farcers respond more
readily to a factor price chinge than to en incose change.

The price of all sachinery snd the parity retio vere the more
igportant veariables in explaining the dewand for new wachinery, isple-
mentamd tmctors. An increase in the parity ratio will improwe the
rolestive position of the former, moke him more optimistic end conse-
gquently otisulate investoment.

The following variables explsined the major part of the demand
for new wachinery and implemente: price of mechinery, priea of cropa,
intereat rate of [iret wortgege bonds and time tremd. & drop of 1p
in the interest rate wes estimBted to etimulate investmemt by 1.36%,
Aocording to the theory of the firm, the demand for a durable item 4a
also 8 function of the interest rete. Dindem (101) when estimating
the domend for new farm wachinery experimented with different interes*

rates sy deciodon verisbles while Griliches (53) used the first
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mortgage bond interest rate to estimote the demsnd for tractore. Both
approichea are considerod to be in order. What iz important is that
the interest should be of & sedium term n8ture beceuse investment in
michinery is of a modius term. The time varisble oculd be sigmificant
bacause importent veriables are omitted or becasuse it is an indicstion
of the improvement of technological kmowledge.

In 8 stook demend model with the number of tractors as 8
dependent varisble, the following fectors were found to be of impor-
tance: price of trectors, farm wuges, resl income, price of land and
the livestock crop price retic. A wodel consisting omly of the price
of trectors snd lsgged trector numbers explained 99.8% of the variation
in trector numbars., Ths short and long run demand were mhowm to be
relstively inelsstie (-,.38) end elastic (-1.43) respectively, When
instontansous price edjusteent wes assused, the elasticity was =.96.
The cross price elesticity of tractor mumbers end the price of land
was poaitive, suggesting that the two inputs substitute for ome another.
To some extont theae two resources may be either peem an substitutes
or complemente., The livestock priceferop price varisble wes positive,
which oould mean thot the liveatock price variable wae the more impor-
tant decinlon verisble. The inoome variable had tha expectad aign,
but wea sarginally améller in absclute terma than the tractor price
alenticity.

1 explsining the demand for pumping equipment, the following
varisbles had t wvelues greater them 1.01 prices of pumping equip-
went deflated by crop prices, time and the first mortgage bond
intercat ratae.

The following verisbles explained the demand for farm trucks

satisfuctorily: the truck/crop price ratio, the truck/lsbour price
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ratic and groes incowe in real terms. The distributed lag wodel sug-
gested B8 short and long run truck price elesticity of -.34 and -1.0
and 8 short and long run incowe eldstiecity of +.79 and +2.32 respec-
tively. The adjustment coefficient showed that 34 of the adjustment
to equilibrium wes coupleted within the firet year. DBecause of the
cge wonzy ocutlays inveolved in the purchasen of trucks snd tractors
the difference between the short and long run demand cen be expected.
The supply elasticity of total production can be written as
the weighted sum of oll the factor price elasticities of demend wito
reepact to tha priece of the produst. EBeating on the sssumpiion that
all factors get peid the value of their marginal product, the factor
demand elBsticities derived from the time series demend models were all
weighted by thelr respective fector shares. Because factor demand
elaaticitiea were not computed for all rescurces, elasticities derived
wore fgsumed t¢ be represenistive of the groupe under which they are
clasgified. The product elasticity of supply was estimated respec-
tively at 0.70 and 0.80 when factor shares snd productiom elassticities
were used as welghts, which sugyests that the supply of agrioultural

products is responsive to product price changes and not cowpletely

inelastic.



CHAPTER 9.

SMEAHY

In this study, factor demand elasticities were estimsted from
time series demand functions and derived from macro production func-
tions. Direct demend end cross price elasticities for the following
inputs were derived from s production function for the South African
agriculturel industry: fertilizer, labour, all farm machinery, land,
livestock, fuel end repair charges of sll farm machinery, farm feeds,
dipes and spreys, fixed isprovements, &nd other opersting inputs,
Factor demand elossticities using time series dsta were estimated for
fertilizers, fora feeds, fuel and lubricamts, ferm labour, spare parts
of farn mechinery, nev sachinery including implements end trucks,
tractors,; puaping oequipsont and fer= trucks.

Product supply elasticities were derived from factor demand
elasticities end oecro production functions. When input demend elas=-
ticitien were weighted sccording to production elsaticities and factor
shares respectively, eotimates of product supply elasticities of 0.8
and 0,7 were obtained. A supply elasticity of .34 in the short mm
ond 2,50 in the intermediste run wes derived from wacro production
detas. The hypothesis of a perfectly inelastic commodity supply funo-
tlon i3 thus rejected on the besis of gvailable data. Therefore,
the Industry will increase production if given the economic incentive
of favoureble prices.

In the past two decades agrioultural output in South Africa
incressed for some comwodities in the face of felling resl product
prices frow which powe poople may have goined the impression that the
product supply ocurve ls backwerd bending, The producerts price of



21%.

waize relative to the price of all farm requisites dropped for exampls,
by 15% in the last decade, while the production of maize on farms of
Whites almost doubled, The snswer of course, is thet the adoption of
new technologicel technigues such as hybrid =size shifted the supply
curve far to the right resulting in & lower price and increesed output.
Fositive supply elasticities were also obtained by Griliches (50) and
Twooten and Quence (135) for the U.5. Agricultural Industry.

On the basis of the productiom fumction, it does eppear &s 1if
resources ore not used in the moat efficient way énd it was shown that
profite could b increased by 26.4% when resources are reallocated.
Optioum production was arrived st through equating the marginal coat
of avery resource to the sarginal revenue resulting from that resocurce
and solvad within the fresework of the production functiom. It wae
slaoc shown thot the same output can be produced with fewer rescurces.
Restricting resources to realistic bounds, it wes still possible to
reduce costs by G.a

Froduction functions were estimeted [rom cross sectional data
from the different sagisterial distriots as reported in the 1959/60
dgriculturel consus. However, serious sulticollinearity weas encoun=-
tered. For exasple in the firet production function model, the
current input variable turmed out 40 be negntive due to & correla=-
tion of this varisble with the machinery input. These variables
were consequently pooled by way of simple addition., Production
alssticitien for nine inputs were also estimated by the fector share
spprosch which, while not limited by intercorrelations, gave highly
satisfactory rosulta,

The production elasticities were estimated as follown:
fertilizers ,062, labour ,2%0, all farm mechinery ,127, land ,080,
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livestock 230, fusl and repeir charges of faru mechinery 063, farm
feeds, dips snd sprays .073, fized improvements .lll, snd other opera-
ting inputs .053. On inspection the production elssticity of live=-
atock does appeer to be overestimated send the elasticity of lend to be
underestisated. This will be the case if the quality of land is
better reflected in the livestook varistle then in the land veriable.
The velue of lsnd was used as the land verisble but it is subject to

a feir ssount of cessurement error as i1 is besed om subjeotive esti=-
wates of farmers. It elso is ressonable to asoume that the stocking
rate is & fairly good index of the quality of land.

In wost factor demind models, the price of the feotor in ques-
tion, the prices of substitute or complementery factoras, the price of
the product and income were shown to be importent in declsion-making.
The price of the fector in question does nppear to be the west lmpor-
tant decision variable. Prices of variable factora were ilnoluded in
the deménd models, btut guantities of fixed [motors. The demand for
michinery itema wes trested sesparately from thet of operating inputa
g8 the demsnd for the former weo considered aa sn investoent demand.
In order to increase the degrees of [reedom for the models, provincial
dats were used by introducing dummy varisblea. The statistical teata
for these wodels showed an improvement onm that of ths national sodels.
The hi,ghﬂz for these oodels is oislesding and parily dus to s 4if-
ference in the level of resource use in the verioua provinoes. The
Durbin-Watsom atatistic for serisl correlstion is reported for all time
geries equAtions, but not for coabined tioe perisa amd croms
sactionel wodels.

The factor desend elasticities of tioe series models were

shown to differ for the warious rescurces. Thess slasticities were
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generally lower for operating inputs (except lomg run elasticities of
fertilizer and maize feed) and labour (€ < 1) than for farm wachinery
itema (1 <e < 2). The rate of interest was found to have a marginal
effect on investment behaviour in the case of new sachinery and imple-
ments and pumping equipment.

Where short end long run elasticities were estimated for inputa,
they differed distinctly. The short and long Tun price elasticities
are estimdted for fertilizer as =-.T75 and -2.50 and for maize feed aa
-.77 end -8.2 respectively; for tractore, for exaumple, thesse were
estimated at -.38 snd -1.4% respectively. The short run prioce and
income elasticities for farm trucks were estimeted at -.34 and .T9 and
the long Tun price and income elssticities at -1.00 and 2,32 respac=-
tively. In the long run &n overall reduction of prices of thease
machinery items may not be expected to lead to 8 reduction of total
income for machinery suppliers. Th2 price elasticities for specific
brenda of farm méchinery, say Case trectors, cem be expected to be
considerably higher than that for the aggregete input of all branches.
The same appliea to the brands of other ferm inputs. It may resson=
ably be said that price redugtions for specific brands of farm
machinery, if not matched by reductions of other competitive brénds,
could leed to an increase of total income to those supplisrs. A
reduction of the fortilizer price for s specific brend: of fertilizer
can be expected to inorease the income of the company concerned.

The demand for fertilizer for the industry being elastic and
keeping in mind that the demend for the brend of & specific compeny
is even wore elastic then that of the industry, it does appear ms if
8 firm could increase its profita by reducing its price. Because of

the oligopolistic nature of industrial firws supplying ferw inputs,
any reduction of input prices by & specific firw can be expected to be
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followed by similar reductions in prices of other firme.

In the light of these masulta it is interesting to follow the
price war that is ot present (May-June, 1570) being waged between the
main fertilizer companies in South Afrioca.

With an elnstic depand for maise feed, total income and the
anount of meire feod consumed should increase with s decrease of the
waizge price or inoroese in livestock prices.

Proa the models it doos appesr that land and the inputs that
have been eatioated substitute for one another, while the same inputs
that substitute for land are complement of capital assets.

Factor demand elasticities dorived from the aggregate produc-
tion function, were directly dopendent on an sssumed product demand
elasticity. For example, for the following asswmed product dememd
elasticities, =.25; =79, - the factor demand elasticities of ferti-
ligar varied respactively: =.84, =98 and «1.07. In general, the
more elastic the product demind, the more elastic the factor demand,

The purpose of this dissertation ir not to formulste agri=-
cultural policy but some of the estimited pireavoters may caot acme
light on the possible effects of different policies. With a lmow-
ledge of the demand elastigities of the various resources, estimates
can be made of the effectiveneas of subsidiszation programmes, Enoww
ing the appropriete megnitudes of the production fumctiom parameters,
eotimates can be =@de of the effect on total production as a result
of resource changes. For exsmple, with 8 relstively elsstic demand
for fertilizer, the present subsidies on this input must stimulate
consumption considersbly. Suppliers of certain inputs could also
e gonvinced not to incresse their prices where the demand for thess

factors in eleetic, because of the negative effect of such policies
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on their incomes.

The study shows that the factor/product price ratio is em
important decision variable in determining the amounts of verious
inputsa purchased. These demand relstionships may serve sse bases
to evaluate different progreammes in order to &ttain policy targets
such g either lower or higher production. The desirability of such
targete or otherwise is beyond the scope of the thesis.
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Ho attempt will bo made to give @ deteiled and rigorous treat=
oent of this problem beceuse these topics are disocussed in almost any
book om lmnmtriul.' It was, however, considered appropriste to
highlight some of the implications if the sssumptions of the lineer
wodel ere not satisfied.

(s)  Multicollimserity

The presence of sulticollinserity wam found to be the most
porious limitation in the time series and cross-sectiomal snalysis
roaported in this study.

Mul ticollinserity arises when some or all of the explanatory
variables are so highly correlated that 1t becowes difficult to obtain
good estimetes of the relative effecte of thess variasbles (B3, p. 201).

Theee high intercorrelations incresse the standard errors of
the net regression cocefficlents and weke the latter unstable.

Johnaton (83, p. 205) {llustrates with s nuserical example thet ine
cresning intercorrelstions of the explangtory veriables does pot
Dhgoepgearily increase the coefficient of determinetion.

Wallace (144) developed & fruitful expression for multicolli-
poaTity by using the mean square error eriterion.

Suppose tha true model ia

T'“,1.211*",2.112*“t 1.
U, ~ N[0, o

* ¥For s rigorous or more complete exposition mee:
(1) Goldberg, A.5. Boonometric Theory. 1965, John Wiley & Sons,

(2) Jommaton, J. Boomowetric Methods. 1965, MoOrew-Hill Book 0o

(3) Malinveud, I, Statisticsl Methods of Econometrics,  COUPORJs
liorth Holland Publishing Cospeny, Ansterdss. 1966.
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The wvarisnces of hl and ‘hz are

LU S 2.
Ilnz rﬂil ! !
[ - v,) L Ry

The varisnces of b, and b, will 'blow up' es the simple
carrelation 1o spprosches unity.

If X, is dropped from the model then the variance of E;rl.E
will decresse but some bime is introduced into the nev model. The re-
gression cosfficient of X, after dropping X, is Eﬂ.

Then it com o ohown that

2 - -
b _:_ 2 e m{hﬂ} % MSE {hﬂlz} %
i-r{hﬂ.l}
where [Erlj - F-rl:ﬁﬂ] + (Bias Eﬂ_}z

m(iﬂ_a] = Yax(b, ,)

Baped on this criterion, Wallasce (131) developed a useful test to detect
pul ticollinesarity using the non-central P-distribution with & noncen-
trality parameter equal to one-half. With one degres of freedom in the
mmeretor the ordinary (% value)® computed cen be cospared with the
oritios]l points for the maen squere error test as tabulatad by tha same
writer. With this mesan sguare error test, a higer cdlculated statistic
(t or P value) is reguired, assuming the same level of significance,
When no & priori informetion on the variable in question is assumed, o
significance level of g = .50 can be used and variables with + values
marginelly greater then one are included.

Baitoveky (63) shows that the meximization of H° (corrected
wultiple correlation coefficient) is schieved by retaining all regressi

coefficients whose associated t - stetistics are larger than unity and
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discarding ell which are not.
The correct multiple correlstion coelficilent con e caloulated
from 32 as follows:
-2 i where n = mnmber of observetions
(1-1) ==t (-x)
n=p=1 P p = mmber of independent
variablea

=2 =2
This implies that Rp » Rp-l

if and only if t 3 1.

The usual procedure to detect multicollinesrity is to examine
the simple correlations. If the simple correlation is greater than
«9 it is better to either scquire new dats, coubine ecme of the data
seriss or %o use both crose-sectiomal snd time series data. Croso-
sectional data s however, more long run in nature while time series
data reflect sbort run fluctustioms (92).

Malinvaud (96, pp. 187-192) shows with numerical exsmples that
the introduction of a varisble highly correlated with others in the
oodel mkea the coefficients concerned highly uncertain without having
any perceptible change in the predictions, Standsrd srrors of varis-

bles not highly correlated with the new verisbles changed very little.

(b)  Autogorrelation

Autocorrelation arises whan there is serial dependence in the
error terwm.

The wein sources of sutocorrelstion are: incorrect specifica-
tiom of the forw of the relationship between verisbles, omission of
relevant varisbles, snd errors of measurepent (83, pp. 177, 178).

The Eildreth end Lu procedure, vom Neumsn ratioc end the Durbin
and Wetson test cen be used to test for mutocorrelation. The Durbin-

Watson test wes used in this study. This statistic hes, however,
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sevaral shortcomings.

(s) It is only appliceble for fired exogenous variables. When
lsgged dependent variables sre used the explanatory varis-
bles sre not ixed any more. Most researchers report the
Durbin-Watson astatistic in lag models, Nerlove and Wallis
say that the widespresd use of this statistic stesa froa &
mipinterpretation of Durbin's papers (108, pp. 235-238).
When lsgged endogenous values are inoluded, the Durbinewstsom
statistic is asymptotically biased towards 2.

(b) The indeterminent renge for the statistioc is large when the
degrees of freedom and the number of independent variables

dre small.

Johmaton (83, pe 177) states the main consequences of aute-
gorrelation as follows: firet, coefficients will have unbissed eeti=-
mates but the sampling variances msy be large; woecond, it is likely
that & serious under estimate of the sampling verisnces will be ob-
tained and third, inefficient predictions will be cbtained. Accord-
ing to Jomston (83, pp. 215-Z16) the simultsnecus presence of coapli-
cations of lagged variables spd sutocorrelated residusls may lead o
a subsatantis]l bisa,

(e) Errors Jp independent varisbles

4 conditiom for the least squares model is thet the independent
variables are fixed snd sessured without error. If this is not the
case then the least squares estimates sre likely to be bissed; the
atendard error of estimate will increase and correlation will decrease.
The tiae is towerds zeroc for large samples (83, p. 6).

In the deménd models reported in this study the independsnt
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varisbles wvere sessured with more precision than the dependent varis-
bles, In most ceses the dependent varisble wms derived as & ratio of
expanditure and price. Tweeten (132, p. 52) points out that aggregu-
tion of 'irl.:'!.l'hltmlIIF o8y be a potentis]l source of error. OGrilichss and
Grunfeld (%8) derived relstionalips between weoro and micro-estisstes
in terms of the micro-distribution error correlations. They concluded
that if the correlations between the micro-orror terms are negative, the
maoro=eatimate will be superior to the sunmed sioro-estimetes. Whan
specificetion error exists, there is elso & good posaibility that the
morg-gatimte will be superior to the summed mioro-estimetes.

There is no eesy wethod to Bccount for errors in meesuresent.
Jobnaton (83, p. 166) for exmuple suggests the use of én instrument
variable. This varisble is presused to be independent of the

nessurenent errors on the dependent and independent veriableas.

(4)  lesst squares biss

Thie arises when the @ssumption that the coveriance between the
error term and the independent variable sust be sero, is not met. This
may be the ocsse in economic snalysis when one or more verisbtles are
simultenecualy determined. An example in sgriculture could be labour
wages and labour numbers. In lagged models the lesst squares coeffi-
cients remain comeistent and efficient in large sasmples, but may be
biased (132, pp. 68-73).

(e)

Twoeten (132, p, 47) points out that the sppunption that the

parameters ore constamts end enter the wodel linesrly canmot be met

* He Theil discussed this probles in gzreet detail in "linear B gTo=-
gation of Economic Relstions". 1954. North Holland Publishing Oo.
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because of the changing structure of agriculture. Changing structural
preseters may arise from droughta, depressions, inflstioms, wars and
technological change. As a precaution a relatively short period, when
the structure is relatively hosogeneous, can be selected. A time
varisble may eloc be used as & proxy variable for dynamic changea like
technology, improved kmowledge, etc.

If hetercecedasticity is present in the errore, then the esti-
o tos remain consistont and unbiased but they are inefficient. Thias
oEy e romedied by trensforming the data to logarithma. The structure
then becomes multiplicative rather than additive.

Griliches (53, pp. 186, 187) shows that in the lagged model the
multiple correlation coefficient "must be taken with & grein of salt",
let equation 4 be a 1ag model with Y, dependent, X, independent,

b the adjustoent coefficient and U, the error term, then

log Ty = ba, + ba, log X; + seees (1 = b) log Yo g * B0, ds

This equation can also be estimated in the following formi
log ‘ft-lug‘ft_l-buni-hll log Il+ sssss =b lOF Tt-l"*hut S

If 4 end 5 are estinated independently, the same coefficionts
will be obtained (except for the occefficient of log TH which will
be equal to «b) and exactly the same significance levels for the other
veriables. The only difference will be the multiple ocorrelstion co=

efficient which will usually be lower in 5 than in 4.

(£) Late limitations

In some quantity end price series, quality differences are not
accounted for. Griliches (48) states that the disregard of quality
differences in the labour input in production functions lesds to sn
upward bias in the estimate of the elasticity of capital inputs,
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downward biss in the eatimate of the elsstioity of labour inputs and to
8 downweird bias in the estimte of returns to scale. For this reeson
expenditure om labour was used in this study as the input variable in
order to take intc sccount some of the gquality differences in labour.
In the time series demand functions, however, it w8s not possiblea to
conaider quality differences over time, such as education of the labour
foree.  Quality differences in machinery and other inputs over time,
a8 in the case of improved méchines, oould not be measured, This leads
to an oversstimate of the price index end an underestimate of the real
valus of the inputs In demand models, prices were used sa retiocs.

If the quality of both footers in the ratic improves over time then
some of the quality improvement may be "cancelled out". The gquantity
series on the ocontrary sre subjocted to mesmsurement error both of

prices and of input expenditure.
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'3 TSED FRODUCTION

FUNCTIONS HEPFORTED IN CHAPTER 4.

Products.

each crop was multiplied by ite price.

wae coded to the pearest hundred rand.

Production is reported on & quantity basis in the

To arrive at an aggregate production figure, the quantity of

The groas production figure

The following crops were con-

sidered for the verious magisterial districts:

1.
2,
3
4.
p
B
Ta
Ha
He

10,

11.

19

13,

14.

15.

16.

171,

18,

19,

20.

21,

23,

23,

244

254

264

27,
28,
29,
30,
3l.
32.

Maize

Wheat

Qats

Barley

Rye

Kaffir corn (Sorghum)

Lucerne hay

Cata hay

Teff grasa (hay)

Other hay

doybeans

Cowpeas

Other edible dried beans

Iried peas

SUgET CENS

Chicory

Tobacoo

Cotton

Groundnuts

Sunflower saad

wWattle bark

Potatoas

oweat potatoss

Citrus fruit

Deciduous fruit fresh consumption
(811 Whiteamd urban non-Whites)
Deciduous fruit fresh consumption
{rurel non-Whites)

Dagidupua fruit exported
Deciducus fruit canned

fineapples
Bananas

Other subtropical fruit
Viticultural products

55 Othar.

33,
34.

33.
364
37,
8.
37s
40,
41.

42,

43

43.
46,

i,
494

51,
52.
554
54.

Dried fruit

Vegetables I:a]_'L Whites and urben
non-wWhitea)

Vegotables (rursl non-Whites)
Uniona

Wool

Mohair

Karalul palts

Ostrich feathera

Cattle comsumed in comtrolled
and outside areas, farms of
Whites and Heserves

"Dead" cattle consumed in
Heservea

"Doad" cettle consumed on farme
of Whites

Sheep consused in contrelled
and outside aress, farms of
Whites and Reserves

"Dead" sheep consumed in
Heserves

Pige consumed in controlled and
outalde aresa, on farms of
Whites and by non=Whitea in
rural Breas

Fresh milk

Cream sold

Farm hutter

Industrial mille

Farm checsa

Eggs

Poultry slaughtered
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2.  Current Jinputs consist ofi-

1. Packing materisls 10, Feed purchased

2. Fusl 11, Hay for forsge

5. Building meterial for mepair and 12, Maise for forage
saintenance 13. Haize for seed

4. Fencing material for repeir and 14. Wheat for seed
mintenince 15, Oants for seed

5. Fertilizers and soil dresaings 16, Bye for seed

6. Preventive control, curative treét- 17, Barley for seed
=emt and weed ersdication 16, Cowpeas for seed

7. Eaintendnce and repeirs of tractors yq o oundruts for seed

mchinery 21. Potatoes for seed
9. Stock end poultry feed 22, Dried beans and pess for seed

23+ Other farm expenditure

Tha sggregate input wes coded in ten rand unite.

Je Labour., This includes cash wages ond salaries and payments in
kind of Whitea, Coloureds, Asiatice and Bantus. This varisble was
coded in units of tem randa. Total estimated money valua of payments
in kind inelude rations, such es wealies, meal, slaughter animals, meat,
fish, milk, wine, hraad, coffes, augar and othar goods such as tobmaoo,

olothes, shoes, medicinea, ete. The rental value of free housing is,

however, not included (16).

4 land. The estimated wvalue is the totsl selling velue of the
holding or ferming unit, including dwelling house, other buildings and
fixed improvements. The interest on lend wes coded in unite of ten
rands.

e Liveatock. The numbers of sheep, cattle, pigs, goats and
poul try were multiplied by their respective prices to obtain an aggre-
gate value of livestock, The interest on the value of livestock vas
not coded.

6. Maghinery., The depreciation of sll farm mschinery is reports"

in the 1955/6C agricultursl cenmsus. This variable was coded in units
of ten rands,.
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s STATISTI 5 FOR TIME SERIES T LS

Price series were cbteined from:

(1) Supplementary data to the abatract of agriculturel statistics.
Division of Agricultural Marketing Research, Fretoria. January,
1969,

(2) An abatrect of sgricultural statistios of the Union of South
Africa, Division of Agricultural Marketing Hesearch, Pretoris.
ey, 1358.

(3)  Union statistics for fifty yesrs. 1910 - 1960, Buresu of
Census and Statistics, Pretoria. March, 19460.

(4)  Agricultursl census reports. Buresu of Census and Statistica.

(5) Heports on the "Trensfers of rural and immovable property”.
Bureau of Census &nd Statistdca.

(&) Unofficial records.

quantity series for South Africa were obtained from unpublished
regords of the Division of Agricultursl Merketing Hesearch, Pratoris.
Provinoisl dats were obtained from egricultursl census reports., The
Hendbook of Agricultural Statisties 1904 - 1550, published by the
Department of Lgricultural Economics and Marketing, 1961 gives & summary
of provinoisl data up to 1952. The averasge size of ferms wes derived
from the "Trensfer of rurel and immovable property". Data were alac
obtained from O'Comnoll, J.4. (1965) "Die berekening ven die bydrae
van Landbou tot die binnelandee produk op 'n kwartsalbasis", M.A,
dissertation, University of Pretoris; and Stadler, J.J. (1962) "Die
bruto binnelandse produk van Suld-Afrika", D.Com, dissertatiom,

University of Pretoris.
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