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CHAPTER I
■

i-'i
INTRODUCTION

'o;-.

•j ■

The Reasons for this Study1.

■■■ ^ Exports of ^pr-imary,products ate of vitaMmportance’^ the 

'economies of the less developed countries.,, Typically, agricultural
•a.

f
products account for the largest share in export proceeds -and form an 

important source of'domestic cash income. Problems of employment, 

public finance, balance of payments, income distribution, price and

- income stabilization are thus diredtly related to the agricultural • 

Consequently, the analysis of farmer respo'nse toexport sector.

changes in- economic- variables in this sector has important social and 

political ramifications.

While changes in relative' factor and product prices can have

extremely impdrtant effects on an economy, the economist studying the 

development of the export crops in a low income country is often faced
•V

with situations of extreme, disequilibfia in which any attempt to ana­

lyse farmer response in terms of carefully measured elasticities is 

either impossible or irrelevant, 

new crop is** introduced into

This typically the, case when a 

an economy.' Here, the advent of'a dis­

ease .or the creation of structural bottlenecks-elsewher«i can lead to 

bursts of activity in the domestic export sector. Similarly, idle 

_ potential-may awaif the building of an improved means o'f transpo'rt.

»

./•

• 5f-

When constraints are imposed, on competitors , rf^*^«4omestic constraints

-1^
•i

. '>cL-
, -r “s >
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removed,, shi^s - pften radical shifts - can-occur in product supply 

functions. The history of the development.of any of the major,export 

.-.crops is rich with examples of dramatic increases in output in partic" 

ular couiitri-esi The Kenya tea industry provides 

of this.
a modern example

Radical changes in supply functions call for economic analysis 

in which prices play a minor role. This' is partitularly true of the

"small'country" case-where—the producer is faced with^a relatively ■ - 

elastic demand curve for his product. 1
Concern in this case is pri~ 

marily with the rate of increase in output.-and the resultant effects

on income and employment. Increases in the output of perennial crops 

are, hy the very nature of their poly-p^riodic production functions.
{

past inputs in planting, current maintenance (and 

harvesting) inputs, and the botanical.characteristics of the
j

crops.

Where the planting takes place over a number of different- seasons a _ _
. « >

. cohort or vintage structure of production results.^ 

relevant 'life cycles
Provided the

9

are known, such structures greatly facilitate 

prediction. An obvious application of this is in the use of demo-

data to estimate the future demand for goods'or services.

„^F6r the case of rubber in Malaya see Knorr (19) p.ll. 
_ coffee and tea in Ceylon see Courtenay (6) pp.40-41 and also'" 

Wickizer (29) p.31. “

For

2 ■ ■

, ■ , _ There are likely to be-many constraints (e.g. capital, »
planting material, labour or land) preventing an immediate, single 
season adjustment to the new market situation, 
farmer decides that■planting X trees of a new crop will maximise 
the. present discounted value of the net returns on his investment,

• it may take him a number of years to' achieve the desired stock of 
trees.. . • ' ' •

Thus, even if a

i-

%

4*« .
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„Here younger age groups (i.e. cohorts) can be moved up a population 

pyramid and compared in size and composition to older age groups'and 

the. likely effects on demand gauged. Similarly, given the age dis­

tribution of an existing stock of trees and knowing the rate at.which 

productivity increases as a tree matures (i.e. the yield ot growth 

curve of the plant), then the output for the next few'years can be 

reasonably well’predicted (the vagaries‘of the weather being ignored).

Thus information on the.rate of planting and the rate of 

maturation may be vital for efficient planning during the_^phase of 

rapid development of a new perennial crop.. The information is also 

of some importance i-n estimating- the supply elasticities when the 

industry is more nearly in equilibrium. It was the lack of data bn -

■J

»

%

the J'ate of maturation that forced Miss Peter Ady to adopt a nine 

year price lag In her estimation procedure for a long-rupf supply 

elasticity for cocoa (1^).

V.

Thus she misspecified the.output-planting . 

.relationship and ignored the contribution to total output of immature 

plants prior to their ninth year. Professor Stern in cocoa (24) and 

Francis Chan In rufiber X^) employed t°he same lag technique. In the ‘ 

case of rubber the misspe-cification is not important,since the full 

latex flow .is achieved soon after tapping'is started. But with cocoa 

’ and other important perennial tree crops, such as coffee and t'ea, the 

move to maturity's more gradual and signi'ficanf levels of production 

are achieved in the three to four years before, maturity. In the face. 

of such’difficulties, bateman (^) has sought to develop supply models 

which may be used to estimate elasticities when planting and. age data 

are not available.

r

V'
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J
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In the case of the smallholder .tea. industry , in Kenya, which
.. . ^ . , . . . . .. .

is the partictiiar concern of this study, planting and output data are, 

available but the crucial yield parameters are imprecisely known. In 

the present state of disequilil)rium, while .the industry is expanding 

.very rapidly, .predictions of future output are required for the opti- 

> mal phasing of road and factoi^ construction. Furthermore, the ^has-' - 

ing. of the repayment of the international loans which finance the 

, , industry depends mainly on, the level of tea yields,actually achieved. ' 

This study addresses itself primarily to the limited but important - 

task of-estimating these yield parameters by estimating the parameters . 

of the-.prpduction function for smallholder tea in Kenya. The esti­

mation ’technique, developed has general statistical -and-economic 

validivj-f The method presented here is relatively simpl'e-and it has 

■wider applicability. The data required can become easily available 

for other perennial crops from samples of.-relatively small size.

;r ‘

< •
V

'/

2* Background ^

■Tea is made from the young leaves and the unopened buds of

the tea plant, Camdllia sinensis (L.) G. Ktze, a species of plant .

■ y'
which'includes'widely .different varieties. Of fhe three main varie­

ties -'.the Chinaj the Assam and -the Cambodian - the Assama .jat' (Hind, 

-caste) .is most suited to East African conditions. The tree of this

' jat will g'row' to heights of, twenty to sixty feet but,, when cultivated 

in a_tea■'garden’, it is maintained by pruning to a height of less
• V

.. For a good summary .discussion of the plant, its cultivation,, 
and wide geographical dispersion, 'see Harper's small book (14). 
Greater det'a-il is. contained in.-(7_). ' ■ .

-a-.

ov*

•JS.
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■than three feet. As bushes or 'stumps' are planted close together,
' -v? ■ . _ _ _ _ _ _ _ _ _ ' '■

the matjire garden looks like a luxuriant, well kept lawn, raised

three, feet off the ground. The term 'garden' is singularly appro-

priate for a field of tea. -The flat, raised, surface of the tea <>

garden is referred to as the 'plucking table'. The act of haryesting 

tea is aptly called 'plucking'. This involves'the selection by the 

'plucker' of young leaves and unopened buds which are easily broken

off between thumb and forefinger and placed in a basket usually 

carried on the plucker's back. ‘ In this state the tea it’s described • 

as 'igreen leaf. After processing in a factory the tea is referred 

to as 'made tea'. About four and a half pounds of green leaf make 

one pound of-made tea. This made tea, from .the Assam jat, is the 

common<i'SLack tea' of the world tea trade. 'Green tea' ^;(not to be 

confused with green leaf) is produced by a different method of manur 

facture and.usually utilizes the leaf of the China -jat. This is the 

traditional tea of the East. - •

Tea was first planted in feenya in 1903, but_it was not until 

the early 1920's that planting oh a commercial basis was” undertaken.■
a ■ ' _ > • ' . t _ ,

Expansion of production in'the 1930's and 1940's was severely re- 

stricted under the International Tea>Agreemen6 to which East Africa 

adhered until 1947 when the Agreement was terminated. By 1947 the' '

.„ /
j

'i

total acreage was' only 16,239 acres but since %hen the industry lias
I . ■ .

grown rapidly. The initial expansion was along the' lines that had,

become .accepted practice in the leading tea-producing countries.t
•s

" X
Mechanical plucking has been undertaken for a number of 

■ . years- now in Russia and Japan but this does not' produce high quality
tea. ■4 •

/•
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Slpdia- and Ceylon (Table 1): latge estates of 500 to 2,000 acres- 

each-were cleared from forest .land and'planted with-tea by companies 

that usually had extensive tea interests in Asia, 

this time legally prohibited irom growing tea: ■ By^iip-7;y..;est-ate ■ 

age in Kenya had increased nearly 100-per cent to 30,500

Africans were at

acre-

acres. The

growth of the estates continues at a steady pace (Table 2)/while 

Kenya*s,-overall S.Z'jjer cent per annua) increase* in output between *
•r •' • . ■ ■ ■ ■■

1953 and 1965 is^^considerably ahead of the 2 per cent per annum 

increase m'world supply over the same period. Not-Only the absolute 

but also the relative importance pf tea in the Kenya economy has 

increased. In 1957 tea exports accounted fo'i

b •

^8 per cent of the 

value of .the country's agricultural exports -of EK26.4 million; by

1968 the'^ii'lure was 22.per cent of £K47.7 million.

■Table 1 - Comparative Statistics on Tea Afcreage, Production 
>- and Exports of India., Ceylon and East Africa 1965, 196^'

\ .

Co,untry . 1965. area 
(thousand acres)^

1966 production ■ 1966 exports
(million lbs.) (million lbs.)

.
A-4

Indiar' a 853 w ■825.

'496*
r

, Cey^^on . 

East Africa

■ 594 . . 441

1^4 130 .120

■56‘ • 50 ’of which Kenya . 61 ,'7'. .

^ - ]
* Source; .Tea Board of ; India, Tea Statistics,. 1966/67. pp.147-156.-

•
‘ ■ ~ >.
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Estate arid Smallholder Tea Acreages and Produttion.. 
Kenya 1959-1968.* ~~ •  r . "

Table 2
. tv,

Sf ■

C

Production (million"pounds,)Year Area (thousand acres)

Estate Smallholder Total.Estate Smallholder Total

a2,7.936.1 1.6 37.71959 27.9

a
' 1960 • 37.0 2.3 39.3 30.4 30.4

6.2.1961 . 39,6 3.4 43.0 27.7 • 27.9
1 •

1962 * 42.8

1963 '‘-^?»44.4

6.2 49.0 . 36.2 .35.7 0.5

. S'. 4 58.8 39.2 0.7 39.9
4, “ •

1964 45.8 10 .'7 56.5 .43.3 44.61.3

43.741.1.1965 47.8 12.7 60.5 - 2.6
. .S-
1966 51.1 16.0 67.1 52.1' 3.9 56.0

b ■sb
74.8 46.7 3.6 ■

’ 1967 54.0 20.8 50.3< -
b b1968 65.656.0 27.0 83.0 ' 57.0 . 8.6

•K

■r.

*Data. from East African Tea Boards, Tea, January 1968; Kenya Tea 
. Development Authority (KTDA) 1965-1968/8; and" Kenya Ministry of 
Econe.mic Planning-and Development, Stats. Division, Statistical 
Abstract, 1967, pp.74-,79. Production data are for "made tea" — 
dry, manufactured .tea, excluding waste.

1

Negligible. J

>. u.b
Provisional estimates. j-•»

if!
.

fr~

.■5»

7

«v
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. However, it has been neither the estate sectors’ growth nor 

the total growth b£ Kenya's tea industry that has been particularly

Ratheri it is the smallholder sector that hasrapid in recent; years, 

shown dramatic growth since'1-960 (Table 2). . This sector is adjusting 

to the dis'"equilibrium caused by the removal of the technical, legal, 

financial, and administrative constraints that formerly prevented . 

Africans from growing tea for the international market.

As the'tea estates expanded, the Department of Agriculture
■* ' . . .5

became interested in the possibility of African smallholders

.growing tea as a cash crop^ although it was well aware of the failure

of similar schemes in other cbuntries.-

farming*areas provided good tea land.

Ecologically many African 

A 'recent survey (4) has 

suggesfcu'Ehat these areas contain a total of some 1.5 million acres 

The Department then proceed.ed to experiment in

8

of suitable land.

-5Kenya Afi;ican sma^holdings are typically 4 to 10. acres in 
size and may have to ij acres und^ tea.

^It is worthy of note,^however, that a certain initiative 
came from the African growers themselves. ' Thus the A'gritultural 
Officer most concerned with.initial developments in the Central 
Province wrote: "In the years directly after the last war, there 
was a demand from the people for the introduction of Cash Crops,...■ 
There were numerous (suitable) areas_4.n- the Central Province where 
tea would grow. This had been proved by the go-ahead African, some 
of whom had, in fact, brought home seedlings from their employers 
(on'the Tea Estates), planted them in their back gardens and were 
producing..a tea of a Sort". (lQ>pi2) ' ,

-/

It was l^r this reason, that Mr. Gamble -visited a number of, 
Asian countries early in 1950. His report contains numerous'* obser­
vations and recommendations which appear to have formed the basis 
for the subsequent- approach to devg.loping smallholder tea in Kenya. 
(19 pp.43-44 and pp.74-76), Howeverthe_general problems of,small­
holder tea producers in the older producing conntries are not well 
documented. (But see 30, 21, 8, 11, and 15).

8
A pH of between )4.5 and 5.5 (i.e. a fairly acid soil), and a 

50"^^Uabyat, and at altitudes of between 6,000
’ ‘ ' . ^ ■ .'5 ' i

rainfall within the 
ahd 7',300 feet.' ’

■58
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the early 1950's with-both "block" and individual gardens of^tea.

The individual gardens were more popular and produced a surprisingly
10 ' ' .

high quantity-and quality of ‘tea. 

Slow initial progress was dictated not only by 

caution but also by the growth characteristics of tea:

necessary

seedlingstea

(stupips) take-two years to produce in nurseries; a further twp years , 

pass in the field before any tea is produced; commercially significant 

‘ yields start in the sixth year; and ma^rity is proTjably achieved 

in the tenth year in the field. In addition, the early 1950's were 

marked by the severe administrative difficulties and^poli'tical pres- ' 

sures arising from the Mau Mau rebellion (1952-1956). Howeverjthe 

Swynnerton Plan (1954) (25), with its requirements of viable cash 

crops fq?, the African farmer, gave impetus to stnallholder . tea and 

encourhged thd relaxing of the legal prohibitions against African 

'■grower. The first factory built especially for smallholders was

.^A "bldck" was a unified -stand of 5 to io acres of .tea in ■ 
which the surrounding farmers had shares.
■4

r
j

10By 1958, yields of 1,400 lbs. of made tea per acre were 
being achieved by African growers (letter from Mr. Gamble to 
Director -of Agriculture, 5th September 1958). For comparison, the 
highest yield I know of is .that of-4,000 lbs. per acre from vege- 
tatively propagated (VP)' stumps on experimental plantings in Ceylon 
(13,,p.42). The best Assam yields for seven year old tea are in the 
order of 2,400 lbs. (15,p.452). More generally’, yields in India 
-range from 102 to %26~to 1,200 in Bihar, Assam and Madras respec,t- 

•' ively (23,p.ll). In’the -1950's, the average’yield of~Ceyroh
estates w^s in the region of 650 lbs. per acre, while most small-., 
holdings produced" less than 250 Jbs. of poor-quality tea per acre 
(21,p.2) . ' The fine- plucking recommended by Gamble (9,p.75),, 
culminated in the excellent reception of the first.sample of small­
holder tea taken to London (see footnote 11 below). The standards 
have remained high (see 27ip.35). ' ' “

■

-A
I

-
&

-- ^
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completed in 1-957 at Ragatl ifi'Nyeri District. " The initial**- 

developments were'the responsibilities of -two- marketing boards; . the 

Central Province African Grown Tea Marketing Board and the Hyanza. 

and Rift Valley Provinces Tea Marketing Board.

'There is much evidence to suggest that the success of Kenya's
- -- ’-T ^ • * :

smalfholder tea scheme derives from the careful manner in which the 

industry was nurtuted. Aside from answering the important question 

as to -the willingness of African smallholders to be bound to a tech­

nically demanding crop, the egrly work in the Central Province 

evolved the technology needed for the long distance halilage/of tea 

leaf from field to factory. It is essential that the leaves are

well aired, are in the factory within six hours after plucking, and 
- * ' * 

are n6u-';^i^sed on the journey since this results in pre-fermentation

"and the cO'hsequent loss of quality of made tea. It was shown that

successful production.of tea by peasant growers necessitated comple-

mentdry organizational inputs of a large scale nature. This was true

of nursery-management, extension services, transportationV,,processing

and provision of credit. There is little doubt that had the develop-

ment been in the form-of back yard plantings, thS^hdustry would be

, suffering from the saing^ problems that have plagued smallholders in

!V

*'

%

»»■ •

■ The first news of the quality bf Ragati tea was contained . 
in a .letter ftorn Sir Frank Engledow tp the Director of Agriculture 
(A.R. Mel-vple) dated 5fh-February 1960; .'I now have the opinions •
of tasters°pn the Ragati tea sample ... They are very fayourable:
The colour of the,' infusion is satisfactory and .the,.J.'i'quor bright, ’ 
lively, ,-with a considerable briskness and pungency;-These strange 
terms are used by tasters.and all ^f Them are, in this case, favour­
able. ; \-Jhat it comes to is that thby-approve Ragati - the'sample I 

,, brought’-home - as a very good tea.' ’ '

t6.

I

A
A

■

N,'

,.-T.

; ^ .C-
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Ceylon.

'Because of tHe-need for a central organization (22) to. handle 

the international financing required for an expansion programme, a 

Special Crops Development Authority (SCDA) was established in 1960 

and it took over the responsibilities of the marketing boards iti 1962.

The first task of the Authority was to obtain finance from 

the International Development Association (IDA) and .the CommonX^ealth ■ 

Development Corporation (CDC) for two Development Plan^f The First 

Plan (I960 to 1967) aimed to bring smallholder tea acreage up from
X ' ■ -

1,500 adfes to-10,500 acres in 1965. The Second Plan (1964 to 1970) 

sought to raise the total to 25,000 acres by 1969. In.fact, these 

„■ plans were completed ahead of schedule (see Table 2). '

since the SCDA dealt only with tea, its name was subsequently 

, altered to the Kenya-Tea Development Authority (KTDA). (For histori-
> ‘S'

. ‘ cal and organizatiopal- details see , .17, ^) . At the same

■- time its constitution was made, more * democratic by including elected

growers' representatives on its Board of Directors. However, the 
• ^ . -

Authority remains an all powerful autocratic organization; it is 

. both monopolist and ,monppsonist. It has been the only legal source 

of planting material-and the major source of credit. This posifidn- 

is further reinforced by the fact that the KTDA operates the entire 

extension system for smallholder tea farmers. It is a strict monop­

sony, being the Only .avenue through which'farmers can sell their 

produce. Such a'bi-lateral monopolyj dealing with some 

'debtors and creditors, could not have functioned with its present

%

■t

* •».

r.

i T>

i

■ 12 ' . ■ . .
'If evidence is- needed, I refer the diligent researcher to 

the lengthy correspondence in Ministry of Agriculture files oip-^the 
problem* of .peirsuading^^^ine growers of an inferior China hybrid jat in 
Fort Hall District tpTuproot their bushes and plant high yielding

•.A

Assam tea.
IS

I
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efficiency and moderate costs prior to the advent of.computers.^ It 

has individual recofd.s Jojr .each farmer oh the number of tea stumps 

■ bought in each year, the price paid for them, the credit .adivanced, 

monthly production figures, the amount paid to the farmer and his 

outstanding debt. There is indeed a mine of information here.

Fortunately the KTDA has remained faithful to its stated 

objective, of promoting and fostering the growing, of tea. by Africans 

in Kenya. The rapid expansion of acreage~since the Authority started 

operations is a measure of its success. Its raison d'etre has been 

partly technical and partly financial: the field sector of its oper­

ations is financed partly by loans raised.on commercial terms, and 

partly (and increasingly) from self-generating revenues received by

i
V

!
■i

r
1

cessel -levied on growers - the cess income also provides revenue for 
...^'the fidemption of loans. Factorfes established for processing leaf 

grown by smallholders are separately financed (in ^art by the 

’Authority) and are self-contained units. Apart from road construc­

tion.and improvements and cei^tain capital items required for Govern-

. %

A-

ment-employed field staff, for which the Kenya Government provides 

the whole complex of tea development under the 

Authority's auspices is designed to be a self-contained financial 

entity (17).

13
grant finance,

A

ry

By„1969, the administration of the KTDA had-been completely 

Africariised with the exception of.professional accountants. With 

the completion of Its first two planting programmes’well ahead of
• r.l

A

This, is a. grant as far as the A^^brity is concerned, but 
the. Kenya Government.has financed these roads with IDA funds.

,, (Se-e-(l^)).- -
■;

V ••
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the-l97Q:-se^son7'’thfe "Third Plan" has been started and calls-for the 

planting of an' additional 30,000 acr'es by 1973. This will bring the 

■smallholder screage to about 57,000 acres - a truly remarkable ' 

organizational achievement. ’ .

The accompanying map shows the main tea producing areas of

•i

'kenya, together with important geographical features of-the. country.

A distinction is made between estate and smallholder producing areas.

...

The positions of the administrative Districts which feature most

prominently in this study are also indicated.

3. The Field Operations

since it is of considerable relevance to an understanding of 

later chapters, this chapter concludes with a'very brief description^ 

of the field operations for tea '128). Tea seedlings are produaed in 

central nurseries and at two years of age are pulled up, pruned to a 

four inch stock and are distributed to •gr9wers iji'time for the-March-
■ ‘ - t ;■■■", . ■ ■ ■ ■

April planting season. The seedlings'or "stumps", as they are called',- 

have_traditionally been produced from'need but as superior'parent. 

clones are'discovered increasing emphasis is being placed on vege­

tative propagation. The stumps are planted in holes about two feet 

deep and 9.to 12 inches wide. »The' spacing-adopted in the .areas west 

of the Rift Valley has.been 5' .by 3' giving 2,904 stumps to the acre.- 

East,of the Rift, the' spacing is 5' by 2j' giving 3,485 stumps to. 

the'acre. The time period betwebn holing arid planting should be.kepri'"

as short as. possible. Hence, planting is a .period of intensive.
, ' * - • ' • -...

labour activity .and unless the reasons unde'rlying the recommended
" ■ ' ' ' ' '

planting practices are

!*. 1 i- ■

•N
*1

•/r-

-

. C-

understood it may be tempting to . •Cld^

-/
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a less th^n thorough job.

> Once ^allholder tea was seen to' be a success the demand for

plants-rapidly outpaced'the supply forthcoming from the nurseries. 

The situation has been difficult to rectify since there is- at least 

a three year lag between the preparation pf the nursery and' the. pro­

duction of stumps from seed. In spite of having the largest tea

nurseries in the world the KTDA has always found itself iinderesti-
• ■ ■ ''Si.'.

mating demand and, consequently, mfeasures have had to be taken to 

ration the limited supply among growers. It'is.only'now, with the 

recent isolation and testing of particularly good clones that can be 

vegetatively propagated (V.P.), that an end to this bottleneck is in 

The limited availability of stumps and the high labour 

requirements for planting mean that farmers seldom plant much more 

than a third of an acre (i.e. about l,ObO stumps) each year.

The fertilizer recommendations of the KTDA have been con-

-.1

sight.

fusing and'have not been pushed with much vigour by their extension 
15 '

Very little had been'used up to 1966. Because stumps are. 

pruned before distribution, it is necessary to sha'de each stump

■staff.

after planting in the field - this is usually achieved with three or

lA
The fact that some African farmers are now successfully 

producing V.P. stumps s^aks well of the increasing sophistication , 
of their agricultural.practices. It was only a few years ago that 
the Chief Agricultural Research Officer wrote'in a memorandum:. 
"Much-of the effort_of_J:he Tea Research Institute is being put into 
the development of V.P. techniques which are expensive and difficult 
and, in my view, beyond the reach of the indigenous cultivator for 
many years to come”. ^ (Memorandum from E. Hainsworth, C.A.R.O.

, 15 th July 196’0) ' , • _ .

gSt'

_%
15
This is'hardly surprising as . it is only in the last couple- 

of years that the East Africa Tea Research Institute has' really been 
.able to ghow the-economic'advantages of fertilizer'application. The 
' KTDA Stresses the need for further research. ' (16,p. 18)
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four bracken frondSi^ Since the ground has to be well cultivated and 

clean of all tree roots, the soil is usually lightly mulched until 

the plants themselves provide sufficient leaf cover - usually by the 

fourth year. As indicatTed earlier, tea takes a relatively long time 

to reach maturity. Although output commences in ,the third year.in 

the field full maturity is only achieved by the tenth year.

High yields throughout the life of the bush, which may be 50 

years or more, depend largely on the .formation of a strong spreading 

'frame' of lower branches, which must be developed during the ^arly 

years after planting. Broadly speaking, the object of frame formation 

during the early development is to suppress the natural upward growth 

of the primary branches i^nd to encourage the maximum possible side­

ways spreadjitr In. addition, mature branches are periodically pruned 

.to stimulate new growth'and maximise yields (see'28,p.42); to remove 

-unproductive or diseased wood; . to bring the plucking table down to 

a manageable height; and to allow'^:orrection to an uneven plucking 

table by giving a fresh start. Pruning is supplemented by 'tipping 

. in' which is essentially a form of light prune designed to give a,

. plucking table parallel to the slope of the ground. Table 3 gives 

the KTDA's- standard pruning procedure.

. >\-.

3

^ This is a technically demanding task and ineorr_ect pruning 
in the early years; is-difficult to rectify. This was a major cause

See for exampie-E-r Hainswor-th-'S-. .
For the results of pruning ^experiments

— of- Goncetn- durihg-the- "-Fiirst- Plan"-;
1962 Safari Diary (12). 
see (3). My own. survey data indicate that there is a greater degree

. of specialization, and hence hiring of labour, in pruning than in the
other tasks. 1

Since the data, for this study were collected, the procedure 
.. has bedh^changed by the introduction of 'pegging' - a ^time-consuming 

, taak but one which produces'^-xcelleht lateral coverage.
rr—

• *v
a

- -V. :
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Table 3 Standard Pruning Procedure of'the KTDA*-

Height - of 
Prune (inches)

^ Height of
'Tippii?g-'(inches)

Years after 
Planting

■i-

1 6,
r-

y
2 11

3 30

4 16 30

5
•%

6 20 30,

7
-

8

9 22 30
s

a
10

tf

^Source: -ICTDA, Standard Procedure: Technical 2-/^6-

^Thereafter raising the height by 2 inches at each subsequent 
prune, every three years.-

4

-7
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, . Betwepn prunes is th^ period o.f commercial production -during

which tea is harvested or plucked. ' ;

plucking itself i? a skilled task in which only two fresh^

leaves and a bud aire taken as the saleable product.
; . ' ■■■ ■ .. . ., ^ '■ ■ ■ 

slioots must be recognised and plucked while dormant shoots (techni­

cally called 'banjhi') are broken affand rejected, necessitating^ 

'Considerable manual dexterity, Mismanagement is common in'*plucking,

. which is=nbt surprising given the newness-of the crop and the skill 

required. In order"' that the many^ifferent ways in Which misranage- 
ment can occur might be appreciated, the KTDA's instructions o^ 

tipping and plucking are given as Api^qndix I.

In Kenya, plucking continues■throughout the year with between 

^ and 12 per>'5‘int of the annual crop coming in in any one month. 

.Puring flush periods, '.plucking rounds' may be. five days apart, 

decreasing tp 10 days or longer at bther times. A 'plucking round' 

is defined as the action of plucking all one's tea. The time between 

round's is then the time between successive pluckings of aiiy given 

, . bush.

The correct

I

■

\

Tea 'buying centres.' are located along the roads in, the tea- 
growing areas. Generally, a farmer ^^1 be wifljin a mile of the 

nearest buying centre;' The KTDA, through its teaf Officersarranges ^ 

a regular collection schedule. Thus the farmer's’responsibilities

■ for the crop end with, his delivery of the green leaf'^td: the centre 

.-where it, is, checked . for quality and weighed before being sent on to 

the factory for processing.' The farmer receives a'-.'receipt for his 

'leaf and, is paid monthly, with about a two month lag between deli-w^ir- 

-ies and payment. ■ ■ ■i

>C:'» .
y ■

/ ■

f- > 'S'.
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4. Summary and'the Plan of the Study

The agricult^al sectors of many less developed countri,es 

have"a vital role to play in the process of development,and any rapid 

changes in the sector are o'f interest to~Elfe economist. Smallholder • 

tea production in Kenya wan really launched in 1960 and, in a manner 

carefully controlled by the Kenya Tea Development Authority (KTDA),“

;

is adjusting rapidly to a disequilibrium situation caused by the-t. 

removal of legal and. te^nical constraints. Tea is a crop^requiring 

considerable care and skill during the establishment phase and the ‘ « - 

early years of the ten year,maturation period. Prediction of future, 

output is important for the efficient phasing of road and '^ctory

construction and international loan r'epaymen'ts; 'HoweVen,—while plant- 

ling and a^e-^ata are available from KTDA records, tea yields are only 

imprecisely knpwn. Although the particular case, studied is’*of small-, 

holder tea in Kenya, it is.,the prime task of this study to develop a
X

general technique-for estimating the'yield parame'ters of perennial'

crops through a production function approach.

Following this, introductory chapter, the study’ contains three
. . . . . . . . & - ‘

. ■■ ■ . main sections: the-first (Chapters II and III) is concerned with the 

specification of functional form ne^ed to^estimate the output para­

meters for tea. The second section (Chapters IV and V) tests the 

various models and uses the results to predict output ;for different •

' pirodueing areas in'Kenya. The'last section (Chapters VI,- VII, and 

• VIII), discusses the role of management and'^bour in the-function, 

and sbdtes the conclusions'of the study.

- r ,

'I
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CHAPTER II
It ■

THE PRODUCTION FUNCTION I '

vs’

•.t

'■d" •
1. Its Logical Existence

A'production function is a mathematical expression showing 

the transformation of a given set of inputs into a set of outputs.

In the traditional theory of the firm,' technical efficiency is 

assumed so that- the production function shows the maximum output 

obtainable from every possible input combination. In terms of sets, 

we say that the production function traces out the subset of points
S

on the boundary of the production possibility set. This is illus­

trated in Figure 1 where units of labour input are given negative 

values. set represents the possible realizations of output of

a commodity in response to labour inputs. The set is closed and 

bounded so that the concave curve OMZ of the boundary, or "frontier", 

represents the traditional production function of micro-economic 

theory. C17). ' k .

"The best utilization of any particular input combination/is 

a technical, not an economic problem. The selection of the best 

■ input combination for the production of a particular output level 

depends,upon input and output prices and is the subject of economc

'V

■

I
"'3

.f'

i

1
ft

ft

V.

ft- j ■

: —analysis" , _ (7, •

Since economists make some claim that their discipline is a 

positive science, the estimation of production functions is an 

important aspect of their attempt to explain-"what is". ^In agricul-

ture, it-is often possible,to design experiments to generate .fe^e ’

' ,
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Figure 1 A Production Possibility Set for One Variable Input. ' it.
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necessary data (B). In these circumstances, .the major analytical 

problem revolves around the appropriate chpice of function. Wi'th 

•nonexperimental' data, 'such as are used in this study, the problems ■ 

■are more complex. . We are faced'with the initial, philosophical' •
'■ . . . . ^ ' N*

■question as to the existence of .the production function and, if it

T'-'

\
exists, what-specifically our observation's and variables itfehn*. For,, 

"without specifying ,explicitly what produces the observecl .data it is, : 

impossible to draw any 'structural' .cpnclusions._fEpm. nonexp'erimental'

; .data". (^p.2831

'' ''' j
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Ideally, from time series data on a given firm with constant 

technology but with a’set of changing factor prices and prcfduct 

prices, we should be able to trace out a production surface. The 

changing factor prices'trace out the isoquants while, .at constant 

factor prices,^the changing product prices raveal the expansion paths. 

Rarely are we in apposition to have these data — either because 

relative prices do not change significantly or because technology 

changes and hence the production function itself changes. For perma­

nent crop agriculture, the long maturation periods between planting ' 

and harvesting mean that observations must.cover, a^number of years - 
a period often too long for one to assume constant,technology.^ In 

th?se circumstances, any straightforward relationship between price 

and outpuf TJor planting),may be tenuous. , In general, with any time 

series data (for a'-fifm}-.aji industry or a country) technological 

• .change must be'explicitly catered»,forSi

Hqwever, it is not only with regard to the constancy of tech-
.<a

nolqgy that the maturation period is important; it also- implies^a

As will be discussed in-the nexts poly-periodic production.function.

section, the crucial inputs are those undertaken at apd around the 

time of planting.

with which they are planted affect the future stream 'Of_ output criti- 

:., call-x.,i--j;n^the. cir.cumstances,,la; model incorporating^ilpoint input"., and ' 

"multipoint output" is appropriate. .Assuming that.the farmer is only 

concerned with his tea (this, iS, of course, a gross over-simplif:^ption) ,

Here the number of tea'stumps planted and the care

- -^Thus improved varieties and cultural'practices have, in
recent years, led to -very-^bstantial yield'ihcreaseq^.in cocoa,^

■ ■ rubber,-palm, oil and tea (a matter to which we shal-l return).
/•

, i
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then clearly,.if ,economically rational, he will wish to maximise the
/

present value of net profits subject to the technical constrain'4 

imposed by his production function.
A

What are his decision rules? ' ’ •

Let;
\

T ■ n
2: P, % (1 .+ r)"*" -

t=o ,
TT* = E w. X.

j=l J

be the farmer's constrained profit function, ■ 

where

t Ul - 1)

O

•#
• ^ q^. = expected output of green tea leaf in year

. t (t = o,...T)

expected price of green leaf in year t ’

= rate of interest (0<r<l)

Wj =?■ price of input j (j' = 1 

X- = input j (j = n)

Then the first order conditions for

■>; . ^

r

,n)»• •

V

2\
a maximum are:.

= p (1-+ rr*^- 4- = 0

(where F^. =

JB

--(il - 2)
.J*-

■ ■

—
Stt*

■3x, “ ,

4

+ XF. =. 0 •:i Jj

. '4-.

3x.J >
'J/ A.

U
32*

3X
1

=■ F , X ) — 0
■ n J

• (II - 4) -; X

The second order -conditions for the maximization of this, 
function are' that the relevant bordered Hessian determinants ' ■

. alternate in sign. ' 1 . , • , ' i

A—-

r' - -

f
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Being particularly interested in the input-output relation­

ship , we divide (II - .2) by (II - 3) to get ' i

1 =-F:F.-l:Pj.(l + r) Wj

—1 ^ ^-5
which, by the implicit function rule (where F F. = - -r—^)

t j

t J

means

that

3...
. ■ >= (1 + r) ^ (II - 5)W.

J

..T

Equation (11 - 5) simply states that the farmer should
f ' increase the amount of input x; until the discounted value of the

But for the time
j

marginal product equals the input price (Wj). 

element and the discount factor (r) this is the standard input opti-rT.- •■'“5

mization rule. There are too particular points of interest: in the 

first place, q^, was defined in. terms of expected, output since tea is 

a new crop to the farmer and he may not fully appreciate the impact 

on future output of the complicated planting and pruning instructions 

■ passed on to him through the KTDA extension service. In most of the 

producing regions in which tea grows well in Kenya it .is the first ' ,

It is, therefore, not

unlikely that the farmer has a hazy view of the future output stream 

.and howit might be influenced .by those labour inputs that are highly 

complementary with the number of stumps planted. ‘ This'thetne is taken 

up agaifTTeLfer. . ’ ' . . . - - — - - - - - - - - —_—: 

> .

pegehrii-al crop with a long life span.^

/

' ■=> 1

^ ■

a

^ Pyr'ethrum is ah alternative in some areas but the life 
cycle is!only four years. Tea, on the other,hand, has a life span . 
of fifty years or more.. r .

L

■'i.

V'y--'
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The second point of interest in equation (II - 5)' is that 

there is a readily available discount rate which is the same for all 

farmers. The farmers can obtain credit from the KTDA for stump

purchases up to sixty per cent of the-cost of planting one acre of
^ The interest 'rate on this loan is par cent per annum.^tea.

' r'

After a farmer has planted one acre, credit is no longer available ,

ffora the KTDA for this purpose, but-very often commercial bank loans

(at 9 per cent) are available owing to the regular, monthly nature

of thereceipts which the KTDA often pays directly into a fErmer's

bank account. If the investment is worthwhile on loan capital at

9 per cent then it will certainly be worthwhile at 6J per cent with
<

■ funds limited to this purpose. Conversely, farmers may well cease 

to plant tea a^fter reaching the one acre limit.- Having these dis­

count rates sidesteps the possibility of every farmer usi^ his own " 

rate of positive time preference and hence preventing any meaningful _

• interpretation of the relative performance of different tea farmers.
■ . . " “

• • The foregoing discussion suggests some of the.reasons why

there will be a scatter of-observations from cross section data siich

as are used in this study. Theoretically, if*^e works from the
■ f ■

assumptions of technical and price efficiency and of a perfect mar
. •4‘

ket, for the factors of production,-then all firms should be located 

_ _ .onjthe^same expansion .pa^h. Add to this an assumption of a peffectf-

V-

•r
•i

i.

■4^

, • _ The. full price of ..a stump is 30 cent’s and'there are, bh
averag^ ab'Outf'STOOO'^tump's per'apre. Thus the capital cost for. 
material for planting an a'cr-e of tea-is'about 900-shiTrings.

-.-A

A ' <•
This is considerably 'below the open'market rate but some­

what above the rate- at which KTDA itself was paying the iriterhationat 
lending agencies'.

,*

.... .
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product market and then all input/output ohs^rvations should be 

located at a single point at any one time. It is indeed a basic 

hypothesis' of this study that in any given homogeneous geographical
Yf ^ ^ V- -i--..—,

location there is a basic'underlying-," technically determined pro- 

, duction surface. However, there are at least four reasons for 

supposing that there should be a scatter of observations on the 

production surface. First, individual .assessments of the market may 

differ. 'Given the multiple time periods .with which the farmers are 

dealing, the expectation of future prices (p^, in equation II - 1) is 

likely to vary among individuals. Secondly,, the individual credit 

worthiness of farmers will vary. Some farmers may not have the 

initial deposit (of forty per cent) required for stump purchases.

Such farme*i-.j'’are unlikely to have acceptable collateral for bank 

loans and the rural money.market is not geared to long term loans.' 

Tfiirdly, farmers may be price inefficient in input space. Thus they 

may be operating on-the frontier production possibility set but 

, using an input combination which does not reflect the relative factor 

prices. Lastly, as was indicated in Chapter I, there has been an 

inadequate supply of planting material.

rationed out at- set prices to those farmers with the desire to plant 

and wi'th sufficient cash to pay the deposit.for the tea stumps. The 

rationing at the local level is done by elected representatives of ' 

the growers and has tended to be fairly egalitarian. No trading is 

permitted among recipients of the .stuippS. Thus while optimization 

in input/output space (equation II - 5) may 'indicate .one level of

.>

The limited supplies are

production, the limitation pn a factor's supply r'estnidts the domain

and, if the restriction is binding,'that input becomes a fixed'factor '

X
ts

a.
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of production. But for each farmer, it may be fixed at a different, 

arbitrary level, i.e 

decision.

1

it is dependent on the allocation committee's
* ''s.;-

This explanation as to why, with^a given set bf-factor prices, 

we obtain observations along a segment-of the production function, 

..conforms basically with the classical approach of Marschak and 

Andrews.

.a ship

&
However, our fixed factors ..include not only entrepreneur- • 

but also the constraint on the supply of planting material. 

Next, the scatter about the function must be noted. Provided

the production function is indeed correctly specified and all rele­

vant variables are included, then there remains the "noise" of minor

stochastic errors which should conform with an a priori defined 

probability distribution; ' However, because of the lack of knowledge- 

about the production process, or for lack of adequate data, the 

mist is rarely able to specify the full set of conditional probability 

distributions in a stochastic relationship but rather must specify the
-t.

parameters of the most important subset

econo-

InJ;heae circumstances, the'

omission'of variables or the misspecification of-included variables
S-'

will increase the residual errors and bias the coefficients of-the 
included variables.^

The discussion thus far has been traditional in assuming that

6
See, in partieul-ar, A.A. Walters discussion of the Marschak 

and Andrews model and the exogenous variable (lb, p. 14-16)

Ybtopqulos gives one of the good formal presentations of - ' 
the logic of..,this section (18, Chapter 3).<.

. h

- . -•

■l! \
c



f-

/

-30-
»-■

8
technical efficiency exists- ■ That is to say,-the traditional 

production function describes- only the efficient techniques whereby 

output of'a desired commodity is produced for. given inputs.• ^
maximum

.’For many years divergence from technical efficiency was deemed to be
■ 'V

a management problem and so outside the range of economics.

(see, for example, 1,_3, 10,' JH, J^, and 17).

This is

no longer the case 

"Everybody" knows that in .any industry there are firms who are less

Thus firms are.not all producing along theefficient than the^best.

■ efficient frontier of the production possibility set but also at

inefficient interior points, such as point N in Figure I. Once this 

has been admitted, then the stochastic error term contains more than 

just.random "noise".

cal avenage of a scatter of points along the frontier, but some 

interior

One is no longer.estimating a purely‘statist!-

4 '

''averag^. ^

Some-firms could therefore produ'ce'more than, the average;
'But the meaning of such an "average" function 

Average in the senSS of what^
or a mode? More importantly.

some less.
■ ■ i. ■.is not necessarily clear.

A conditional median? a mean? 
average about what? about soma input?, about technology? 
or about something else? Some' economists refer to it as

This inter-■the function for a "firm of average size", 
pretation cannot be correct unless it is assumed that the 
parameters of the function are random variables and have 
their jexpectations equal to those of the firm of "average 
size". Others seem to refer to the average function as ■ 
reflecting some sort of "average teohnology".
(l,pp. 829-830) ' V

a

. . - The-problem can_be.illustrated' by a modification pf Figure 1.

..Instead-of a production possibility set with a single efficient 

frontier production'function, it'is suggested that there exist a.

■ ^The following discussion owes a heavy intellectual debt to -
Peter Timmer-and, in particular,' to his lengthy discussion paper ]3.'

V

■ ■.. a.
y'.f
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Figure - Differing Efficiency Levels in a Production 
Possibility Set■ ‘f
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family of production functions.'depicting various efficiency levels^

For example, four levels of efficiency are depicted in Figure 2.'

, OZ is stili the efficient frontier. OY, OX and OW are 

progressively lower efficiency level-s, while OA is the function "■ 

"reflecting some sort of 'average' technology' "I'.

The conclusion is that in situations of rapid technological 

change? or xAere there- are other reasons for believing that technical 

efficiency on the part of firms is an unacceptable hypothesis,
I ’■

explicit account must be taken of this in the specification of the

production function^#. Clearly, a hypothesis of technical efficiency r

must' be unacceptable in the case of the smallholder tea production 
-■ '• - ■ ■

;■

r-

.
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in Kenya since this is a new crop with the whole range of unfamiliar 

production techniques, or cultural practices; notedLat the end pf- 

Chapter I. This is not a case'where there is some constant rate of 

technical progress with the-progress embodied in' the relevant vintage. 

Neither Is there merely a single technical innovation being accepted 

along the usual logistic adoption curve for new practices. Rather' 

it is a situation where a single new product, with a technology; 

radically different from that used on the common annual 'fSod crops, 

is incorporated into the multi^product fapm. Consequently, even 

among th^farmers who "accept" tea Ci-e. plant tea stumps) thpre 

will be a wide range in the degree^to, which the'tot^ package-of 

innovations is accepted^ It will become important for this study to 

be able to distinguish between "better" farms (which have adopted in 

V- full the new technology), "average" farms, and those performing-Worse 

than average. ^

This,concern with "technical efficiency" is nothing new.

Within the less developed countries the variability in efficiency 

. between farmers has for I'dng found explicit expression, in such'des—. '

criptive phrases as "Progressive Farmer", "Master Farmer" or "Better 

Farmer". -The mounting literature on the" subject is evidence of the 

growing interest of economists in explaining the wide range in , 

efficiency found in cross-section studies of firms (i, £, 1^, U,, 13, 

15). Agricultural extension services and economic'^theory recognise 

'that the ultimate responsibility for the degree of efficiency on.'a 

given farm must lie with the farmer, himself and his managerial abi-

rr .

\

S

I

A

*.•

I'- ••

lity. , It is thus an^ essential requirement of this study tliat ade­

quate attention be paid to th . • /—
robrefi of "technical efficiency".

•a
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The Production Variables-2.
- i

A basic rule-for choosing the appropriate algebraic form for 

a production function refers to the "logic, or the basic,mefchanics 

o^f the production process" (18, p.48). It was" for this reason that 

'the mechanics of tea production were discussed in some detail in 

Chapter I and why it is now necessary to elaborate further oh the

production variables before discussing the functional form in the
• ....

next chapter. ,

The full set of production variables for smallholder tea can 

be represented as follows:

- • '^it = "(^it> hf ^i> °i’ «it-l •••••»it-5)

(ii - 6)

^it> ^it’

•

wh,ere
. >

.**

is the output of green leaf of farm i in year t.

is the number of tea "stumps" (i.e. bushes) of 
^age k on farm i in year -t.

is the, number of man equivalent hours spent , ii)^ 
plucking tea. ‘ ■

is an index of marketing difficulty constructed 
by measuring the distance of any farm i. from the 
nearest tea "buying centre".

is' the-land input of farm i. ■' , '

C. is the micro climate on farm i in year t.-

..M. _ represents the present and past cultural. -rt-'D ^ - - - - -- -- - - - - - - - - :

practices of the farmer in terms 'nf the pptimum- ' '
preparation of the land before planting; the correct 
spacing of plants; provision.of adequate shade and 
mulch for young stumps; and, finallyi correct 
pruning .procedures and fertilizer application.

•■^it

\it

L.
It

D.
1 '
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Output (Qj^) is measured in pounds of green leaf delivered

It is here that theby the farmer to his local "tea buying centre".
• . * ■ - 

leaf is inspected for quality and that the farmer receives his
V

receipt. ' Consequently, this is the logical point at \vhich to measure 

farm output. O

/V-
important' of the input categories is the

At.any

The firsf and most
'9

stumps planted in each year •actual number of tea

one _time, the fajrmer's stock of lea bushes consists of an amalgam of

In terms of its contribution to the

■4

L

bushes of different vintages, 

total output of green leaf, each vintage is located somewhere along
J3 .

a logistic growth curve"* such as that depicted in Figure 3.
/

The structural parameters of this curve,'are unknown for any

All that is really known is' specific te^growing area in Kenya.

. that it takes nine to ten year's for a'tea plant to achieve maturity.
f

Since this process of maturation is continuous (but for interruptions 

caused by pruning),, the approximate shape of the curve, is fairly

obvious.. Some intelligent guesses as to the position of the curve 

This is essentially<^11 that the KTDA has been
r

can also be made.
10

able to do to date.

^Its primacy relates not merely to the fact that this is 
where the product grows but‘also to the farmer's decision making. 
The farmer's major economic decision is whether or not to plant 

Once the stumps are planted, the farmer has a severely, 
constrained set of decision parameters. ' ■
tea.

^®The latest official oommunication on the subject is a 
1968 article in the Journal pf Tea Boards of East Africa by the 
Authority's chief technical officers, Mr. Gacoka and Mr. Green. W.

ii.
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Hypothetical Yield Curve for a Tea BushFigure 3

• A

■;

Yield 1.5

(lbs. per 
annum)

i'

-n.

:
, *■

Time (Years)0 i'.
■s

s a \
The Authority arrives at its estimates by using recorded 

data from its tea training farm at Kagochi_to draw a "bench mark"

Then, ,since this data refers to only the one specific ’ ; 

rule-of thumb additions and subtractions are made to this

growth curve.

area,

curve to produce a family of curves .similar to those depicted in 

The yield, curve chosen for any particular* area is thatFigure 2.

which appears to "fit" .best with actual production obtained so far.

The yield ratings currently inEach curve is given a name or rating.

re... shown in Table 4 and range from Extra High to Extra Low.use a

^^Not only one■ area.shut one farm in the area. ' Their technique 
coulcr be widened by examining the -performance of all those farmers 
who planted tea in only one year. Although this is unlikely to-be a 

■ representative sample,-Brown appears to have received .yield estimates 
“1“ 'from the KIDA obtained in this manner (2 p.-7) ' ■ '

rr

■fS
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Normalised versions of these figures could be used to con­

vert stumps of different ages to a "mature s’^tump equivalent" and,. . 

hence, the total stock of bushes could be summed up to a "mature 

for any given farm, or group of farms...12:
acre .equivalent

if data on plantings were available for many farms, it^would be an
—C

unnecessarily crude procedure to build on the rather uncertain

However,

foundations of these yield ratings. ' : .

Given the planting datS, how are the- yarious vintages related

Since there is unlikely to be 

any interaction between one vintage and the next, the relationship 

will be a linear one: • „

'i

to, one another and to total output?

•!

•».
■ , (II - 7)'

is the output of tea in year t ^ ■

is the yield of 3 year old tea stumps

is the number of year old tea stumps in year t 
. . etc.

where 

‘ ^3

St

The linear function (II7), which, by itself, necessarily 

assumes that none of the other variables in (II,“ 6) is a binding 

■ constraint, is not only simple but intuitively appealing. All tea 

stumps sown from seed will not be identical, but differences will be 

random in .most samples of seed (such as'those of the KTDA), and.
Jl

12
This is analogous to the procedure for calculating "man 

equivalent" units for labour and, indeed, when any vector of inputs'" 
is aggregated: ' ■ ' i

,-
is-

<5

i
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consequently, there is no reason to assume that',there is any system- 

atic divergence from a linear relationship between output and the 

number of stumps planted,

9 . The next input category in the list of-variables in equation

(II -.6) of labour, 

spent in plucking tea.

tor of production in classical micro-economics and in this case it 

is certainly a necessary input: withput labour there can be no 

output (in the sense in which it has been defined). But what is 7 

the line of causation? Does- labour input-determine output, or does 

the number of "two leaves and a bud" call forth a certain labour

is the number of man equivalent hours^^ 

flow labour is considered to be a prime fac-

.J-

input? We have been care'Tul to note the uniform and strict plucking

The KTDA, being

the, complete monopsonist, is in a position to ensure that its-

orders (?!) are complied with. It is interesting to note that the
14 !

instructions‘xsSued by the KTDA (seq^i^pendix'I) ..

KTDA relates poor plucking to-itanagement 

input per se which is technically determined by ,the length of''time

and not to the labour

it takes the eye to seek out and the hand to pluck "two leaves and 

If this is the relationship between output arid labour 

_ then it is indorrect to. include labour as- an input in the production-

u 15.a bud".

13 . .
J^e are immediately making as assumption that we know the

• appropriate weights by whicli we can "add up" male, female and 
juvenile labour. We don'.t know these weights. Here we are merely 
usiiig the unit for convenience of exposition.

’A
Appendix I, paragraph 2.(4)’.

15
This is not to deny that there is a wide range in the 

skills of individual pluckers. }

n.

' tL:'-
•rf
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function. In other words, if our other inputs perfectly explain 

output, they would also perfectly explain the labour input. In 

statistical terms, this is a case of complete multicolinearity of 

inputs. In economic terminology, we have perfectly complementary 

inputs. • '
• >

There is a possible objeotion to the above argument. No 

account is taken of relative product prices which may affect the, 

labour input in any one croj) at any one time. But this implies that 

labour is a binding constraint■in the production process. Two tech­

nical aspects of tea production should be recalled: first, plucking 

"rounds",are spaced between five and ,ten days apart and any one 

buying-centre is in operation two to three days a week. Secondly, 

tea in Kenya**!"? harvested throughout the year without the-peak labour 

^^emands usually associated with a’griculture. In spite of the high 

labour demands of the crop, these two factors allow a distirict range 

' of flexibility in timing which minimises the competitionSi^tween tea. 

and other crops for labour services. Furthermore, in these rural 

areas hired labour is available at costs substantially below the
W ; S ^

legal'minimum (or unionl wages forced upon the large scale estates.

There is the additional problem of the labour inputs other
- X. ' ■

than plucking. These are ."clearing and digging", "p,|&nting^, 

"mulching", "weeding", "pruning" and "delivery to buying centre.".

.

d

i

■ Thus the rural wage rate-in'tea growing areas is about 
sixty'Shillings per month, while estate wages, are nearly double this 
figure atid the estates provide superior accommodation and social 

Against these higher wages should be set the stricterservices.
discipline insisted upon by the estates:

' ■ 4
&

iX
. -H-
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The first three are related to the initial life of the stumps. 

Improper planting procedures are probably more important in deter­

mining the vigour of the bushes than is the actual time spent on the 

operations,. Consequently these inputs are better classified as- 

t^anagerial • than labour. The same is true of the last item, pruning. 

Unlike many other perennial tree crops, the weeding requirements 

are{ minimal after the fourth year in the field. The closed spacing 

of the bushes, the wide lateral'growth of the branches and the dense’ 

foliage block out light from the ground and consequently inhibit"the 

The last category, "delivery to buying centre", isgrowth of weeds.

considered b'elow.

There are two aspects to the input of land (S^), on a given 

The smallholder producer has not_,had 

-^much choice regarding the spacing of his-plants - the same recommend­

ations go to all growers. .Cnns-dquentl-y, there is a fixed-re'?ation- 

ship between the quantity of land and the number of stumps planted.

We therefore .regard a planted

farm - quantity and quality!

■1

ump as composed of .the stump per se 

pf&s its associated land." As far as quality is" concerned, soil
>>

fertility will -undoubtedLy, vary somewhat between farms and between . 

fields on a given farm. Furthermore', the variability is likely to 

increase as the_ size of anjr given sample area increases.
" ■ .,4,' '

The analysis of the effects of varying climatic conditions 

on the growth and productivity of the tea bush has been "the subject 

of many scientific articles (see, for example, 1^ and 17). - The '■
•f. ■

important variables for the micro-climate (C^|_ in equation 11 - 6). 

relate to both meteorological and plant conditions. A list pf the
. . . . . -. . . 3 . ' - ’ ' ■

A-

-.

<pt r
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variables would include at least the following

(1) Meteorological: Radiation or sunshine hours
-Mean air'temperature 
Mean temperature of dew point 
Mean run of wind ,
Rainfalli

Depth of tea. root zone 
Water content at field capacity 
Water-content at wilting point

We are interested in two dimensions of the micto-climate: ■

(2) Plant/Soil:

the inter-farm variability (C^,)and the inter-year variability (C.^) . 

' Inter-farm differences in climate, as with soil, are likely to in-

Climatic conditions on
!

crease with the size of the sample area, 

neighbouring farms are likely to be nearly identical since each farm 

is only about ten acres in size. A given tea buying centre, will' 

have tea delivered to it from farms within a radius of about one_ ^ 

mfle and here again, but for a 

conditions can be consideredx to be uniform. The size of area which
■ r

for our purposes, be coiisirdefed to be homogeneous regarding

• <
minor exception noted below, climatic

can,

land and climate will be the subject of. later statistical analysis.

The data demands for Intertemporal climatic changes are, as'

Were the data available itthe above list indicates, considerable.

would be possible to calculate a water deficit for each month and 

hence some annual index of .climatic influences. However,: as is so 

• often the case, the only'variable on which information is readily

Wiile rainfall is obviously important, the 

.tea areas of Kenya generally receive rainfall every month and it is 

the rahe year, (e,.g. 1967) when moisture is a limiting factor (see 

12,p,390). ,

■ available is rainfall.

s

. ■ >--i-
X J/

17
For details see (17).
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Some of the tea growing areas of Kenya face an additional 

problem which impinges on both dimensions, of, the-micro-climate^'-The

problem is that of hail damage (14). Hail storm_s tend to be so 

highly localised as to affect individual farms rather than groups of 

farms. The width of a hail storm may be only a couple of hundred ' 

yards across and its path random. A severe hail storm will rip off 

most of the leaves from the bushes and has the same effect on immed-^_

•A • '

iate production as pruning.but, unlike pruning, gives’no long run 

benefits. It may take three months^for the plants to recover, 

introduces some very genuine exogenous "noise" into the data’ set.,

Hail

The rogue^ elephant which caused similar damage in days of old was

.usually shot.Rocket technology has introduced a similar approach

.to solving the hail problem'. (see £) .

It is possible that the distance ,that a given fartaer has to

carry his produce to the, market migKT; be a limiting factor on output.
' !

That is to say this traniportTation factor (D.) might impose 

mum quantity, that the farmer is able or willing to carry. It is with 

this consideration in mind that the KTDA-has tried to keep growers 

within a mile of a buying c_eotre. Given this type of grouping, the

a maxi-

problem of transporting leaf from the garden to the centres is not 

likely to be serious.

We turn, finally, to the managerial input ^^{.-1’

) ; both in the current year ,and previoti’s years. ^'Jhile manage­

ment is of importance throughout the life of the plant, it is the, 

careful nurture of the young tea plant that is particularly critical 

and justifies our describi^ the, multiperiod product ion function as

There are,- however, many'

it-5

ws.

f .

point-input - multip^int-ou^ut prtfcess.a
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phases in the cultivation of tea during which it is possible for the 

smallholder not to achieve technical efficiency. The potential for, 

inefficiency starts in the pre-planting phase and'continues right

through the plucking phase. Thus it is possible for a good farmer 

bad practices at any stage in the life of the plant, with

The converse is, however, more
to turn to

a resultant adverse effect on yield.

It is more usual for less efficient farmers to'try to raise 

their level of management. The problem here is that poor planting

likely.

and pruning practices in the early years affectithe frame and for-

It is there-manner that cannot be reversed.mation of the bush in a
■)

fore reasonable to consider there to be a single management variable

Hence, in the next" on each farm that does not change over time, 

chapter, we s'h'lll consider as a management variable and exclude 

,tKe time subscripts shown in equation (II - 6).
I - 4

responsibility for inef^niency is. placed on the managerial abilities 

of the farmer. The probleijjith placing so much weight on this fac­

tor is that, unlike the other inputs, "... there is no generSTlyX
i ^ ■

accepted cardinal measure of entrepreneurship".

it is a non-observable, non-measurable input, inanagement is judged

by the degree of efficiency

Thus the ultimate -t,-

"Since(16,p.5)

by the results of its decisions, i.e, 

achieved in production"?' (15,p..8)

Summary 4
<0

This chapter has been concerned xjith 'a discussion of the 

of the production function for smallholder tea from both 

theoretical and practical points of view. The theoretical impli- 

cations of the poly-periodic production process were examined and .

nature

r
reasons were advanced as to why ^t is likely that theire will be a
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scatter of input and output data points for these fanners. The - 

practical importance of a set of six production variables was then ■ 

discussed in detail.

. The,.next chapter will discuss the specification of a sta­

tistical production function that is consistent with the hypotheses 

that have been advanced‘'.as -to the nature of the production process, 

For_this specification to be correct, the variables that haver been 

discussed must be included, if not explicitly,- -then, at least, 

implicitly.

■ •■-v..

■

J
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CHAPTER III.

THE PRODUCTION FUNCTION II

t ■

1. The Data Set

From its inception, the, Kenya Tea Development Authority has 

kept individual records for all smallholder tea farms. These records 

include planting data for each year, output data for each month and 

the debt standing of each grower.,^ The data for this study were

assembled in 1966 at which time'there were more than 20,000 regis­

tered smallholder tea growers - each with his individual records 

being maintained by the Authority.^ 

of the country.^

Tea is grown in twelve Districts 

In each District, there are one or more "factory 

areas" - the local unit of control of the Authority - where, detailed ,
r

f.-

■ accounts of weekly tea deliveries by growers and monthly payments to

growers are kept. This is also, the operating unit of KTDA' extension 

^service, which has rece'ntly started to keep records on the cultural 

' standards of individual farmers. Three of the Districts dominate

the industry: ‘in the first two "Plans", Kericho, Kiambu and Kisii 

Districts were to plant 10,350 acres out of the total of 25,500 acres. 

In addition, the amount of suitable tea land in these Districts was 

^estimated by Brown (1) to be 714,000 acres, or half the ‘total

^By U969 there were close to 40,000 growers.i

' The national administrative-units are, in decreasing 
order of size: the Provinces (of which there are seven). 
Districts, Divisions, Locations and Sub-locations.

-47-

/iy ‘ *



-48- .
O -

potential acreage in the non-scheduled areas.^ Kericho and Kisii ■ 

are "West of the Rift Valley" and are located in the Rift Valley 

and Nyanza^^rovinces respectively. Kiambu is "East of the Rift" in 

Central Pfpvince. (The Districts.are shown on the map on page 14.)

During the period June 1965 to July 1966, the author, with 

a team of eight enumerators supervised by two senior enumerators, 

undertook the collection of detailed input and output data from a 

sample of 96 farms in these Districts. A two stage’ random sampling 

procedure was adopted^- As a first step, all the Tea Buying Centres"
r,

in each District were grouped into clusters so'^that each cluster
■ i

contained 60 to 150 farms. Two clusters were randomly picked in 

^oth* Kericho and Kisii and four in Kiambu. The breakdown of the 

sample by stages from the^District,’ through the Divisional level, to 

r the-local market places is shoTO in Table 5. The tea buying centres , 

were generally located at or near the market places (but see, footnote 

to Table 5). ' ‘ ,

A

)

Following an intensive public relations effort with the

elected growers-re'presentatives on .the District ab^^ivisional Tea ■

Committees, twelve farms were randomly selected at public barazas
s.

.(Swahili - public meeting), in each of the sample areas. These 

farms were visited twice weekly for the period of one year in order 

to collect data on all inputs (particularly labour) and output 

(particula^iy sales).

The phrase "non-scheduled" was the legal term used in 
Kenya for those areas not’ scheduled for"European settlement, 
i.e. areas of African farming. The phrase is' s^till used for 
descriptive purposes.-

V
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Thus the data set coiisists. of two parts: the first is 

composed of the planting and output tecords of the farmers in the' 

pfimary sample for the period 1959 'to 1966. This provides a cross- 

section, time-series data matrix of 874 farms and five years. The 

second part consists of the detailed records of 96 farms. The first 

stage sample will be used for the major portion of the analysis in 

this study. Use will be made of the labour.input data from 48 of 

the 96 farms to check on certain of the hypotheses regarding labour 

inputs'noted in the previous chapter.

X

Statistical and Economic Specification2.

Of the six types of variables listed in Equation (II - 6) and 

.discussed ,ih*t:i7apter II, it was- suggested that the number of bushes 

and the age of those bushes was the most important vector of vari-

It was fu^i^ier suggested that vintages of 

tea bush'e§=*do not interact with one another, so that their contri-,

Taking'merely these "mechanics of

ables in the input set.
)

bul;i^s to output are additive.O

i
e.

' into account and assuming for the moment that the other ' 

can write the production function:

p£trdu(
i

variables are redundant,, we
J

7i

. (Ill - 1) ■;

■ Qit " ^it

where

k=3
.i

is the output of green leaf from farm i- in 
year t (i = 1,...,’N and t = 1

i

is the number of stumps of age k on farm i •
'in year t (k = 3,... , 7)

r -j.-

is the yield of green tea for stumps k years old- 

is the intercept 

-is the stochastic error .term

,T),...

•t,;

'\it
9

5-

■ ^k
V

<

%.' .>
f

"it
V
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"In order to use the least squares estimator to estimate-the 

coefficients of this equation, it is assumed that the error terms ' 

are normally distributed with constant variance and zero covariance 

both between farms and between years on a given farm.’ Independence
X

between the regressors and^the error terms is also assumed. ’This 

last assumption, however, is doubtful.■ B.
There, are ample reasons for ,

O'

expecting inputs to be measured with error. The planting 'data refer 

specifically to the recorded sales of tea stumps by the KTDA to'the

farmers -.not to.the number of stumps actually growing in the field. 

Thus no account is taken of divergences between' recorded sales and

actual sales, of the mortality of the stumps, or of illegal-plantings.

The purely accounting error is likely to be random and very mi^r.
i>3f* . ' '

but there is undoubtedly a mortality error in the data, tending, to

Furtharraqre, contrary .to intuitive

expectation, to the extent that illegal planting has' taken place
» • - *■

(usually with stumps stolen from the large tea estates), the estima

bias the estimates downwards.

co-efficients will again be biased downward. (£, 'p.,148-150). In

practice, this last error is the only one of real significance since 

the coefficients can., be interpreted as being recorded stumprpurdhases 

rather than for actual healthy plants. For our purposes then, the

least-squares estimator is appropriate, although it would not be 

valid as a technique for obtaining^unbiased estimates of the strictly 

biological parameters , (^),

The second input category discussed in Chapter II was labour ' 

in equation II - 6). Tea growing is a labour intensive, occu­

pation but during the.first couple of years it is the adherence to 

the Complex set of recommended^glanting and _pruning_jiractices that is
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crucial rather than the time spent with each bush. Hence, it is 

hypothesised, the absence -from the data set of detailed information- 

thellabour input,in planting and pruning young tea bushes is not 

a serious 'disadvantage provided a management variable can be intro­

duced into the equation that is to be estimated. Furthermore, the 

labour input,in plucking was hypothesised to be jointly determined, 

with output, by the other inputs. This hypothesis, is tested in - 

Chapter VII. In the meantime it is an assumption that conveniently 

allows us to ignore labour inputs.

The omission of this variable means that, where it is not

-on

I

perfectly complementary with included inputs, its effects‘will be

There is no
■

included in the error term (&.' ) in equation (III - 1).
It

to believe that this will invalidate our least squaresreason

.assumptions.

(C^ and S^) were 

The difference in the physical environment

- - Cli-mafeic&nd soil di

thought to be important.

tendsto be greater the larger the area in which the farms are located."

therefore be minimised by dividing theMicro-climatic differe^^^ 

data set into areas that can be considered homogeneous.

can

The Tea- »
Buying Centres (or clusters) are convenient 4or this purpose since

^e radius within which farms are located is only .about one mile.
‘a

Such a grouping may be top cautious since all these buying centres 

located in. the "Kikuyu-grass" ecological zone, are betwefen 6,000'

in elevation, and have "an annual rainfall of between 1,300 . 

and 2,000 millimetres' (say, 50 to 70 inches).

Kiambu has a more distinct bimodal rainfall patternj

jr

are
s

.4
and 7,000

There are differences

however.

cloudy, misty conditions tend^'to^^p^sist* into the ,late,mornings

s
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(incidentally, this makes tea plucking a rather wet and cold job);

'and, finally, unlike Keric^o but .like Kisii, many of the farms are

on steep slopes. ' The climatic differences are illustrated in. .

Figures 4 and S-s;"

Whether the' division of the data set into these sub-gfoiips'

" ' is valid can be tested by examining the estimated coefficients. For

example, the hypothesis that individual Divisions within Kiambu 

District are ecologically homogeneous can be tested by comparing the 

yield and year effect coefficients of samples drawn from within each 

Division. The following procedure is adapted from that set out by
*

Johnston (^, pp.136-139) and Chow (^) .

Write the matrix equations

\ . = ^2 ®2 h ^2

j^fere subscripts 1 and 2 are the first and second samples from a 

Division. Let Xj^ and be the matrices from equation 1)

augmented by the inclusion of a dummy variable for each year included

in the time series, while and are matrices of farm effect dummy
-4 '

variables". Then is of order x + T^^ and X^ is x + T^,
*

is X N^'^’and Z2^ is of x where' N is the number of farms';

°^M is the number of cases (i.e. the total number of observations);
■" 4

K is the number of yield variables and' T the number of year variables.

n'.

9

- <

V.
*.

(fll -"Z)'t u:
1

(III - V+ u
2

■ii

• &

O

The dummy variables for year effect and farm effect 
variables are discussed beloi^ It will be observed- that the procedu 
adopted here is' to partition'n larger data matrix in each area (call 
it Wj^. in area 1) into two matrices (i.e. X^ and '2^^) to make it clear^
that we are only testing the‘nu^ hypothesis regarding a subset _
(i.e. K.. + T^) of the full set of variables 4p*S-
See Goldberger (3)' pp. 174-175". -

..V-.
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-
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Fig. 4. Long-Run Average Monthly Rainfall 

A. KIAMBU .
Lari Forest Station, 60 years (1906-1967)
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Figure 5 Daily Pattern of Sunshine for One Year
*at Limuru (A)^ and Kericho (B)
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*
From (11, p.391)

Limuru is contiguous to Kiambu and their tea growing areas, 
to which this data refers, have similar climates.
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In this If we set up' the' hypothesisprobiem = ^2 and = T2. 

that ’ = 62 “ S j the'model becomes:'

z' \
1 I

(III - 4)6 + +=

Y„
f < viyV. "zy \ 2/

^ Take the 'sum of squared residuals in (III - 2) and (III - 3)^;

i,

and add them; call this'Q2. Then take the^sum of squared residuals 

in equation (III - 4) and_call this Q Now use the F ratio;I'

1 (Qi - ^2^"/
^ (Ml + (M2 - V - 2(K + T) ■

with K ■+ T and (M

(III - 5)

"•(»2- V "
_~We would rejectothe hypothesis that any two areal^, be they locations, , 

Divisions' or Districts, are ecologically homogeneous if E > F^, 

where 1 - a is the desired confidence level. '

It is necessai^y next to take account of inter-year differen- 

> ces in climate. In all areas there were substantial differences in

2(K + T) degrees of freedom.
1

t

-. t,

the rainfall over the period of study (1961/62 to 1965/66), as is 

shown in Table 6. , ■

It was noted in the previous chapter that;there, are many more - 

parameters to a'moisture bal'ance equation than mere rainfall. The 

information is not.available to construct the necessary index for, the 

explicit inclusion nf weather. The variable'can, however, be included 

in an implicit fashion by use of a dummy variable..to take account of

i-
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Table - Annual Rainfall in Kericho, Kiamb^ and Kisii

1961-1966* (tnm)

^ 1
Kisii^Kericho'’Period^ Kiambu^^ ;

y 2^226.8.

2.609.3 

1,969.2

1.545.4 
3,780.4®-

2,010.7 2,118.81961/62

1962/63 - 2,103.01,800.5'

1,723.7

•=s,

1,867.91963/64 'A-

.7 ...

1,153.11964/65 1,177.7

1,787.2,, 1965/66 1,647.5

Long terra 
Average ■ 1,800.61,"4L4.91„548.2

t

K

*Private communication from the East African Meteorological 
Department.

The annual figures refer to the period May through April 
since this is probably the relevant period for the KTDA 
July-June finan.cial. year to which all tea production 

'figures referi"

' a

,>•

• hLiteiii Mission. Long-Run average is based on 27 years 
(1936-1967). ■ ■ , . . ■

®Lari Forest"Station:. 10 years (1954-1967)',

‘'Kisii District Office: 36'years (1931-1967). The series for
Kibirigo Trading Centre (used in: Figure 1) was, unfortunately,..,- :
incomplete.

' &

e Cs

This figure.has Heen checked. It is not representative of the 
" Distric.t. (Onfe wonders who was pouring what into the ra^gaugell)

r'
- ^
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' . the total "year effect"; Consequently, we have the function: . ’

«it = (III - 6)
oot

is.the year effect coefficient for year t’.- 

It must be recognised, however, that weather phenomena need 

, ’ not be the most significant influence on the year effect. Changes in

cultural practices could equally well be"included in the 6 

the newness of the crop, it would be reasonable to "e^^pect some learn­

ing t)rocess to be taking place - both because of-the efforts of the 

agricultural extension personnel and through "learning by doing".

In the period after the datajfor this study were- collected, there 
■ ■ ■ “V'

have been three distinct changes in cultural practices or technology.

The first relates- to;tlie practice of "pegging"

young bushes to improve their lateral spread whicTi started in the 

1966 planting season. Secondly, in some districts there is, limited 

planting taking place in the short raitrar-(October-November) .' Finally, 

.up to the 1968 planting season all the planting material had come 

from seed and could reasonably be considered to be homogeneous from 

one year to the next. However, by the 1970 planting .season, it is,

■ expected that all planting material'will be in the’ form of Vegeta-^. .

tivelyPropagated stumps from specially selected, high-yielding, 
clones.^

where 6
oot

■>

Givea ■
oot;

out the branches of

1

■>

c

5 . . " ^ »
Th'ere are distinct advantages to the KTDA infusing the.^

model developed in this study in order to check on the impact • 
that improved cultural practic,es or improved planting materials 
have on yields.

fV
I

V.

I
i
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If there ^re substantial increases in yields eachT’year 'then ” 

the model is incorrectly specified. Whether .the inclusion of- the 

year effect provides the correct model is the subject of statistical 

test in the next chapter.

' 'The importance of management in smallholder tea operations 

has been-consistently stressed. Consequently itiS exclusion from the 

function involves misspecification and the introduction of "management
• *•

bias". The problem of management bias (^, 9^, 10,• 11) arises if both

inputs and output are functionally related to a farmer's managerial

ability. If there exists a positive relation between inputs-and

managerial ability (the usual case in agriculture) then the coeffic-
6

ients of included variables will be biased upward and vice versa.

The classic illustration of the 'effect of management bias is shown . 

in Figure 6. Given a series of observations on two farms, the one

It is easy to hypothesise the .positive relationship in many 
agricultural situations but it is rare that ex ante evidence, is forth­
coming on this.' In general, complete reliance is p^laced on the sta- 

, , 'tistical tests of Che significance of including the farm effect var­
iables. In the case of smallholder-tea in Kenya, tliere is on.^set of 
ex ante data which tends to' Confirm the hypothesis. ' •

Acreage and Incomes of Progressive and Neighbourhood Farmers 
Growing Tea in East Kitutu Divisi.on, Kisii District*

jc
Income Income

. per acre 
(Shillings)

Category Acreage

-

Progressive Farmers (1) . 1.22*
Neighbourhood Farmers (2)

Ratio (l)/(2)

968.1 794
618.1 ' 745
1;57 .1.0?

.81
1.47

^ - - ■ ... ., ,

From the field, rfotes of Victor C. Uchendu an^ Kenneth R.M. Anthony, 
gathered for the Rood Research Instit-qte's study: Economic, 
Cultural and Technical Determinants of Agricultural Change
in Tropical Africa. ■ \

<5
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Figure; 6 - -The Effect of Management Bias
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. good ihanagMen^' t^fe^other rath'poor;' and ,given-rtat-the good-

farmer uses_more inputs, then, in the absence of this information, • 

the pooled function would, be f rather than the two separate, 

functions fj^ and f^ which do discriminate‘'between classes of manage- 

iJentl

■’V.

1-

I

1 -

If one. has data oij a cross section of farms, the series of- 

observations needed on any given farm (or class of farms) for the • 

estimation of both the farm effect and the production functions can 

be either on time series•(S, 1^) or on separate enterprises in the 

, multiproduct farm (^). The statistical technique for the estimation 

procedure is that of analysis of covariance or, which is 

exactly equivalent, tfie inclusion of a separate dummy variable for 

each farm. The case for the least squares estimator becomes strong- 

er' in an analysis df covariance framework since farm effect and 

time effect can be hypothesised to take up iqnch of the disturbarice

A

transmitted by errors in input'measurement - such as that encount-

ered with illegal planting (see 13). The production function is now

written as";
■V-

a

.. ^ Qi; (III - 7)= - B.-’+'B., + B " ^6k \it " ^itooto 01

where B^^ is the farm effect coefficient of jEarm i. Given that'" ■ 

the statistical tests confirm .the fmportance of the farm effect 

coefficients,^^en an index of managerial ability can be constructed. . 

One possible index would be:e -V b

" ^oi
(III - 8)M. = X 100

OjI
^oi t-\

- where B^^^ is the 'farmer with the farm effect..
»

•A
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it is- obvious that the farm effect
• ' .-.; ; . . ' s ■ ■ . - . ■ ,

can take under its wing more than purely management factors - in ' ‘ 

particular, micro differences in ecology • (soils and climate) and ' 

such features as the distante of the farm from the-buying centre,

. and the existence on particular farms of illegally planted bushes. '

' ' - • *
If one had secondary data on factors likely to affect management then 

they should be regressed on the index to obtain a weighting system 

for a new index of management which can be inserted as a new vari­

able in the produc^bn function. The remain in the function as 

a means of correcting for the physical environment.^ This procedure 

is not, adopted in this study but indices of management are examined

in detail in Chapter VI.
' / ■- ■ ■'1' . - .

, The model that has been presented in equation (III - 7) .might

be formally correct in its inclusion of fajrm'effect and year effect 

variables but it is missp$cified in its economic logic. It should be

w •

■y j

recalled that the classic discussions of management bias by Mundlak 

(12), Hoch (^) and Massell (£) are all concerned with the Cobb- 

..Douglas production function which is linear in the logarithms. For 

example: .

+ Z + e.^

as: .

(Ill - 9)= a + a . + a
O -T'Ol"^if-

.which is written in natural numbers
Q. = A A . A _
^it o 01 oot

oot
t ■

a’.

(HI - 10)n X j ^itjit
.j

.This iterative procedure is that adopted by Timmer (14, 
pp.60-61) where he considered each of 48 states of the United States ;■ 
as a separate farm firm. It would be expected that the bias intro­
duced into the- original management index by the differences in the 
physical environment between-States" would, be relatively more’.extreme 
than Between the almost contiguous farms of this study.

vV

\ .

<5
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ovefallT-ntSTcept•where =:
%*•

;■

■= firm intercept and^oi

= time intercept

r ■

' The:assumption made in such a model is that the elasticity of 

output with respect to input il (oj) is constant across firms. Manage 

ment only enters the function in the form of the firm intercept

In equation (III- 10) this intercept (as with the time intercept)

the production/function. The •has a neutral multiplicative effect on 

larger the inputs the greater the impact on total output that a .good

That is to(or bad) manager (or agricultural season) will have.

- - • management pivots the production function in a perfectly neutral 

manner. \^hile one-can argue with'the assumption of constancy of • 

the manner in which the management and year effects

say, f\

<? 8
.elasticity.

enter is certainly a great deal, more satisfactory than in equation

purely^I’d^itive and' unrelated to 

Thus, since equation (l-II - 7) is- linear in

(III - 7) where these effects are 

the size of the inputs, 

natural numbers, a good farmer’with a high merely has this

amount added to the output which is explained by his stock of trees

The amount added is quite independent 

As- an extreme' case, the equation
■ _and the yield parameters

of the amount of tea planted (Xj^).

'As does dimmer (1^) p.37-38, where he discusses a reform- 
lilati^g with variable elasticities: .

8

6

■ - a.. +„a ,

= A A . n X.^
o oi 31 ;9i ^i

A

.Tf-

V

■
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output tea" (if- r:+

without any tea bushes. This is patently nonsensical. The problem 

arises because of .the linear'nature of the production process. Howe,, 

ever, the model must be reformulated to allow for the multiplicative 

'effect of management.

Rewriting equation (ill - 7) in terms- of yield as the 

dependent variable, instead of output, gives:

states..fhaLfarma canlachreye iome

1Qit
+ r 6,- p, + u.^ (Ill - 11) 

oot k krt Iti, = 6:; - b:■ = Y
7 oi

where is the total yield achieved by farm i in year t

•6'- and .g' feir-re the farm and year effects respectively 
ox -oot _ , . , ................. ........... 'I

is the proportion of total stumps in any age group k
1

6' is the "ratio coefficient" and shows the contribution
K ' ^

to total yield derived from the^^portion of stumps age k 

is the stochastic error term.“it

To obtain the equivalent yield coefficients of equation

(III - 7) multiply through in .(III - 11) by the denominator on the 

left hand side. Then, ignoring the year effect coefficient and error 

term for convenience, we get: -

5

9 -' ' . ■ ■

The ove'rall^ intercept is omitted from this apd subsequent
equations for convenience, and.because it has to be omitted in the 

- estimation procedure to avoid a singular moment matrix.

t»

f-

I

''43:
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7 7

k=3 k=4 •■ • - -
■ (lU - 12)

7

= , " 'P Ait
k=3

»»»'
7

^ ®ki \it (III - 13) V
k=3

Let us be clear as to the meaning of these alternative form­

ulations of the impact of the farm (and year) effect. Referring to 

the unit of the dependent variable, the farm effect in equation 

,(III - 7) shifts output by the amount of the farm effect intercept;

thereVis. no impact'“jLli terms of yield although a yield change is

necessarily implied. Equation (III'-^11) shifts yield by the amount 

of the farm effect intercept and, as is shown in (III -13), has a 

multiplicative effect on output.

Comparison of the two models also raises the statistical ' 

question of the manner in which the error term enters the equations. •

A basic assumption" of the least, squares estimator is .that the error 

variance is constant over the range of the observations. With com-
a- ^

bined time-series and cross-section data, this assumption is often

the farmers are expanding 

their tea gardens rapidly over the five year period!* It might be 

.reasonable to assume that the smaller tea gardens are subject to 

smaller absolute shocks than the. larger gardens. This leads to the
* • ' -Sf - .

i? < • "

conclusion that heteros.cedasticity of the residuals would be more
, ' • . . .

likely in equation ■ (III t 7). than equation (III - 10). (if this is

• i

^ open to- question. In the present, case,



c
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■ the case then the regression on the deflated variables of (III - 10.)

.*
gives the more•efficient unbiased regression estimate (see ^;pp.4G6-

It is questionable whether even this improved formulation is 

1 correct since it is unlikely tha.t better management on farm i will
.4 ’

add pounds of- green leaf to the output of three year old tea 

and acid the same poundage to older tea.

ft

It would be more reason­

able. to expect a multiplicative effect on yields, not merely on 

output. Given the additive nature of the ougput of bushes of diff­

ering ages, the fully multiplicative farm effect can be introduced 

as follows:.

..V .- sfef W
■

(III - 14)I- Eit
f

where the notation is perfectly consistent with previous models . 

and 6 is a multip licative management ^|ect. (The year effect is

omitted merely for convenience of exposition).
■ ■

The difference between equations (III - 1(3). and (III - 14) 

is made clearer in Figures 7 and 8. Three different- levels of 

management are shown in. each Figure (curves a,b,c and a', b', c") 

illustrating the different impact on the production function of the 

alternative specifications of management effect'.

Call curves b and b' average yield curves;' then note that 

in Figure 7 the good farmer, represented by curve "a", raises the 

yield curve by the same absolute amount (and hence declining 

■ - relativeoamount)^ over curve b whether or not the bush is mature.

I

a

9 ■

V This Figure por,trays the effect of the. management effect coefficients\

^ ■ A .
•
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Figure 7 - - Management Effect Affecting Yields Additively

f -

Yield of Tea 
per Bush

i;.

<1

Age of Bush (years)3 < k

-Figure 8 Management Effect Affecting .Yields Multiplicatively
■<1.

Y

Yield of Tea 
per Bush =i'

i*

3 Age of Bush (years) k
<•, , ^
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in equation (III - 10) which are addititive in terms of yieldsT - ' 

In Figure 8’the curve a',raises the yield over the 'average' 

: ■ curve b" by an increasing absolute amount (but a constant relative

amount”) as the bush increases in maturity (k>3).

shows the multiplicative effect, on yields of the management coeffi­

cients in equation (III - 14).

pivoted by the management ef f,ect, here is similar to its impact in 

the logarithmically linear function of equation (III- 8).

-Equation (III - 14) prejjents major problems of statistical

This situation

The manner in which the curves are

estimation since it cannot be written as linear in the parameters

without using an iterative estimation technique..'*’-

*
can be adopted, but the 6^^ and

Their product', however, can be.

Such a technique 

coefficients cannot be uniquely

Consider the following ,.

1

determined.

procedure:

■ Ci <' \it>■-4Let- (III - 15)

be our starting point where-3° i-s- any initial vector of yield « 

coefficients (say from equation H).

Y° ’
=. /it

€S

' Let
fir

-i.

^it

and . .. . (Ill - 16)

t , •

^ alternative could be to use a Taylor's expansion of the 
independent variables to approximate Log (lecX. . ). Given the slow 
convergence of the linear appr0ximation,'''^sucK an’'approach creates 

. -more problems than it solves.

r■/

•• dfi?
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.''Then‘''we "can eStiniate'the ‘farm effect ;coefficients^^^(^^^ '

asterisk omitted for convenience) using the equation:

??

•I-.

1
,(111-17)= hi .

where the duniny'variables are given explicitly by an identity matrix 

■ D^. This provides us v/ith the first round vector of farm effect 

coefficients 3^^^

«

1

This vector is now used to deflate output

1- Qit _ (III - 18)
^ \tT

3oi-
ft-.

<&
and a new vec^tor of yield coefficients is estimated by OLS .

!
A 1 I
it ■ k k

(III - 19). R.

• 1 1
I Wit ^ ^itbut Cc*

0

I

We can now move back to equation (III - 16) and repeat the 

procedure with all the superscripts increasing by one. This iter­

ative procedure can be continued until some predetermined set of 

^ critetia are fulfilleci^. For example, on the assumption that the

product,of the management and yield coefficients-actually converges, 
.*** •

\then'*e can stop the' iterations when the difference between two 

rouiMs is less than some arbitrary value of epsilon.'

T

^ -

r

•:

V
‘i

r
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Thus, given • 
■ 11N-;

r-1 r.-l
'■ -ek'.^o. (Ill - 20)test

for all k ‘ (k = 1,

There are both practical and theoretical difficulties with 

this model. In the first place, a computer programme that allows 

this iterative regression analysis to be undertaken within the 

computer itself has to be specially written for the problem. Alter­

natively, the time-consuming method of having the output of each •

successive reg^^^ssion-fed onto disk storage prior to calculating the
r r ' 12

deflated dependent variables (T£|. and tan be adopted^.

technique has the advantage of using a standard regression pro­

gramme and uses the computer to calculate the deflated variables 

and make the test at each iteration. However, it is rather slow and 

. consequently expensive.- . Secondly,“the statistical properties of the 
, ^ model are unclear since the separate estimates of .^^and are not 

consistent from one iteration to the next although their product is 

consistent.'

V ■ ■o

This'
«■

5-

A.

* ^ Because of. the difficulties of operating with the model based 

on equation (III - 14), most of the empirical results will refer to

11
ambitious to test for each farmunnecessarily 

hence the use of the mean farm effect.
It seeme 

effect separately;
> •

•1 •

12 tThis procedure was, in fact, used in a te_st _ca.se and th'h 
results are given in the next chapter.

- - 1
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V /

the models in which yield is the dependent variable 

form the basis of the next three chapters.

These results

1 %

\ i

i.

%

1'.
'A- 1

J

'9) \

>

%•*
3
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CHAPTER IV > -

■ THE EMPIRICAL RESULTS

V. 1. Summary of the Models -

The exposition of the empirical results will be facilitated 

by summarizing and naming the models discussed in the previous 

chapter. ■ ,

Models with ADDITIVE year and farm effer.ts-(a)

7
. Model I Qit ■ = 3 + 3 . + 3

O . 01 I
+ E 
, k=3.

^Ait tT+ e itoot

‘^it = * e„i " J3^\itModel II + e it
0 •

r .

(b) > Models with MULTIPLICATIVE year and farm effects

Model III . Qit 7.

it = 3:. + 3r..+s Y ^Ait + u7 itoot01
k=4l\it

k=3
T

7M. ^
=- e:.. +- Model IV Y. .+ u

it ■It 01
k=4

7
.. ■ '<«r ■■ ■

■ 'eModel V - Q'^it

Notation - '■

i-s—the output of green leaf from farm i in year t 

is the number of stumps of age k oh farm i in year t

. Q
It

\it
. ?•

-74-
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is the yield coefficient of stunts of age k years, 
that is, it gives the number of ^pounds of green tea 
obtained from a "stump k years old. fk = 3 to f)

is an overall i^ntercept ■

ft

and are the "^farm effects" for their respective models

are the "year effects" for their respective 
models ' - ■

Pk
t

^o

6oi

and B'Boot oot

= „ is the proportion of total stumps in any 
kit group k. (k = 4 to 7 0

\itV.,

&
r Qit

is the yield achieved by farm i in year t.. ^it = J\it
A

is the contribution to the overall yield derived from 
the proportion of stumpy’of age-k. (k = 4 to 7.)

• ‘ . ■ ' ‘ '

and ui|_ are the error-terms for their respective models. ^

^k

i

S •
It should be noted that tlTfe only difference betweeh'Models I

and II is the intlusion and exclusion of the yedr effect variables.

There is the same distinction between Models III and IV. It has been

shown that the Additive models represent an incorrect specification

of the production function. Consequently, only the results obtained

• from the Multiplicative models are presented-in the body of this study.

llowevSr, results for the Additive models are given in Appendix II.

\ The statistical analysis of these models -is composed of two

sections. The first, in this chapter, is concerned with the esti-

mation of the parameters of the models by*means of ordinary least 
' . • .. .. 

squares. .'^The validity of the models.-is tested for each area and 'the

year effects are examined.

e

'i
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The second section, in Chapter V, is concerned with using the 

models to derive yield coefficients and to predict^output, 

dual objectives,the data matrix for .each area was divided into two • 

Randomly selected subsamples of one third of the farms were

the remaining two thirds of the

Given the

parts.

used in the estimation process; 

data were kept to test the predictive powers of the models.
>4

2. Tests for Pooling Sample Areas

Ecological differences between areas are important iff- their
V

effect on- tea yields. Such differences between farms can be mini­

mised by drawing samples from small geographical areas.
it

c^entres provide convenient groupings since it is a reasonable assump- 

-fcrgn that all farms within a one -mile radius of- a buyirig centre have 

the same ecology or micro-climate. However, siich groupings may be 

unnecessarily restrictive. In many instances whole administrative 

Divisions may be ecologically homogeneous. . "

r ■ This hypothesis is tested in the two Divisions, of Kiambu

Tea buying

District for each of which there are two samples - Githunguri and 

The regressions were run on each sample and then on theGatundu.

X

pooled samples at both the Divisional and District level. The stat­

istical test given in the last chapter was conclusive. .The.results 

are presented in Table 7. .^The hypothesis that each Division is homo­

geneous was accepted-at the 90 per cent level.^ The hypothesis that
«*»’

^ The 90 per cent confidence level was selected since this 
decreases the Type II error. Given the fact that the test for homo­
geneity is F < if the hypothesis is accepted with =-= .10 i-t 
will certainly be accepted with “ =-0.01 ’since F < F .01-'..10

;
■a.\

*
t
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Results of F-Tests of the Hypothesis of Homogeneity 
within Divisions Kiambu District * .

Table 7

Tea Buying
Centre Division

Degreeai^of; 
Freedom F Ratio® F • Hypothesis

• OMO .

Kagaa
1.78'< 1.99 YesGithunguri 4,119

Gitiha

Mundoro
T.217 < 1.96 Yes4,182Gatundu

Mataara

Githunguri

Gatundu
No u. '7.26 > 1.944,3Q9

* The. tests are on'Model-IV which is appropriate for these areas 
(see Table 8). '

® The F -Ratio used is F =
(Q^ - Q2)/K

where' ‘
Q2/{'(M^. - N^) + ■(M2 - N2) - 2K}.

with the

•i-

, = e'e in the pooled data set; Q2 = e£e^ + e'e^

subscripts indicating the two samples. N is- the number of farms;
.. M the, number of obsefvatioris (in areas 1 and 2) and K is the number 

Of output coefficients. "Since this test is conducted using Model IV 
the degrees of freedom differ from those given in the theoretical 
discussion in Chapter III. There the year effect variables are also 
included -with the yield variables in testing the. hypothesis of" 
ecological homogeneity. .

* A'
ts

•J.
•r
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the Divisions together, could be considered to'be-homogeneous was 

rejected.’ Following this outcome dll the statistical results are 

given.at the .Divisional level.
V

Tests of Significance' of Covariance Models3.

Model III is completely specified in the sense that, in 

addition to the farm effect variables, it includes year effect 

variables. It needs to be shown that this is the correct specifi­

cation for any particular area - in other words, that all the5%
■J.l

variables are necessary. In Table 8„F-tests are used to compare a 

model with neither farm nor' year effect variables to Model IV, and " 

■again to compare Models IIT and IV. The hypothesis that the models 

, including more variables represent significant improvements over' 

those excluding these variables would be accepted if F > F^. The 

hypothesis that the farm effect variables^hould be included in the 

model is accepted for all areas at the 99 per cent level of confi- 

’dence. The hypothesis that, in addition, the year effect variables

should be included, "is rejected only in Kiambu District. In the
• ■ ’ ^ Z

'Other areas it is accepted at the 99 per cent level.

On the strength-of these results Tables 9 and 10'present

only the results of estimating the coefficients of the relevant

modeis for each area - that is. Model III for Kericho/Kisii and

Model IV for Kiambui In these tables the "Ratio Coefficients" (3^

represent the contfibution to- totaj yield obtained from the pro-

portion of total plantings in a given age grpup.■ Necessarily, in

*.

. j.'.

4

•:

2 ,
. In Nyami'ra the acceptance is at a level a shade below

99 per cent.’ V
■/

I

' '
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a ’

\
Table 9 - Ratio Coefficients and Mean;Farm Effect

Coefficient of Model IV! Kiaabu. District*
t.'

Specified tea buying^centges
■ •

.Coefficient Githunguri Division Gattindu; Division -It^

Year of 
Maturity ARatio’Coefficients

4 . 0.2135 
(5‘.7534)

er o.nbi
(8.7123)4

5 0.4087
(8.6515)

0.4273. 
(11.7767) ■5

6 ' b; 0..5580
(8.7047)

0.7178 
(14.5275) ' ,6

^7 1.0221 ' 
(13.7349)

0.9365'
(12.4860)

V.

Other information

Mean ' . 
farm effect

■

. 0.0803 • 0.1452 '

...-2 .745 .717
R C

*
Number of;

Farms , .

, Observations

56'42

246169 s>.

Ratio coefficients computed from Model IV are all significant at the 
1 per cenfi’evel. The ratio of tbe Ratio Coefficients to their 
standard errors are shown in parentheses. 4-A

■Na
e' = ^B'./N
O . Ol

1
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Ratio Coefficients, Mean Farm Effect and Mean Year 
Effect Coefficients of Model ill: Kericho and 
Kisii Districts* ,

Table. 10

i

/

.

Specified, tea buying cen^tres
Kisii DistrictKericho DistrictCl

- 1
Nyaniira
Division

Kitutu
DivisionCoefficient Buret DivisionItem

Year of 
Maturity Ratio Coefficients

t

4 . . .4293 .
(3.2495)

.7378
(3.1963)

1.0282. .
(4.1353)

*^4

^5 .74B7
(3.5812)°

'1.5302
(3.5920)

5 ’ l.p818
(2.6964)

1.1B7C ' 
(2.2653)

1.5618
(2.5896)

1.0045^

(1.2123)

6 b; ■ 1.1111
(3.7374)6

7 ■ ■ 1.8038 
(4 .'7414)

1.6253
(2.3210)

^1
&.■ t

other information •

Mean
farm effect ' bb: .0926 -.4739 - ..5553r *

O,

Mean
'• year effect c-b: .3691 .5399

oo

Ml.784 .681n-2 ■
R

Number of : -
Farms (N)

i^ • 33 38
9

Observations 133117 140■:

* Ratio Coefficients computed from Model III are. significant at the
1 per cent level except as noted by £. The ratio of Ratio.

, Coefficients to their standard errprg are sho™ in parentheses.

N T
b ./^ Not significant B_' = i:b: T .

oot00.
. t1

V

'S'
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order to.avoid a singular matrix, only ratio coefficients for four 

of the five age groups are estimated and presented. With one excep­

tion, the coefficients are highly significant. Additional infor­

mation includes the mean farm effect (both tables) and the mean year

effect (Table 10).

■ The Ratio Coefficients arise out of the manner in which the'

farm effects are incorporated into Model's-III and IV. These coeff­

icients are essentially stepping stones to the calculation of yield 

coefficientg.. There are a number of alternative ways in which this

transformation can be done and the discussion of these is postponed 

until the next chapter.^

Year 'Effect Coefficients and WeatherA.

The positive manner.in which Model IV was accepted for

Kericho/Kisii but rejected for Kiambu is most encouraging since it 

meets one's expectations based on the relative weather patterns of 

. the areas. Although Kiambu has the more pronounced bimodal rainfall 

distribution, the persistence of misty conditions and low stratus 

clouds for many weeks of the year tends to lessen the importance of 

rain as a source of moisture'.- 'Jhe clear days and afternoon thunder­

storm activity in Kericho/Kisii heightens the reliance of these areaa 

on rainfall. This proposition receives further confirmation in the 

' year effect and rainfall indices presented in Table 11. Since the 

year effect 'cToefficients of Model IV are’scaled in an arbitrary

The general form of the transformation from Ratio 
Coefficients to'yield coefficients has already been shown in 
equations (III -oil) to (III - 13) in Chapter III. .

- ■
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manner according to which,dummy variables are omitted to avoid a 

singular moment matrix, the choice of indices is also arbitrary. 

It seems logical; however, to have the indices for rainfall and

year effects operating in approximately the same range. The base 

chosen was the sum^of the mean farm and mean year effects. Thus: •

■ 8' + a'o. oot
,^^t =

where is the year effect index and the periods (,)-in the year

effect or farm effect coefficients denote averages.'^ The rainfall
... 1 '

index is based on the mean rainfall for the five year period. Given 

the arbitrary nature of the indices, no reliance can be placed on 

the numbers •themselv,':ri, but the indices do facilitate comparisons. 

IJhat is important is the ranking.within each index and the comparison

of rankings between.indices.

In general, the rankings of the Buret and Kitutu year effects 

coincide cldsely with their respective rainfall rankings. Nyamira 
identi^M ranking to Buret and, consequently, conforms well 

with its- rainfall pattern. This is not a matter o‘f pure chance since 

the Nyamira Scampiej'^ying centres are located exactly equidistant: - 

’ between the two sites of the rainfall recording stations (at Litein

'jt.

has an

and Ki’sii town)..
• 4 -

. This issue is further discussed in Chapter V.

5 . ^
Thus B = Uo. ..

T
-V

■W'N and b:.^ = -fB'^yT and then B' ^ B' + B'
O • • Oc« 00 •

V

For Nyamiraj rather,^ than adding B' to numerator and denominator, the 
wide rknge of the year effects and negative mean farm effect necess­
itated an unweighted index based on B'^

00.

X ■
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The year 1963/64 is* interesting in that it is ranked lowest

The-year's output wa^ in fact 

The reasons for ^

in each of the year effect rankings, 

poor in all smallholder tea areas in the country.

this are attributed (by theKlDA in its Annual Report) to a relatively
^ partly to the contri-high percentage of vacancies in some areas, 

bution of the 'sun-dried' tea industry,^ and partly to substandard

cultivation and underplucking in some areas (4). This is more’a

It may be more relevant tolist of symptoms than of actual reasons, 

note that th^*was the year of Kenya's independence, 

of unusual pressures and uncertainties in almost every, administrative

It was a year

department of government. It is not unlikely that the root cause for 

the poor le'^el of tea_production lay in the realm of politics.

Overall, the results of the systematic analysis of weather 

effects by means of analysis of covariance has been revealing, 

rejection of Model III for Kiambu' and its acceptance for Kericho/

The hypothesis that year to year shifts^in the

The

Kisii was important, 

production function for smallholder tea are mainly caused by' climatic

conditioas would appear to be confirmed.

tf

4

^By "vacancies" the Authority means absentee landlords.

^This was not a problem in the areas with which we are dealing.
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CHAPTER V

SMALLHOLDER TEA''^fiiDS <3*

The Importance of Tea Yield Estimates1.

An important outcome of the manner in which the productiop 

function for smallholder tea has been specified is the statistical' .• 

estimation of tea yield curves^for each farm. This provides some 

exciting information with interesting and useful applications.

Tea yield estimates are of considerable importance both in 

the planning phase for the expansion of the smallholder tea scheme 

and also as a potential tool in extension work. At the national 

level, t^e importance relates to the applications for international 

developmenf finance, in submission^ for international loan funds for' 

its three "Plans", the KTDA has produced elaborate planting and pro­

duction schedules. These schedules form the. backbone of the whole 

. ' loan repayment structure. Figure 9 reproduces the expenditure/
'ft

receipt schedules of the First Pl3h in diagrammatic form, 

lations were all based on an assumed yield of 200, AOO, 800, and 1000 

. pounds of'made tea per acre»rn the third to sixth years after plant^ 

ing.

‘A- ,

' The calcu-

9.

•r

_ The impact of the yield assumptions is not only felt in 

national planning but works it's way right down to the farm level. ^ 

•Initial gross payments to the grower are fixed at 40 Kenya cents per 

, pound. Recurrent costs-qf the KTDA ard" covered'by a cess of 10 cents

A-

•r

-87-
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Figure 9 Time Path ofKTDA Payments, 
Receipts and Loan Redemptions. 
First Development Plan,

•j

«7S,000

A \

r

tt £S7}.000

KTDA
Tocjl psymenit 

£560.000 L.
I 1 I I T 1
P»/aenti contittuinj it £5!0,000

•C*'

iri ■KTOA
Revenues
£185.000

•JU 5.

Ardcmptioni
IMS;8«1979.60t9;S;76I9M/6S 1969/70a

Note KTDA total piymenti inelodc redemption liibilitlef

...
9

Source U, p,18)
■ \ .

A

• ^V •

9

r
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per pciund of green, leaf.,^ The capital repayments o'f the farmer to

the Authority, and therefore of the Authority to the lending agen- 
2

cies are covered by a similar 7 cents cess, 

farmer from the KTDA is therefore 23 cents per pound.^ 

capital cess also covers some of the KTDA's fixed costs, all growers, 

whether or not they have made use of credit facilities, pay this

A grower who has taken maximum credit on the initial purchase 

of stumps (18 cents on stumps costing 30 cents) would take fifteen 

years to repay his loan and pay for his share of the Authority's own 

capital expenditure.' At the end of this period his stumps will'have

A grower who has takeVno 

initial credit still pays the cess for eleven year^ by which time 

his payments will have amounted to 1.06 shillings per stump planted

The net retuini to the

Since the

cess.

C» /effectively cost him 1.35 shillings each.

!>•

.(1, P.18).

The role of yield estimates is crucial in these calculations. 

If leaf yields proved to be lower than estimated,the period of repay­

ment would be longer and the cost per stump higher, 

ing to note, ther^f^e, that for the Second Plan the KTDA radically
It is interest-

' The currency referred to in this study is the Kejtya shilling. 
It is divided into 100 cents. Prior to the,Brftisli devaluation in 
flovember 1967, 20 Kenya shillings equalied £1 sterling. Thus one 
Kenya shilling continues to equal about 14 American cents.

2 . •
These include: The International Development Association, 

the Commonwealth Development Corporation and the Kreditanstalt fUr 
. Wiederaufbau.

3 .
There is generally a "second paymentH^made from the profits 

of each tea factory to the growers in its area. This payment used ' 
to amount to about 10 c'ents per pound of green leaf , but it has not 
been possible to^maintain this level in the wake of the devaluation 
of the British pound. Since Britain (the main market), India and 

• - Ceylon (the, major suppliers) all devalued their currencies while’ 
Kenya did not, the price of tea^in Kenya ^M1 lings fell. Second 
payments now average 3 to 4 cents per pound.■ a

%
■a
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reduced its yield estimates from those given, above to 100, 300, ,600, 

and 900 pounds of made, tea per acre in the third to sixth years pf 

planting Q, p.l6).

In addition to its own specific finances, the KTDA also.',, 

arranges for the establishment of the tea factories which process
.4 .

smallholder tea.’ EaCh“fa'ctory costs about £200,000 and is designed 

to process up to 1 million pounds of'made trea per year. The KTDA's 

production schedules form the basis for the timing of factory con­

struction and the provision of collection facilities. For this rea­

son the 'Authority makes annual predictions of output for each 

"factory area". The failure of a factory to achieve its designed 

throughput can have serious implications for its profitability. The 

difference'in yiel(fs~6efween areas-is likely to be an important para­

meter in cost-benefit comparisons and, consequently, national invest­

ment decisions. '

li-

«5

>5,

•i. . 2. Statistical Yield Curves — 1

IJie radical revision of the KTDA's yield estimates makes it 

obvious that for international loan applications the KTDA requires 

some-form of-national yield curve. For factory construction, yield 

curves .are required for each potential "-factory area". For exten- 

sion purposes, yield curves fpr individual farms or groups of farms 

(e.g. those farms delivering to any particular buying centre) may be

0

■ 4
The share capital for the factories is obtained in equal 

proportions from the commercial tea companies, the KTDA and the 
Conmonwealth Development Corporation. The commercial tea companies 
act-as the managing agents. Provision is made for smallholders to 
purchase shares in the factory coiapanie's^

X'
■s~-

# •
■

'*■

ft-
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The methbd by which the KTDA derives its tea yield . . 

curves was discussed in Chapter^ II. The' coefficients of the pro-, 

duction functions given as Models III and IV provide a more objective 

basis for constructing tea yield cujrves. We now turn to the deri­

vation of these yield curves from the ratio coefficients presented 
' %

in.the previous chapter.

desirable.

The equation for Model III is:
a

■?it 5
= b:.. +• b: (V - 1)- ^it + e.

k
oot Itoi

■Qit
is the output of green leaf on farm i in year t

\it . is the number of tea bushes of age k on farm i in 
year t. (k = 3 to 7)

is the overall yield of tea of farm i in year .t- 

is the farm effect coefficient for farm i

where ,

BV:. ‘■■^oi

*^oot ■ is the year effect coefficient for year t

\i
\it = — is the proportion of farm i's total stock 

it of tea bushes at is of age k in year -t.
(k = 4 to 7)

is 'the "ratio coefficient" giving the contribution 
to^otal yield of the proportion of bushes aged 
k years, (k = 4. to 7)

■ It should be noted that while there are five years of plant-

- - , ing ( k = 3 .to 7 ) only four proportions ( k ;= 4 to 7_j.^

enter the equation since the fifth proportion is simply a linear

4^

\he overall intercept is omitted. This is^a matter of 
convenience since two, intercept variables have to be omitted to

In practice, the overall inter-.avoid a singular moment matrix, 
cep't^and the last farm-effect -variable were omitted in the statis- 

The choice of wliich-variables to omit isti'cal computations. ^ ^ 
perfectly arbitrary - the effect is to scale the resultant coeffic­
ients -with respect to the omitted variables.

.. H ' '
» -

■'a

.. U.- ■
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cdmbination.of Che.other four,and its'inclusion..would result in a 

singular matrix. This, means., that the omitted ratio coefficient 

equals zero. In this case 6^ = 0-

Multiplying,through.both sides of equation (V -r 1) by
7

we get;

7

"‘5it--6oi' .5\it 5\it
k k=4 k

+ U
oot

k

. (V - 2)

In the penultimate term of this equation, the Pj^ variables cancel • 

out since, by definition,
' V.

\it :

- '^it

Hence the equation simplifies to;

7
(V - 3)Qit + U

.it

to

, and, by adding the terms in parentheses, the notation can be 

further simplified'to;

7 e
(V -.-4)"Jit " ^^3 ^kit\it ^ ^it

_ .where- is the yield of green leaf from bushes of age k

on fe^rm. i in year In other words^ for every farm fdx every year
't 6 ' * - 

In other words, since B' = 0, 63^^ = + B".
oot
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we have a separate yield curve. This degree of detail is likely to 

be of interest to the extension^personnel but is of little interest 

at the regional and national planning level. .

.. - There are a number of alternative ways in’which an average

yield curve can be obtained for any given area. From equation - 3) 

we have: ■ ” • ■

^kit = ^k ^o'i " e^ok. (V - 5)

An average yield curve (3, ) can then be defined by using
cC • •

the average farm effects and the average year effects:

,x.. - c. (V - 6)
.8.

. T ^

/ T ‘= ^^oi ! «where = U
t

00.
1

with there being N farms and T years of observations. Alternatively, 

since an average year effect is not particularly meaningful', and

since.year effects have no systematic relationship with the plant- •

7 • _ « * ■

ings, the year effect may be omitted in the estimation proce'dure'’as
% ■ ■ , , ' 
is done in Model IV. ’ This model implicitly assigns a different

average year effect and changes the estimated coefficients. Thus-we

have:

i

k.

(V - 7)

The amount to be planted in any year is determined'by the 
nursery iftanagerh decisions 'of two years earlier,, - not by the weather ' ' " 
(although rainfall may have some influence on the mortality rate 
among stumps). .
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However, in. both (V - 6) and (V - 7), averaging the farm 

effects -across all farms may be an over-simplification for 

purposes since one can hypothesise reasons why different groups of 

fanners may perform with differing efficiency. The first farmers 

to plant tea might b'e the best (either because they were informally 

selected by, the extension personnel or because they were genuinely 

progressive', innovative farmers). Alternativelyfarmers who 

plant later might be better because they learn from the innovator's 

mistakes, drawing distinctions between' successive groups of farmers 

is likely to be most important in using the model to predict output 

during the early years of development, 

average yield coefficients can be written as

= " ®oj

some

f

In these circumstances, the

(j =®kj (V - -8)

and Nj refers to the number of farmers ftho plan- 

That is to say, Ik is a cumulative total 

Thus, for example, will be the

number of famers who planted tea in 1959 and had their first output

where oj
1

ted in vintage j or earlier.

'of the farmers planting tea.

in 1961/62. is composed of those farmers who planted in 1960 and 

those who planted in 1959. This procedure continues until which » 

includes all the farmers in the sample. The rationale for the

successive accumulation is that few farmers plant tea in only

Thus most of the farmers who planted in 1959 also planted in 

Many of the first group have plated in four out of«

one

year.

1960 and 1961.
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five years. Equation .(V - 8) implies the following matrix of yield, 

coefficients:

,6;.
31

S2 ^Al

33 ®42 "51

Sa ®A3 ®52 hi

hs ®AA ®53 ®62 ®71

B 6
(V - 9)

Since the subscripts are hot in the usual order in the rows 

and columns, a word of explanation is due.

The first subscript refers to the age of the tea " 

bushes which hpve thesq^vield coefficients, 

refers to the group of farmers ,who could have planted tea with these 

Thus when the appropriate stock of bushes is multiplied by 

these coefficients we get: ' ■

The third row reads

hi hi ^51*

The second subscript ,

yields.

h ^3^35 ^ -^42^45 (V - 10)^ ®5l''55

This equation states that the output of tea in year 5 (Q^) 

is the result of the number- of bushes that are five years old in 

that year times the yield coefficient (for five year old tea)’

-obtained by the first group of farmers who ijlanted tea (B^j^); plus " 

the four year old tea times the yield coefficient of that tea as 

: obtained by the second (cumulative) group of farmers who .planted tea;.
* • . _ Ji ■

plus the three year old tea times its .yield coefficient. The impor­

tance of the matrix lies in the fact that only the farm effects' of
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those farmers who cotild have contributed to the yield of a particular 

vintage of bushes, are included in the calculation of t a average farm 

effect and hence in the calculation of the yield coefficient for that 

vintage. On the other handj-the yield coefficients given in equa- 

tions (V - 6) and (V - 7) are vectors which ape calculated on the 

assumption that there are no differences between those farmers who
i.

plahted tea in the initial years of its introduction and those who '• 

planted in the-later years. '

The matrix (V - 9) can be amplified, to incorporate Model III 

by including the year effects in the form of a third ‘subscript (t) :

b

I

e313 •

o

S35&3t = , e 6425 ‘'SIS' ■ (V - 11)
e 6 B 6346 436 526 616
B357 ®447 S37 ‘'627 “717B B

Bj^jj. is the yields, coefficient in year t for tea bushes of 

age k grown-by farigiers ,in group j.

This matrix of yield coefficients represents the fullest and 

most reasonable set of averages that can be obtained from Model III.“ 

The matrix (V - 9) is the comparativerset of coefficients for Model 

The vectors of coefficients in equations (V - 6) and (V - 7) 

represent the overall averages for the same models.

(k,t = 3 to 7. j = 1 to 5) ,• ;

IV.
■:
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t?
Prediction3.

The data set available for this study was divided-into two 

A random sample, of one third of the data for each of thesections.

five administrative Divisions was used to ^estimate the parameters of.

the production functions. The remaining two thirds 'of the data is , -

used in this section to test the predictive powers of the different 

‘ models and thp different average yield curves.

comparison is the set of yield curves used by tl\,e KTDA. . 'These yield •> 

set out in Table 4 (Chapter II). In that table, the

In order that they

The standard for

, curves were

units are "pounds of made-tea per acre per year".

•might be compared to the statistically derived yield curves, the KTDA 

yields are converted 'kd''’"pounds of green leaf per bush per year". 8

The predictions of this'study are all of an.ex post nature.- 

For each of the five years for which planting and output data 

available the yield coefficients are applied to the total plantings 

in the relevant vintage. Thus

are

•4.

(V - 12)• (k'= 3,...7)Qt f kt \t

is the general form of the prediction equation.

■®West Sf the Rift, plant spacing/^ives 2,904 bushes to the 
East of the Rift, the figure is 3',485 bushes to the acre.

4.5’pounds of green leaf make one pound of made-tea.. Thus the 
; conversion factors to obtain po'unds of green leaf per bush are:

= .00155 for areas West of the Rift;

acre.

4.5
2,904

VTaq = r00129 for areas East of the Rift. 
. ■' 3,485 ^. i-■4
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where ■

is-the predicted output in year t.

X, is the to.tal nxuriber of tea bushes of vintage-k 
in year t.

is the vector of yield coefficients used for year-.t..

Qt

B
"^kt

The results of testing the varioud models are summarized in

Tables 12 and 13. Table 12 gives the weighted mean errors for all 

five years while Table 13 gives similar information for the last two

years.

Following the preceding discussion, the average yield 

coefficients used in the predictions on which these -tables are based

They can be summarized as follows: 

the full matrix of coefficients given in the.

vary in their degree of detail, 

for Model HI,

identity (V - 11) where it is assumed that the different groups of

farmers (j) are important and each year effect (&' /) is taken into
ooc

pools all farm effects but maintains the distinction

V

account; B

of year effects; Bj^ uses both the average of the farm effects a^d„. 

the average of the year effects (see efjuation (V - 6)), .For Model 

IV, whiph excludes the ye^ effect, Bj^j is the yield coefficient of 

bushes of age k grown by'farmers in group j.(see the matrix (V-9));
J , .

Bgj is the last row'vector of matrix (V-9) while. Bj^ averages the . 

farm effects across all farms.

The major reason for presenting Tables 12 and 13 separately 

is that the size of the output in the years 196,4/65 and 1965/66 

very much greater than in the three earlier ye^rs. The higher out- 

put is of more interest considering the rapid expansion of' the 

industry. The detailed results on whic'h. these tables are based

k.t

•-y-

. .....Jt. „

was

—r

... it
are

V*
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' given in the,set of tables-in-Appendix. III. Their actual output,

predicted output and error are given by year for each model. The

units are in terms "of the per cent of the -weighted mean erttors of

the predictions. Percentage errors are based’upon the actual output
• ■ ■ , , ■■ 

and' are calculated as follows: -

Qt - '^t . 100 (V - 13).E s;

Qtt

is the percentage error in year t.- 

is the actual output, 

is the predicted outj)ut.

where

CJ

and ■ Qt

The weighted mean errors are then simple calculatioiis:y

= . t ^t . ^t ;(V - 14). 100E
iQt

The results of the ar^alysis 

models represent substantial improvements over the method currently 

in use by the KTDA.,
B. ■ ^ ■

In Table 12,'which covers all five years, the overall

■b

*
indicate that the statistical

'iy

average error in prediction, using the KTDA's yield rating, is

is between 11.70 (for 

As expected"; the -.average ^eld ..

21.25 per cent while the range in the error 

Buret) and 26.51 (for Nyamira). 

coefficients based on Model III and using the maximum information

available regarding the farm effects.and the year effects (i.e.

® produce the best predictive model when all years are consi^

dered. 

range

Here the overall mean error is only-7.43 per cent while the 

is between 4.40 and 11.47 (for Githunguri.and Nyamira .

b.'-
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9
respectively). More important than the average or the range is the 

fact that this predictor is consistently better than the others in

all 'Divisions.

Iflien just’the last two years are considered (in Table 13),, 

the models including the year effect still ,turn out to be .best in 

the rankings. On the,other hand, the predictor using coefficients 

based on the average farm and the average year effects (B 

remains at the bottom of the ranking of the statistical, measures.

)
k,

The average error using the'KTDA's rating is still the largest and, 

importantly, the statistical measures are relatively even

Thus the KTDA's error- only reduces from

more

better than in Table 12.
*•

21.25 to 19.87 per cent while the average errors of the-s-tatistical .

models decline from about 10 per cent to around 7 per cent. 
tSct ■

A.

Certain of the other changes in the rankings between Tables 

12 and 13 are interesting. The importance of distinguishing between 

the groups of farmers loses its significance when dealing with only 

Thus the rankings of columns 1 and 2■iu

^rs.the last two
10

) change over as do the rankings of columns 4 and 6 and 3j^_)-B
k.t

The reason for these changes is probably the simple fact that the

ratio coefficients for later years (Bg and B^) are already estimated- 

from only those farmers who planted in 1959 and 1960.
• . ^ H Q

iThese farmers

The improvement in prediction ,us,ing yield coefficients 
including the year effect over those not doing so is somewhat 

■ surprising in the case of Githunguri and Gatundu since the statis­
tical analysis of the previous chapter rejected the null hypothesis 
regarding the significance of the year effect variables in these 
two areas.

^°0ne hastens to add that the- actual difference between the 
average^errors in the latter case is negligible.!
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plantings are the only ones to enter (with inputs greater than zero) 

the data matrix at .this point. Hence, theinclusion of the average 

farm effects, for these groups alone, in the calculation of the

yield coefficientsJ amounts to a form of "double counting". Further­

more, while the number of stumps planted in the first two years is

generally less than two-fifths of the total planting in the five 

year period (see Appendix III), the very much higher yields of the

more mature bushes suggest that it is particularly important not to 

double count the effect of these-particular groups of farmers. The
>-

farm effects are the subject of more detailed analysis in the next

chapter.

^ For actual ex ante prediction or for long run forecasting

purposes, the prior Galculat?.on of a measure for the .year effect is
V

It' is of interest therefore that the model? excludingnoj possible.

the year effect hold up well and still represent substantial improve­

ments over the KTDA's technique.

farm effects mo^l using a simple mean farm effect (the model in

It is particularly useful that the-

S'column 6 using ) is ranked third in the predictions in. Table 13.

if a model

•O

■^However, an obvious question immediately poses itself: 
fe ^ •

using- an explicit average of f^m effects is of sufficient accuracy 

for prediction purposes, would a model which implicitly averages farm

effects - by ignoring them - also be acceptable? Consider the

. . equation:

(V - 15)H. ■ "itit .



'b

-104-

where the notation is identical with that already in use. Model VI, ^

^ ■ ' 11
so let it be called, keeps yields as the dependent variable

ir

but both year effect and farm effect variables are omitted. If

management bias i’s a problem, (which, is a question to which we return

in Chapter VI), then the coefficients in Model VI will be biased.

However, for prediction purposes, statistically biased coefficients - •

may be preferred. Thus, if better farmers do indeed plant more tea, 

then we should want to take this into account in prediction, and. 

hence the upward bias impaft'ed to the coefficients is to be welcomed. 

Table 14 presents the prediction results for Model VI. A(_comparison 

of these results with the previous two tables shows that, on average, 

there is barely .25 of a per cent difference bet^^een the prediction 

of Mo‘del IV anS ffodel VI.

;'r

J

•5

\One cannot but conclude that theerrors
.t.

KTDA could improve its prediction, technique and hence its efficiency
i *--1

in phasing factory construction and the provision of transport, to a 

considerable degree, simply by using the relatively straightforward *

'S^ mpdel which e^ludes both year-effect and farm effect variables. Any 

justification, from their point of view, for using the more complex • -‘ 

models would have to lie in whatever additional information these 

models might provide... Some of this information is contained in the 

next chapter. . ' ’ .

s 4
I

■s

-r'-t

.

4

i:

1
11

'I

.

<
This is to avoid the probjable existence of heteroscedas- 

ticity. in the error ’term^ if the dependent variable were simply 
output. .For details see Chapter III and (^).
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i'T'.

4. A Graphical Cotnparison of the Models

Having dealt at length with alternative methods of deriving 

average yield curves, it is instructive-to compare the shape^of these 

statistical curves with those .used by the KTDA. rf" ■

The average yield
' e.

curve ) obtained from Model IV is used as the basis for comparison. 

, ,The actual yield coefficients- are set out in Table 15 and are then
■;

plotted with the KTDA curves in Figure 10. It is immediately clear 

that the statistical curves-are more irregular than those used,by

the Authority. A major reason for the difference is that the KTDA - 

does not take into account the impact of’ pruning on yields. This is 

obviously taken account of in the statistical estimates of yield 

coefficients. However, *tllife clear pattern that might be expected to 

emerge from the uniform pruning instructions (set out in Table 3 in 

Chapter I) giveiv, to growers is not in evidence. A probable reason 

for this disparity is the fact that in those years many growers 

adopted the four year pruning cycle of- the estates. Figure 10

also makes it .clear-_thatL_aJLarge'-pantl.bf_ the KTDA's error lies in
’ . * i?
assuming that Di-visions within a District will have the same yfeld

curve. Thus the -"Extra High" rating may provide a reasonable basis 

for prediction of output from Kitutu and-Nyainira together but, is 

clearly inappropriate for either Division by itself.

%

t

12
For example, the weighted mean errors of the KTDA's 

-prediction for these areas for 1964 to 1966 decrease from the high 
figures of 29.6, and 20.7 per cent (Table 13) to 14.3 per cent? if 
the areas are pooled. ' t)
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Fig. 10. Tea Yield Curves Model IZ and KTDA Estimates•S'
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• - \There is conflicting evidence in these statistical curves 

regarding the size of the marginal’ increases in yields in the last 

two years. One concludes that data for another two or three years 

would be required to estimate the yield of mature tea dn each area.
’I

fr

5. Model V

Chapter III concluded with a brief discussion of a model 

introducing farm effects which act upon yields in a multiplicative 

The model is: ■ ,manner.
f6

7
(V - 16)Qit = B ®k\it ,+ Gpi it

k=3
/ ,

a-
where the notation i^^r^the same as that used previously.

■ . . ' . ' ' / J-

-• The coefficients of this model were estimated by the iter­

ative procedure outlined in Chapter IIT. The sample area used as a 

test'case was Buret. The starting vectqr of. yield coefficients (6^) 

was that shown for Model IV in Table 15. The arbitrary epsilon 

chosen as the cut-off point was e = 0.001. --Thus the test at each 

iteration was: ^
6

1

/ rNr-1 r-1 (V - 17)e • - - < 0.001
0«

. /

for each k, (k = 1-to 5),
V. •

T

-V.

SfSss

t
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This termination condition was fulfilled for all coefficients
i

except one by the fourth iteration but, ingoing into the fifth

^ round, the largest change in any of the five products '(S ■ 3, ) was ■
0» K »

^ only 0,.0CXD2. A further-five iterations were also tried: while the

product of the mean farm effect and the yield coefficients remained 

virtually constant, the former continued to increase with each round

while the yield coefficients declined. Thus the and of

equation (V - 16) cannot be simply interpreted as the farm effect and 

yield coefficients. Rather it is the product, which is the

yield coefficient for each farm while B. (= B . B, ) is the aver-
zC • . O • . R

age yield curve.

As a check on the sensitivity of the final results to the

choice of starting point, a new start was made on a secofid trial.

■ By- the fifth iteration the second seb of results was virtually

identical with'that. obtained from, the first trial. Table 16 shows.

the starting and final vectors of the two trials.

' Table 17 presents the comparative prediction results-for

Model IV and Model V using alternative formulations of average yield
13

coefficients (Bj^j,6^j and. Bj^ ).

of Model V make average yield coefficients highly sensitive to the 

in which the averaging is done. For-this-model predictions based 

on -Bj^ are actually worse than the KTDA predictions for this area.

On the other hand, wheh account is taken of the different groups of 

farmers (as in Bj^j and B^j) the predictions are good, although not.^. 

as good as the predictions of Model IV.

<The multiplicative farm effects

manner -

ty

.13 i
Refer the footnote to Table 12 for the meaning of 

these alternative, average• yieia coefficients.

■ ^

%
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Table 16 Initial and Final Vectors of Yield Coefficients 
for Two Trials of Model V for Buret

 1st Trial 2nd Trial
Start‘d.-Parameter FinishStart Finish •

!>

. h .5001

.7826

.9283

1.4374

.5241

.6900

.4617

.8910

1.2054

.5240

,.68988
2

1.0253 
1.4256 

2.0176 ■ 1.4787

1.02503

1.5728 1.4254

2.2655B 1.47855

^This vector-rcomes from Model III .using the mean farm effect and 
the mean year effect B (see equation V -* 6) .

k..

Comparisori'’of Predictive Results^for 
Models IV. and V, Buret Division.

Table 17

Coefficients Used^
•i.

'kj B, ■Model ■ Period k.- .

6-

Weighted Mean Errors (Per Cent)

" ■ 1961/62-65/66IV 6.12 7.18 7.15

- V 7.19 11.938.80

1964/.65-65/66IV 1.72 2.00 2.29

V , 3.83 1.09 7-. 24

®See footnote to Table 12.

•t

n
'■f
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The results obtained from Model V for Buret are^interesting 

but, in'view of the complexities of its estimation, do not justifx_^ 

its extension to other areas in this particular study.

■ %

Sumnary and Conclusions6.

The KTDA uses ad hoc tea yield curves both at the national . 

and Divisio^l level. Yield curves are important for the efficient’
iV

planning of the expansion of smallholder tea. The Authority has in 

its files data with which it could statistically estimate these ‘

Alternative methods of deriving average yibld curvesyield curves.

considered in detail.' It is concluded that even a very simple ’ 'are

model that only takes into account the age distribution of the 

.planting stock would prpVide the KTDA with curves that would sub­

stantially-improve the Authority's attempts at predicting output and, 

calculating loan repayment schedules, the optimal'consequently, at 

phasing of"factory construction and,the transport requirements of

the crop.
complex models, which include farm effect coefficientsMore s

for each farm,' are not justified for the simple purpose of estimating 

However, the KTDA has shown considerable interest intea yields.

measurj.ng farmer efficiency, and- consequently these models have a

practical application in addition to the calculation of yield curve.s.
_ _ _ _ _ _ . . . . . r*

Vie now. turn to,an analysis of farm effect coefficients as a measure 

■ of the managerial efficiency of our sample of smallholder tea

farmers in Kenya..

Y.

t? . J-

% .• '■i .
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CHAPTER VI

THE TECHNICAL EFFICIENCY OF THE FARMERS

.. .j-

1. Introduction

h

To complete this study we now turn to a more detailed exami-'
O

nation of .the farin effect coefficients as they relate to the technical 

efficiency of smallholder tea farmers. The next chapter then con­

cludes our economic analysis with a consideration of the role of 

labour inputs in the production function for tea.

The classical production function is statistically estimated 

on the^assumption that technical efficiency exists. That is.to say, 

if one is using cross-section data it is assumed that individual 

firms are operating on the efficient frontier of the production possi­

bility, set. Having noted, in Chapter II, the unrealistic nature of 

this assumption, we have explicitly allowed for the differences in 

technical efficiency between farmers by including "farm effect" 

variables in the specification of the production functioli. There 

were two major reasons for•including these variables. The first was 

so that some comparison could be^made between the relative efficien- 

cies of different farms. For, example, by how much do the yields of 

the top twenty-five per cent of farms differ from the average or 'the
i

' bottom twenty-five per cent? The second reason for including the 

farm effect variables was a statistical one, to avoid management bias 

• in ^the regression estimates. Each .^f these issues .will-be examined^ 

^ in detail. However, we first turn to recent information on farmeir

efficiency collected independently by the^^TDA. ‘

....
-114-
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The KTDA's Measure of Farmer Efficiency2.

Even casual-observation^of smallholder tea farms is enough 

to convince one that here, as in all fields of human endeavour, there 

is a wide range of variability in efficiency. Since the survey data 

were collected for this study, the KTDA has tried to formalize the 

collection o£. information on managerial, efficiency with twice-yearly 

Field Reports.. The current report form is shown in Table 18. Thg. 

purpose of such reports is three-fold:

" (1) To provide the Authority with a progressive census

of tea planted;

(2) To provide information on the cultivation standards

of each, fa^’^m;
» ■■ ' ■ "

(3) To give close control of field staff. " <2)--

In the light of the findings.of the earlier chapters of this 

study it is of interest to note that information on annual plantings 

continues to be available. Some use is made by District tea officers 

of the second item (information on the cultivation standards of each
ev

farm) particularly for checking on very poor farmers. However, a 

major purpose appears-to be the construction of rough (i.e. with only 

three class intervals) frequency distributions of.the grades of. 

individual farmers at the Divisional level. Thus each Division will 

know the-proportion of farmers falling in each of’'three'grades listed' 

towards the bottom of Table 18. The Junior Agricultural Assistants 

, tJAAs) who make these reports are certainly kept extremely busy 

filling an formSi I'Jhile the system does try to ensure that all

■ ■i-'-

•i.

farms are regularly visited (the aim is that they are visited at
‘--Si
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Table 18 - KTDA Field Report Form p •

■V

^FIELD REPORT No. 1/? Reg. Ko.

growers Name:....;...... No. Plants
Date SioreOr....

P.p. No. 
■+ (-),

PLUSt M.a.RKS FOR YIELDING TEAr

.Tipplnj/
Plucking Table : 2, 1, 0 Weeding : 1, 0•«*

D.C. Receipt No.plucking Standard : 2, 1,' 0 
population ; .2,. 1, 0 
pruning : 1. 0

Windbreaks : 1, 0 
Soil Conservation : U 0

Total ■■Plus”Marks = 
MINUS MARKS FOR PRE-YIELpiNG TEA 

Bad Nursery Work : — 1 
Bad Planting or Shading — I 
pad Weeding or Mulching — 1

Tea Officer’s Remarks

Total “Minus".Marks v=>
Head Office RemarksGRAND TOTAL =

VArm grade «=

T

^ yBad pegging or Pruning — 1

• Grade I - 8 - 10". •
J;A.A*i Name (Block Capitals)

Grade III = Under 5Grade 11= 5-7

V

TTiis report has been checked by me and is correct. 
AA’sJMame;. .^Signature:...

&

■ ^ .

a

y
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least six times per year) whether this’represents an optimal use of

extension efforts is open to debate.

Using a sub-sample of three areas (Githunguri, Bur-et and

Nyamira)- total "plus"-arid total "minus" marks were obtained from the 
' “ *

KTDA Field Reports for each farm appearing- in the data matrix used' 

in the statistical analysis of the previous•chapters. These data 

for the period ist July to 31st September 1969, are aggregated into 

the three official grades and presented in Table 19. ■■

V

- Percentage of Farms in Three Grades 
for Three Sample Areas ~ :

Table 19

:

Percent of Farms in Grade

Division I II III

^Githunguri-■. 21.4 40.4 38.2

54.5 45.5Buret. 0
n

Nyamira - 26.6 56.6 16.7

%
V, V

4‘ ^ .
Source: Calculated from data provided by the KTDA■i

t

-

■%

i

'*>

■P
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On the assumption that the visiting JAA's score with the 
% ■ . * 

same standards in'each area, the proportion of -farms in each of the

three grades in this Sable is interesting-. Ranking'these three areas
j

for efficiency, it is obvious that Buret comes firSt," Nyamira second

However, the ranking of these three areas by 

would give us the same ordering.^ This might
and Githunguri third, 

their yield curves 

'indicate that the differences in yields between areas is not merely

; .

■a function of ecology but of managerial efficiency as well. What is 

clear is the line of^causation. Do low potential yields, 

because of a less well-endowed environment, result in poor-manage-

less

(as in Girthunguri) which in turn means low actual yields?

But there is
.ment

It is clear that a vicious circle is possible, 

another possible*exp'lanation for the ranking: 

trained JAAs, using strictly laid-down rules for grading farmers^ may

that isj that centrally^.
■

end up including’'a strong ecological .bias in the farm efficiency 

• Thus JAAs,who are trained on the high-yielding Teameasure.

Training Farm are likely to mark down all farmers in a^low-yielding

However, if we-are really interested in farm efficiency in any 

interested in the performance of farmers in that area ^ 

' relative to what is possib]^e<-iti that area - not in relation to what

area.

one area we are
V ■

^See, for example the figures given in Table 15 and the 
However, in years 4 and 5 Nyamiraassociated graph. Figure; 10.

actually outyields Buretj hence the ordering is nob unambiguous. In 
order to compare scalars rather than vectors, thege yields can be^ 

- -  ' discounted to a 'present value'. It is possible to select a suffic­
iently high discount rate such that the higher yields in the early 
years' in Nyamira outweigh the.later high yields in Buret. Since 
the rate which rev^erses the ordering is .in excess of sixty per cent 
the problem can be ignored for our purpose.

s-- ••*»

...', ' ■
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Is the difference in efficiency betweenis possible elsewhere.

.Githunguri and Suret realljr as great as the distributions in Table

19 imply? As we shall see, a. statistical analysis of the technical 

efficiency of farmers in these areas would suggest not.

Before examining in detail the statistical measure of tech­

nical efficiency, four important differences between the RTDA's 

measure of efficiency and that obtained from the regression analysis

need to be noted.

First, the-rationale underlying the two measures is quite 

The farm effect coefficients obtained from the esti-

y

different.

mation of the production function-indicate the shift in.yields from
O ^

Using Model IV as the basis of our (SlSlysis 

in this chapter, these coefficients’ are cardinal measures of

The coefficients' are both the

r

one farm to another.

efficiency within any one area, 

measure of efficiency and tha first year's yield of green leaf, in ,

terms of pounds of green leaf per bush per year. • When making com- 

with different natural resource bases, theparisons between areas

farm effect coefficients are not ordinal, let alone cardinal.

However, by making some ^mple transfor­

mations of the 'coefficients, inter-area comparisons can be made! ^ 

The total»"plus" and "minus" marks in Table ,18 provide us with an

measures of efficiency.

independent ordinal ranking of farms in terms of efficiency as

But, asdefined'by the marking structure established by the KTDA. 

we have seen, it'is not certain that, even if the marking were done 

on the same basis across Districts, the results could-be strictly

^odel IV excludes the year effect coefficients (see p. .74).
*

V' * *
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interpreted as showing relative, efficiencies between different 

ecological area^.

Se.condly, unlike the lana effect coefficients, -the weighting 

system and, consequently, the measure used by the KTDA does not have 

a yield basis. Thus, for comparative purposes, one wishes that 

greater weights and penalties had been given to those factors which 

particularly influence'yields. For example, the following points 

. system would have been more suitable for our purpose. 

Tipping/Piucking table 

Plucking Standard 

Population

2. 1. 0

6. 3. 0

4. 2. 0

2. ■Pruning

Weeding

Windbre'aks

2. 1. 0 ' 3 •
■ ^

1.^0

K~
Soil Conservation 1. 0

Maximum possible plus marks 

Unfortunately, without the data in its original form this-re-marking

20 o

cannot be done.

Thirdly, the farm, or "management", effects were estimated, • 

for the period 1961/,62 to 1965/66 while the KTDA figures refer to 

1969. During this period many farmers have, doubled the of their

tea gardens, others have quadrupled theirs. The' average number of 

stumps per grower in the Githunguri sample iifcreased from 3,220 in 

1966 to 5,800 in'1969. The comparable average figures for Buret are 

2,809 and.6,338 stumps per holding, and for Nyamira the.increase was 

from 1,220 to 3,515. Given the large increases in the average size

4
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of holding, it is not nhliKely that some decreasing returns to 

management have.accrued as management is "spread" over the larger 

gardens with more hired labour. At the same time, while KTDA exten­

sion services are of the intensive variety, the actual efforts are 

spread more- thinly as more farmers start to plant tea and existing

farmers plant more. '
■*

The fourth point is that while the farm effect coefficients , 

obtained from the regression analysis permit ,a ranking of farms with^ 

‘no ties, the KTDA's measure-results in a great many ties since, at
a

most, there are only ten possible scores. This means that the normal 

measures of rank correlation such as Spearman's or Kendall's are not 

^ This is a pity since a listing of the two- sets of figures ‘

gives one a tantalizing'impression that there is 3“significant degree
- a , "

of confomity between the rankings. This can be seen- in Table 20

where the following procedure was adopted in order to obtain compar­

able rankings. The number of farms gaining 10, 9, 8,... etc. points 

uijder the KTDA system were ranked as being in class 1, 2, 3,...etc. 

Then the same number of farms in the statistical ranking was put into 

each class. Thus, if there was one farm with 10 points ,then the, farm 

with the highest "fa;rm effect" was given the rank 1. If an additional 

eight had.'9 KTDA points, then these farms were given the rank number 2 

and the same was done for the next eight farms with the highest "farm 

effect" coefficients. This procedure was adopted by only using the

-4. .

of use.

i
■n

3 ^ ^ ^
There seems to be little or.no discussion in Statistics text 

books of the problem of ties. T-Jhere the problem is discussed, as in 
. Freund pp.364-;^366) the concern is only with occasional ties, not
whole sets of ties. The problem is aggravated further by the fact 
that, although there are ten possible scores, in practice only five 
or six scores are used.

V •
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■ Table 20 - Regression Analysis and KTDA Measures .of Farm '
• _ Efficiency and their Rankings for Nyamira.Farms^

Regression KTDAFarm No.
(i) ' Coefficient

<^i>
Rank, (class) Measure • Rank (class)

.933 2 ■ 9 2- ■

.563 ' 3 9 22
’

-.255
.726.

6 5*- 6■ 3;-
3A 2 8

» 4‘75 .615 3
6 56 -.093 

.187 
• .435

5
3 8 . 37

68 3 5
■ 2.461 3 99 ...r'

3 ■8.306 310 >
4 611‘ ■■, -.0,09

-.079-..
7883
-.093

5 ■

N.A.• 12
2 . 8 313-

314 5 8
7 . 4•135 315

16 2.016 2 8 '3
• .082 
-.105 
.330 

-.052 
.704 ■ 

3.741

3 7 4. 17
18 6 9 2
19 33 8

6' -20 4 5
2 7 421
1 10 122

.054 4 a 9 223
. 24 ^

25
26 .

' 27

.368 3 9 2
6-.183 8 3.' .

.204 . ,

.067
3 8 3

. 3-^.4 8<r

712728 3 8 3
... .-g,

: ~8
. .323 
.511 
.715

3 3" 29
. 3 ' 3. 30

§ , 3231 -i

\
^The rankings are by . the six c;iasse§-established by. the KTDA*s 
measure of farmer efficiency when only £he "plus" marks from 
the Field Report.Forms (Table 18) are used.

r

I---

\ - I
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^ KTDA's "plus" marks since these would be more related, to the farmers’ 

performance ijg^^e earlier years, to which the regression analysis 

applies. - - ■

However,,having obtained.this listing there is no standard

summary statistic which can be used to tell us the significance of the
4 '

apparent degree of association. Since a direct comparison between 

the ranking of"farms by the KTDA measure and the farm effect coeff­

icients is not possible, we shall attempt an indirect comparison: 

first, by examining efficiency factors derived from the farm effect

coefficients for evidence of the large differe'nces in efficiency in 

■■the Division^ appearing in Table 19; and secondly, by examining the-

two measures for evidence of potential management bias.
43-.

5!.

Quantifying the Technical Efficiency of Farmers 73.

In order to quantify the differences in technical efficiency 

within each of the five areas analysed in the earlier chapters, the

farms in each sample nre divided into four even groups by the rank-of 

their farm effect coefficientS. Thus, although the vectqr of farm 

effect coefficients in each area'is unique to that area-, in order to
> ■

compare areas we make the (weak) assumption that the top 25% of the 

farmers are technically efficient, 

there are in fact few, if any, technically efficient farms in any ,

given area, then the efficiency factors given below are less meaning-
' «

The percentage of farmers in Grade I in Table 19 suggests.

If the assumption is wrong and

ful.

It would make an interesting additional study to seek out 
complete sets of information from Field Reports to see the effect 
Of applying a more appropriate weighting system. ’

-.-fe
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however, that our assumption is realistic. Gertainlj: this procedure 

is more appealing than using (as was suggested in equation III - 8)

_ merely the very best farm in each area as the basis of the frontier, 

since our procedure is le^s deterministic and allows foif some stoch­

astic noise around the production possibility frontier..

In order to calculate the desired efficiency factors, the 

arithmetic mean farm effect is then taken for each quartile ranges 

thus giving us four yield levels for each area. Thus

L

K
Z B' ,

oii=l for j = 1,. .,4 (VI - 1)M. =
K ,J

where Mj is the mean of the interquartile range j and K = N/4 

where N is the number of CHrms in the sample. When these.mean farm 

effects (M.) are added to the ratio coefficients (B/, see equation
J ' tN . ^

(III-ll)) we obtain four yield curves for each area, 

yield curve is considered to be the technically efficient curve, 

that is, it represents the production, possibility frontier. The 

other curves represent interior points in the possibility set (see

The highest

•ju

Figure 2, Chapter II).

A comparison between areas cannot be made by simply compar- 

of equation-(VI - 1) because the scale of the farm effecting the Mj

^ Rather than curves, 
coefficients fbr each" area.tJ

These coefficients,are points on the yield curve (see Figure IQ).

per se, we have four sets of five yield
■ «s-

B^ . (k = 3 to 7 and j = 1 to 4).
X

■ '

•w

■C-

' %
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coefficients in any one area is a cardinal measure of efficiency 

that is unique to that area. The scale is unique in two senses. 

First, it is related to the overall intercept for each area. It

}

. -. . . . -.

will be recalled^that, in order to avoid a singular moment matrix.

This means that itthe overall intercept is omitted from Model TV.
'' ' . * 

is implicitly included in the vector of farm effect coefficients.

It is a simple task to construct a new vector of farm effect coef- 

-ficients net of the mean farm effect. This gives us:

A

-N

(VI - 2)B'B". b:oi o.01

However, the scale of this new vector of coefficients (B|J.) is also

As was suggested*determined by-"the, growing conditions in any area, 

earlier, the effectiveness of good (or bad) management will be more
1- >

pronounced in high-yielding areas and less pronounced in low-

This is the second reason why farm effect coef-yielding areas.

;ficients are unique to each area. ' , •

In brder to make comparisons betxreen areas a normalised 

efficiency factor needs to be devised. One possible- iiiSex of tech— - 

nical efficiency is the following:^

/ ■

(VI - 3).100 (i=-t,2,3,4)M. = 
J •Ml

, An alternative would be to test the extent to which better
Thus we could have:

.100 (j’= 1,2,3,4) where M s 6^^

’ (or worse) farms shift the average yield curve.
•flP ■

^

j M +

Such a measure is of less interest than the, one used in the text.

y"

h



.A. .  .

-126-

Where M. =? Efficiency factor for interquartile range j 
J . ■ 0 ■

(j = 1,2,3,/t)- (By definition, fhen, = 100.0)

= Mean of the farm effects in interquartile range j
• I •

(j = i,2,3,4) (see equation VI - 1)

= Ratio coefficient for tea in its fifth year of 

maturity (see, for example. Table 9) .

Sj provides us with a normalised efficiency factor which 

indicates the percentage hy which the technically inefficient farms 

fall short of the efficient frontier represented by + 3^. The 

ratio coefficient is added to both the numerator and the denominator 

because of the mathematical form of the yield curves. These curves 

shift linearly with the change in management effect and consequently

’ M. 
J

^5

one obtains somewhat different indices depending on whether one uses

first year or last year yields. Thus, as the size of 3^ increases

(as k goes frpm 4 to 7) the relative difference between any Mj.and

for i 7^ j will n&row. 3^ was chosen simply because it was the

middle year. The same problem would not arise, with Model V sin.ce

there is a multiplicative .rather than an additive relationship 
*

between 3^/ and v' There is an incidental advantage*to the above 

• procedure in that it overcomes the problem of having M^ of negative 

sign (“as was the case in Githunguri, Gatundu and Hyamira).

^This was discussed in Chapter III and in Section 5 of
rr ‘ ' »Chapter V.

V
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These efficiency factors would be sensitive to extreme 

observations among the farm effect coefficients. Hence, before 

proceeding with the calculations of the efficiency factors, it is 

necessary to examine the frequency distributions" of these coeff­

icients for each area. The five histograms are set out in Figure 11 

(a), (b), (c) , (d) and -(e). It will’be noted that Kitutu has one 

. " extreme observation while Nyamira has two. Both areas are suffic- 

' iently close.to large tea estates which-have experienced severe

<!s

theft problems for one to suspect that these extremes reflect some­

thing other than technical efficiency in the usually accepted sense. 

In the Kitutu case there is little cause for concern since the ratio 

of' the highest farm'effect to the next highest is only 1.391 but 

for Nyamira the first and second farm effects exceed the third by

Nyamira also happens to be a couple of miles 

Having said this, however, it is inter-

' cr ■

. 4.01 : 1 and 2.18 : 1.

closer to the tea estates.

esting to nbte that the two farms in question are\aTso considered to 

be efficient on the KTDA ranking. The farms are number 16 and-,
■

8 '.
Using Bowley'.s measure of skewness, whichnumber 22 in Table 20.

avoids extreme observations,, neither of these distributions would be
9

considered highly skewed.
\

The frequency distribution for Nyamira<

g
A- further reason for the oiqission of farm number 22 is the 

extremely small acreage upon whi^h the extraordinary yields are . .
. obtained. This farmer, had planted only 200 stumps in 1960 —' accord­
ing to the official reports. , •' ««

9 *
Bowley's measure of skewnesd is given by

92 - ^1

where q^^ and q„ are the differences between the median and the lower 
and-upper ^quartiles respectively. ~1 ^ sk -t 1 ,witTi a symmetric 
distribution having a value of 0. Bowley'-qdggesfcs that a value of 
0.1 indicates a moderate degree of skemes's''Wri;le a value of 0.3 
indicates marked‘^^pwness. (See p.l32)

sk =
'll

■ a

\'. ■
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• , is replotted'in'Figure 12 omitting the twb'extreme obshrvationsv......

With -the omission of these coefficients we can proceed with 

the calculation of .the efficiency factors for each, area, using 

equation (VI‘- 3). These are presented in Table.21. It is'immed- ■

iat’ely app^arent .that there is a basic similarity between the • 

efficiency factors of the first -three Divisions (Gatundu, Githunguri 

and Buret). The second quartile of farmers achieves approximately 

76 per cent efficiency, the third 64 per cent and the fourth: about 

50 per cent.. The efficiency factors for Kitutu and Nyamira are, . 

however, quite differeftt. In^the former the farmers are generally

-.Table 21 i Normalised Efficiency Factors for ^ 
Technical]v.Jnefficient Tea Farms.

Efficiency Factors (2)

“2 • «3 a Skewness^Division 4'

62.2 . 0.102 . 
0.206 
0.096 
-0.14O

Gatundu .

.Oithunguri

Buret

Kitutu
. b • 

Nyamira

100,0— 77.1; - -

100.0 
.idd.o 
100.0 
100.0

76.6 64.8 45.3

76.4 63.8 52.9

70.6 57.482.0

73.9 53.1 35.3 0.103

I *
The explanation of these efficiency factors is contained in the text,

"^Using Bowley's measure of skewness^(see text) where -tT. 1 is consi­
dered to be moderately skewed and - 0.3 is highly skewed.

^Two extremely high observations are omitted for reasons given in 
the text.*. '

A

S--



-131

more efficient;; while in"the latter they are less so ;- - ’ -. .

Tables 19 and 21 essentially represent two alternative views 

of-technical efficiency. If the farmers in the top,-grade in Table 

19 are considered to be technically efficient, then Grades II and 

III''show the proportion of farmers who, are technically inefficient. 

The Table does not show the degree to which the farmers in the lower

grades are inefficient. Table 21,-on the other hand, shows the
. . ■•1

extent to which inefficient farms fall short but does not seek to ' 

answer the question as to how' many farmers are inefficient. In 

spite of these two views of tech ical efficiency; it is clear that 

the results in Table 21 are r .ainly not what we are led to expect 

from the KTDA grades present..a in Table 19”. There is no evidence 

here to suggest that the farmers in'Githunguri are substantially 

worse than those in Buret and Nyamira. On the contrary, the effic- 

,iency factors suggest that Nyamira is substantially worse than the 

others - including Githunguri.

This leads us to question again the subjective nature of the 

KTDA's grades both in terms of the arbitrary weighting system and of 

the reliance on the personal assessment of centrally trained Junior 

Agricultural Assistants. These JAA's all carry the same set of

...it. —

ny

'1.

This result is particularly interesting since theSe two 
- .. areas are in the same ecological zone and are occupied by the same

tribe. 'While it is outside the scope of this study, an investigation 
into the causes of this differe'nce in efficiency would be worth.

: p.ursuing - especially since a number of the explanatory variables
■ advanced by V. Uchendu fbr differences in efficiency between Gussi 
farmers in the Kisii highlands and'lowlands are eliminated. Both 
Magombo (Kitutu) and Kenyenya (Nyamira) are areas of more recent ■ 
settlement in the highlands, the people are adhefents to the same 
faith and have th_e same cash crop opportunities. (See ^),

■assi

2^
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ins tructit5nsTspe'Z)"and:"l^^ be surprising'if there were not a

considerable degree of uniformity in their grading. This probably 

means that the less favourable areas (in an ecological sense) will 

tend to' be downgraded because of judgement based on what was taught '

• and experienced at the Tea Training Farm, which is in an area -of 

"high yields','. Thus a possible interpretation of the Githunguri 

figures in the two tables may be along these lines: the reason why"
‘ft ■ . .

so many farmers fall into Grade III (Table 19) may be simply. that_ 

the penalty,for being technically less efficient in an area of low
■s

productivity i^much greater than in an area of high natural product- 

ivity, such as Nyamira. A similar interpretation could apply for 

the highly productive area of Buret. It is not that 54 per cent of 

the farmers are tecjini'cally efficient in terms of the production . 

possibility frontier of that area, but when- the judgement is based 

' on experience outside the District, in less favourable conditions, 

it would not be surprising for high grades to be achieved in the 

KTDA's rating system. One concludes thW Table 21 casts doubt on- 

,the validity of a straightforward interpretation of the KTDA grading
n *

system as being an adequate, measure for comparing efficiencies be^- 

tween Divisions. . .

*r

4. Management Bias Revisited

The second major reason for the inclusion of farm effect 

variables was to avoid the possibility of-management bias. This 

question was discussed in some detail.in Chapter III. We noted that 

it was rare to have ^ ante evidence f6j:^.,.the existence of management 

bias. Usually reliance in placed on the statistical test (i.e. an

JO.

't

1--
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. -significOTce of including the-additiolial -firm-vari- - -

ables. However, these tests do not relate si>ecifically to. the, 

existence or otherwise of management bias. What they do show is 

whether there is a significant improvement in the fit by using the 

extra variables.' Nevertheless,-the earlier analysis of this chapter 

provides us with the possibility of an ex post check on the existence 

of bias. We need to examine our data to find out whether better

'1.

farmers have, in general, planted more tea. In other words, does 

the hypothesised positive relationship between managerial ability

and. other inputs actually exist? 'Table 22 shows the same four cate­

gories of farmers used in Table 21 but gives the average number~of 

stumps that had been planted by those farmers in 1966. Tha last 

column gives the expected direction of the bias in the yield coeff- 

. icients. Thus, using the farm effect coefficients.-as the basis of 

ranking the quality of the farmers, if on average the farmers in the ■ 

higher quartiles plant more tea, we would expect an upward bia's in 

the coefficients based on an equation omitting the farm effect vari­

ables. This was the form of our initial hypothesis, but the converse 

is also possible; a downward bias where the better farmers plant less 

tea. The figures in Table 22 would suggest that the expected upward 

bias might exist in only two area's (GSthunguri arid Buret) , while a 

downward bias could exist in Kitutu, and no bias, in the estimated 

coefficients would be likely in tlie other two areas.

>
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Table 22 Average Number of Tea Stumps per Fainn by 
Managerial Class for Five Divisions in 1966

Expected
Management
Bias

Managerial Class
Division 1 2 3 ' 4

Tea, Stumps

Githunguri 5,047 3,300 2,456 2,695 Up

• .Gatundu 2,765 3,856 3,208 2v455 ?

Buret 3,455 3,292 2,313 2,150 Up

Kitutii 1,'255 1,800

l,145^-"'‘ 1,262 .1,180

1,864 2,013 Down

Nya^ira 1,300 •'?

i ■■

-■^The actual, as opposed to the probable, existence of bias in 

the estimated coefficients can be checked upon by comparing Model IV, 

with an average farm effect, and Model VI which excludes individual 

farm effects and merely has an overall intercept'. Thus equations- 

■ (V-I'- 4) and CVI - 5) are being compared.
‘i- .s

Model IV Pk \'it \t on - Wr.^it.
O.

tr

11 . •
For details on these equations, see the .previous chapter*

1-;.

. y-
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[

Model VI ""it = Pk \it (VI - 5)-

-V

The difference between these two equations is to be seen in 

the intercept term. The yield coefficients derived from these, equa­

tions are presented in Table 23. The last column in this table

■ ■ shows the obseirved direction of bias, if any. In comparing the

final columns in Tables 22 and 23 it will be noted that in Buret and .
• V

Kitutu the direction of bias is the same in both tables. However, 

both the "expected" and actual bias in Kitutu is in the opposite

direction to that hypothesised from the only ^ ante evidence at 
; 12 _ -r-

hand. The expected upward bias in^Githunguri does not show up” 

while Gatundu demonstrat^'wn unexpected dovfnward bias.

The evidence for management bias being a problem in the 

estimation of tea yield

-any particular area or for smallholder tea in general, 

strength of the evidence presented one would expect that predictions 

based on Model VI would differ little from those based on Model IV

is far’from conclusive - either forcurves

On the

and this is indeed what we found in' Chapter V.

S'tep. further and suggested that for prediction purposes ■"biased,^^ 

coefficients might be preferred*

Indeed, we went.a

13

^^See footnote 6 in Chapter III.
* j

13'. ■5W

, The bias can be ii^orporated implicitly as in Model VI, or
’ explicitly 'in ModSl IV by ^sing a weighted average of the farm effect 
coefficients. Thus: • ,

where 6 is the weighted average of the farm effect coefficients.-“
V.°' ■

#?■
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We would conclude, therefore, that from a practical point of

view the inclusion or exclusion of the farm effect variable must be

based on considerations other than management: bias per se. However-, 

it shquld ;be recalled .that the smallholder tea industry is in the 

process of^ rapid "expansion and the acreage of tea on any given farm 

is likely to be below optimum. If one were starting this study as 

of 1970 there would be a great deal more ^ ante evidence regarding 

possible management bias. The more recent acreage figures and the 

KTDA's own grading procedure would be an obvious” basis bn which to' 

examine the ptjssibility of a positive correlation between acreage 

planted and a farmer's managerial skill. Table-.24 brings together

the.most recent data on acreage and management for three of our five
• ... .. ... 

areas.. The KTDA management ratings based on the Field Reports were

grouped into four classes. .Only the total positive marks' were taken

into consideration since these are more closely related to current

output than are the negative marks.

. Table 24 shows that by'1969 the be'tter farmers had'indeed
‘14

planted more tea than the poorer farmers. . This ..pattern had already

in 1966, as can

- X'
-i.

*•

emerged in two of these areas (Githunguri and Buiret)

However, it is significant that these two
0'

tables represent quit% different sources of evidence for possible

Bringing Table 22 up to date with the 1969 planting

be seen in Table 22.

management bias.

.14
In Githunguri t^a farms with large tea holdings are in 

the lowest class. It is quite likely that, as with the'faririer 
with 31,000-stumps in Buret, (in class 4 in Table 24 and 
class 2 in Table 25), these farmers are absentee landlords investr 
ing non-farm income into tea. <a

•vs*
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Table 24 - "Average Number of Tea Stumps per Farm by' KTDA 
’ Managerial Class for Th'ree Divisions in 1969.

•/.

Expected
Management
Bias

KTDA Managerial Class
Division 1 2 3 4

8,602 4,106 3,689 6,146®

6,382 5,752 5,:225 4,814’’ Up

3,610 4,382' 2,489 1,579 Up

Githunguri Up .

Buret
n- .

Nyamira

' a
Two farms (out of 10) had almost 50% of the stimips in this class, 

t) *
One farmer with over 31,000 stumps was omitted. This farmer, a. 
senior civil servant, is^ an absentee landlord.

I
Table 25 - Average Number of Tea Stumps per Farm by Statistically-

B^sed Managerial Class for Three Divisions in 1969.

•n. •>
■ -

fi ^ •Expected 
_ Management 

Bias
Managerial Class®

. Division 1 2 3 4 -Q

b
. , Githunguri 8,833 5,876 4,02|^ 4,927" Up- '

6,657 6,530® -5,727 ' 4,727 UpBuret
<■*'

ilyamira 4,514^ 3,818 3,108 2,440 Upi 'I

®Based on farm effect coefficients.

’^Two farms (out .of 12). have A5% of...the s_tuinps in this class. 

‘®0mits the one farm with over 31,000 stumps.

:•

■X
*
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15 'iSEigures - produces results that parallel 

those of Tabl,^ 24, suggesting that the ranking of farms by the KTDA

- as is done in Table 25

W . .

and by the regression technique are not too dissimilar.

However, the hypothesis that better'farmers plant more tea ' 

cannot he accepted simply on the basis of Tables 24 'and 25 since it 

_ could be countered by the antithesis that there are economies of 

larger farms are better simply because they are larger. ‘ 

More evidence is required on this point, but the change in Nyamira 

between 1966 (Table 22) and 1969 (Table 25) is of particular interest 

• since the ranking of the farmers was done before the 1969 holdings 

Thus the antithesis would be rejected and the

scale:

;

were established.

hypothesis accepted.

Our final conclusion is that, while, in the analysis of the

tea yield data up to* 1966 there is' no strong evidence of management 

bias, there is evidence, in more recent data to suggest that the 

problem is more likely to exist today than it did five years ago.

. This exercise- highlights the disequilibrium situation in 
^ ;the smallholder tea industry with its extremely rapid growth in the 

■ average number of bushes planted per farm. ’ -

il

‘tvV •

%
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CHAPTER VII

LABOUR INPUTS IN TEA PRODUCTION- '

The High Level of Labour Inputs1.

Tea is indeed a labour intensive crop. This is recognised in 

all the standard works on tea cultivation and on the"management of 

tea estates (see, for example 2 and _5) . Only in Russia, and to a

lesser extent ia Japan, has there been much success in mechanizing
' 1'

tea "harvesting'" operations. East Africa, as with the major te'a 

producing countries of India and Ceylon, continues to.rely on manual 

labour for most field operations in tea production. This..is hardly

surprising considering the low opportunity cost of the labour involved.

. ' Among smallholder tea farmers in Kenya, tea, in spite of 'its

recent introduction and the very small size of the tea gardens,

already accounts for a substantial proportion of total labour inputs.

This is shown in Tables 26 and 27 which give a breakdown of the average

annual labour ^inputs in farm and domestic work done by four groups of
2 ' ^

twelve farms in Kericho and Kisii districts. It will be noted that

■t-

1 *
There is an interesting illustration of the type of combine 

harvester used in the Georgian S.S.R. facing p.'703 of This is a 
contrast to the Japanese level of mechanization which involves the 
use of hand-operated shears. , ■ ■

^The information on these 48 farms waj collected during 
' 1965/66 in the detailed farm survey conducted'by the author. The 
farms form the final samplin’g stage of the survey and. were selected*-'' > 
at random from those farms which have been the basis of the major 
portion of the analysis thus far. Twelve of the Kericho farms 
feature here for the first time in this-study. The Konpih Division 
farms were omitted from the earlier analysis because many of the 
farmers in this area had planted tea' prior'to 1959 but these plant­
ings were pooled in the KTDA;statistics.with the 1959 tea stumps. 
Interpo],dSion suggests.that this area has yields jjell below Buret 
but somewhat higher than Gatundu.

i
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Footnotes to Tables 26 and 27

*
Man-equivalent" hours are calculated using the'weights 

Men-= Women = 1, Children = J

This category is insignificant in Kericho District since 
maize and" cattle are the main alternatives. However, among the Kisii 
farms‘it includes pyrethrum, .coffee and passion fruit.

"Livestock" includes indigenous apd European breeds of 
■cattle plus a few,sheep and goats. Most of the time is spent on 
herding, but milking, selling milk and spraying' the cattle is also 
included. , '

V

Includes work'on vegetables, building and repairs, and 
supervision. It do'es not include communal work nor work done by the 
family on hired land (adding 357 hours in Buret, 49 in Konoin, 303 in 
Kitutu and 56 in Nyamira). It also excludes an average 192 hours spent 
chasing monkeys away from the maize in Konoin! ' . .

■s-'r* ... ...

Includes cooking, washing clothes, collecting water and'fire-
wood, etc.

'-1

r'
• •.t

■;

^ ■/ «y

r

. ..._



>■

in the very high-yielding areas bi Buret and Kitutu, which had 

averages of 1.16 and .55 acres of tea respectively, labour inputs 

in tea exceeded those of any other enterprise. Indeed only domes-

In Nyamira,' with lower yields and an 

average of .44'acres of tea, both maize and livestock exceeded tea

tic chores took more time.
. f

labour inputs, while inJConoin, with even lower yields but 1.07

However, the majoracres of tea, oply livestock took more time, 

input in livestock-is in herding which is ilisuatly done by-the

children who would have considerable difficulty with mostyounger

tea operations.

This extremely high labour input- in tea .immediately calls 

into question the as'sumption of the early, chapters of this study.- 

There it was assumed that ctirr'ent labour inputs in'smallholder tea

Given the-were jointly determined with output^^y other' inputs, 

assumption of the high degree of complementarity between labour and 

"capital" (i.e. a weighted addition .oilthe bushes of differing vin-; 

tage-) ift was argued that, provided labour was'not a binding-con-r ,

straint, the use of a modified linear prediction function excluding

It is pur task in thiscurrent labour inputs was a valid approach, 

chapter to test that hypothesis
■

.
2. --iabour Operations and 1-fork Rates

Labour inputs in tea production can be' divided into a num-
, ^

ber of operations. These operations themselves can be, grouped into ^ 

those relating to the establishment (i.e*., digging, planting, pegging, 

mulching):, maintenance (weeding, fertilizer application, pruning) 

and-harvesting (plucking and delivery to'thafi^ing centre)

$

of tea.
'I*-
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Establishment and maintenance labour inputs of earlier periods will 

.undoubtedly have a strong influence bn current outputs Variation! 

in these inputs are likely to be highly correlated to, if not syn­

onymous with, managerial skill." To the extent that this is the case, 

labour inputs do already feature in oiir production functions. It is 

the substantial time lag (two years in the case of establishment and 

one to two years in the case of maintenance inputs) between these 

inputs and Che resultant output that prevents a single year's-cross- 

section data oh labour inputs from being incorporated explicitly into 

a production function. In retrospect, there is no way of recovering 

the labour input data of former years except in the implicit manner 

that has been used. ,\ln other words, establishment and maintenance 

inputs are ag^orm of Eijsed cost which is r^t subject to change‘-in ' 

retroactive manner.

•

^ As tea matures, the major maintenance operations are reduced.

to annual fertilizer application on tea which is over five years of"
«> - . - . '
3 ... ' ■»

age, and pruning which is done once every three years on mature tea.

Thus by far the most important labour input on mature tea is in the

form of. plucking tl>p leaves and the delivery of them to the buying

■centre. .In Tables 28 and 29, which give average annual labour inputs

•i.

. pur farm on tea by the different operation and labour categories.

"digging and planting" and "weeding" will tend Co disappear over time

. while "plucking" and "delivery" bec'ome increasingly important. ..‘■i

- As was indicated in Chapter I, the- campaign to get tea 
farmers to use fertilizer had been ineffective up to the time tb^
which the survey data relates. _ _ _(. >. ...
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Our initial hypothesis as■regards the form of "the production 

function specified,both that labour input in harvesting

labour '^as not a limiting

was deter­

mined by output and other inputs and that 

factor. The first point is fairly straightforward and has been 

implicitly accepted in other studies.^ .Nevertheless, it is worth 

investigating the evidence a little...further in regard to tea. Since 

harvesting labour is logically a function of the number of "two 

leaves and a bud" available to be picked and since regression analy­

sis is neutral as regards the direction of causation, we can esti­

mate the linear equation (VII - 1) although the direction of caus-

ation is i, = F(Q), where L is the total harvesting-labour requirement 

and Q is total output.^ We expect there to be a high degree of cor­

relation between output* ahd labour input. The equation'isr. V

6
Q;/. L.. . U.

where Q. = -the annual output of pounds of green leaf on
, • ^ farm i (i = l,...,47y

aj* = the intercept term

= the marginal product of labour type j (j = 1,..,6)

• L.. = the annual input of labour type j on farm i in hours 

= error term.

(VII - 1) .

... a.
J '■

Ui

"• Thus Massell only, uses weeding labour in the production
functions for African farmers growing annual crops "because labour 

; appeared to be a limiting factor only at.weeding time..." (Massell
8.,.p.206)..

The neutrality as fb the direction of causation is strictly 
true only of orthoginal regression. , With OLS, interchanging depen­
dent and independent .,yariabl.qs will give .different coefficients 
because of. the direction in-which'the.errors are measured and mini­
mised. In the present case, with multiple labour inputs., it is not 
■possible to estimate' these inputs 'from ouWnt. Furthermore, the - 
highly significant coefficients and high R^"'tn^quation (VII-2) ““bug- 

^s resulting ..from reversing the direction of ^gest that the "err. 
causation are tri
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Equation CVII - 1) is linear since tea plucking’ is ,-a peculi-

_ arly. individual affair so that there is no additive relationship/ 

between labour catl^ories. The tjrpes of labour input (hj) those 

, given in the heading to Tables 28 and. 29 with the one exception that

"hired-children" (forTWhom there were few observations) are pooled 

''. -..with family children, Thua'= the farmer,^!. = other family men.

= family women, = all children, =hired men and Lg = hired’ 

The-marginal products (*-52. = a.) should be thought of more■ women.
j■•3L

j
as .work rates per hour than marginal products in the usually accepted

..sense.
p'

Equation VII - 1 was estimated by least squares regression

te'chniques. For our results*to be consistent and unbiased we assume:

i
0

•V . ' ■

0 for i ^ i; (i,j = .1,..,N) 
o-^ for i (i,j =1

.1 ECU'U.)
1 J .N)> • •

y

The strength of these assumptions should be noted since, as
r

■ is the case with so much economic survey work, the measurement of the 

, variables cannot be assumed to be without error. What is implicitly 

assumed- is that these errors ace merely in observation and are inde- 

pendenfci^f Lj.

The results are as follows:’

A

' 'Q =. 60.83 -I- 3.471 + 0.42L + 2.50L + 2.07L + 3.'93L + 3.50L ’
(.348) (4.’157 (.3997.- (4.137. (3.20) (13.71) ,(5.03)

(VII - 2”)= .922 'Sr-. .
■ 'i

where the figures-in parenthesis are-the ratios of the coefficients j- 

to their standard errors..
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A With but.one exception Cfamily men ^ther than.tiie farmer)
,, ‘rt ' ^ T- .

the Work rates C “j ) are highly significant. The- relative sizes of 

the various coefficients make a great deal of sense, hired labour
?. -•

having generally a higher product-per hour, with th^ contrast between - 

hired women and family womenvbeing particularly great.^In general 

one would expect.such-a situation, where the hired women are unencum-.

Thebered by family responsibilities and are probably younger, 

lower work rate of farmers could be explained by the element of

supervision that would go with their plucking and the fact that in

The intercept- is not significantly

It is of interest to note .

most cases they are older men. 

different from zero - which is satisfying.

that were these work rates to be normalised with respect to the

would be close to* the■ average male adult marginal product then we

weighting system commonly used in Kenya and Uganda to calculate man

That is 1 man hour = 1 woman hour ^ 2 hours worked 

(These are the weights used in the labour input tables

i

equivalent units.

Jjy children.
'S<

,ifi this chapter).

The actual sizes of the work rate coefficients are similar

T-

to those found in other tea-producing areas of East Africa. Pudsey O), 

working in the Toro District of Uganda, calculated average, man-equi-

leafiValent plucking rates of between 3.42 and 4.84 pounds of green 
farms with low and high yields respectively.^ The

per hour on.
? conparable figure for Nyeri District in Kenya was 3.2 pounds.per

4^
®This distinction is'an indication .of ■ the tjue direction of .

causation.

Vv• ^
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man-equivalent hour C4)? The KTDA Itself used to believe'that a, 

rate of 10 pounds per hour could be achieved (see section 5(1) .in
I

Appendix I) but has-revised that figure downwards to two’ kilos (4.4 ,

pounds) per hour as being the rate for.a good plucker. In’general, 

plucking rates on the large tea estates are much higher than on 

smallholder farms. Rates of ten^pounds an hour are achieved in 

flush periods by exceptional pluckers while six pounds an hour is 

considered normal. It should come as no surprise that the estates 

achieve theai high rates since their-labour force is composed of 

permanent, rather than casual, workers who have built up-specialist 

skills. Furthei^ore, these workers are generally plucking from 

mature bushes (most of them considerably more than 20 years old) 

which allow higher pluclcing rates because the shoots are' closer, to- 

. gather than on the 'immature bushes of the smallholder.

The close fit of equation (VII - 2) to the data confirms our 

hypothesis of a high degree of correlation between output and hours 

spept plucking tea. However, it is not possible to prove'the direc--i.

tion of causation - this must be deduced from the logic of the 

production.process. The higher work rates on-the tea estates and 

Pudsey's figures p.35) would suggest that the labour input is 

indeed 'a function "of the amount and the density of the available tea 

leaves. Hence, labour input is jointly determined by output and by

the other inputs.

^Since plucking and delivery were pooled in the Nyeri 
Report, an allowance of’'12 per cent was made for the. delivery time.'.

%
- \
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3. Labour- as a Binding Constraint

We turn finally to t^e assumption that harvesting labour
^ .

does not represent a binding constraint. On the face of it- this 

would appear to'be an overly strong assumption considering the high 

total labour inputs .in tea. Where does- this labour come from?” The^ 

answer to this question is of more than passing interest .considering 

the lengthy debates on the existence or otherwise of rural unemploy­

ment and underempIndent. In the African context the topic has been
-t. ,

the subject of at least one conference of social scientists W. The 

conference on "Labour and Leisure in Traditional African Societies".
s ■

S.

suggested four rather different potential sources of labour for new

" (l)^abour idle because of lack of bppor^ ■productive activities; 

tunity, (2) labour employed to yield products and services of low ' 

value, (3) labour employed inefficiently, and (4) lahpur unemployed 

because of illness. " (^, p.4).

,.The conference admitted that in Africa today it is difficult, 

if not impossible^ to find self-contained ,societies which could reason- 

ably be called "traditional". Certainly the tea-producing areas of 

Kenya would not qualify'. However, these four potential-sources ol
9 * .1 -

labour are fairly universal and there is little doubt-ias •'to their ' 

-importartce in the areas investigated in this study. °

Considering the last two items first: the difference in the' 

hourly work rates between estate and smallholder labour indicates 

the-potential for the existing labour force to handle a much bigger 

crop. One might add that the present low levels of productivity are 

in part, an indication that labour is not a'bi^ing constraint.

■ X
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Were it a constraint^, we would expect the labour to hav.e’a ^igh^r

level of productivity - attained by pluckirfg only the easiest (closest)

stages of pregnancy)shoots; The degree of illness (including some 

recorded on the survey farms varied considerably between farms and

between areas and was fap from being insignificant. While only 133 

hours of absence front work due to illness were recorded in Buret,,the

- figure was 376 hours in Konoin,'437 in Kitutu and 514 hours in 

Nyamira.

More important than these potential sources of labour, the
v..

smallholder tea farms have already had to draw on unemployed labour 

(i.e. "labour idle because of lack of opportunity")-'and underemployed 
Telding products and services of low value. It would belabour y

■ id^al to have time-series hlliia on individual farms ;to check on the ,

i'

•i •

re-allocation of labour between, crops, and between leisure and pro­

ductive work, as a tea garden becomes’.more demanding. However, there

is little doubt that the technical nature of tea production at the

- with its relatively even labour profile - necessitates theequator

activation of labour normally seasonally unemployed. Figures 13 and

'-A-

14 show the average weekly labour input on two of the four groups of

The more jagged profile offarms’in Kerichp and Kisii Districts, 

the Kitutu farms (Figure 14) is typical of farms with relatively-

little tea-while the Buret pattern (Figure 13) is- common among farms
8: .

with about an acre of tea.

8,The complete columns in the Kisii figures tend to under=- • 
state the fluctuations in plucking since there is a tendency for^ 
the time spent*weeding to have an inverse correl^Loh with plucking 

The, average size of tea garden in Kitutu was .55 of an acrehours.
while in Buret it was 1.16 acres.
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It is' important to, interpret these labour profiles correctly 

because the conclusion is vital to pur assumption that labour is not 

yet a binding constraint. In terms of the regularity of monthly ’ 

income, tea ,payments may be likened to the "milk cheque" of higher 

platitudes. However, unlike milking, tea plucking is-not a daily 

task on smaller acreages; neither is timeliness of operation quite 

so crucial. Thus a postponement of plucking by two or three days is 

not critical. Any one bush is plucked once every week to two weeks, 

'depending on the season. This pattern is Well illustrated in 

Figure 14. Typically, a farmer with less than an acre of tea will 

arrange to stagger his plucking somewhat but will not be able to 

achieve as even a plucking routine as a farmer With a larger acreage. 

Thus a farmer with about half *aii’acre and two adult pluckers-would . . 

■ pluck, for four'hours on one day in one week .and for the same period
•Q ' ....

on two days the next week. A farmer with the same labour "force and' 

with a mature acre of tea yielding 1,000 pounds of made tea per

would need to work on,his tea on three days'sin each week. One
t ■

concludes that, in spite of the.heavy labour demands of tea, its lack 

of extreme seasonality and the extent to which plucking operations 

can be concentrated on a few days in the week, allows tea to mesh in 

remarkably well with annual crops with bimodal profiles of labour 

requirements.

\

'A' .annum

; ^T.he r'eason for the four hour limitation is discussed in 
moi;^e detail below but a major reason for this is the technical 
necessity-of getting the green leaves to the’buying centre and 
thence to' the factory within six hours of plucking. If tea is 
not delivered promptly,it may start to ferment. This hasan 
adverse effect on the quality'of the f inf shed product. ■
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'it was on the basis of rough calcu®;ions■ as to the plucking 

requirements of tea (and recognising its' other advantages), that'the 

KTDA and its predecessors aimed "to achieve an average of one-acre 

holdings, a size generally considered (to'be) the maximum within the 

capacity of a family unit without employing labour". (_7, p.8). This 

conclusion was also accepted in the report forming the basis of the 

smallholder tea industry in Tanzania (1^). However, it is quite 

clear from this study and from an earlier study*in Nyeri District . (^) 

that, in addition to -mobilizing un- dr under-ei^loyed family labour, 

the introduction of smallholder tea has resulted in the hiring of 

labour on tea gardens of considerably less than- one acre in size.

Only three of the forty eight farms studied in Kericho and Kisii 

• Districts hired no labour for their tea operations. ;

. The amount of hired labour employed- is a functioni of many 

variables. On. the sup^y aide, the opportunity cost of the labour 

is obviously criicjal and, as we’ shall see later^ this cannot be 

gauged simply by comparing the smallholder piece-work rates with 

.'those operative on the estates. The demand for hired labour will - 

depend greatly_'bn the individual family situation: the size and 

plucking:skill of the family labour force; the opportunity cost of 

the family's timel- not only in terms of .other farm or off-farm work 

but also in terms of their leisure preferences. The demand will also 

depend, on the amount of leaf to be plucked. As far as these variables

■

-Ji-

IQ
The Uganda experience is less relevant since the -tea' 

gardens are of a very much larger size and were~never expected 
to be limited to family labour (9^). . " - '

r-

. (

%



-159-

concerned, the .major difference between the four_s.^le groups 

presented in the earlier tables of this chapter is in their average -

In terms of other characteristics the .differ- 

not as great. On a ceteris paribus

are

levels of production, 

ences between the groups are 

assumption. Table 30 gives us an extremely interesting positive 

relationship between the amount of output (or a measure of a mature 

quivalent)' and the percentage of the plucking labour that isacre e N

hired.

Clearly, hired labour is extremely important in the small­

holder tea sector and the KTDA was in error to assume that farmers • '

The KTDA ■

>

would not hire labour until they had about an acre of tea.

•had in mind farmers without off-farm occupations and it is. true that 

the figures in Table 30 aire'’"biased" upward by the existepee

- - -  - of a number of, farmers with offrfarm interests.

range from petty trading in maize arid livestock, shared.duties 

with partners in a water mill, truck or shop, occasional work using. ,

I '

T in'all-

These inter­areas •

ests
.r'

r--

. .tf

carpentry, butldihg or clerical skills, and plucking tea on the

to elected positions on cooperatj.ves, primary school teach-

‘i'

estates,

ing and sub-chief duties, and on up to full time university students.
...r- .

Assistant Managers on tea estates and'high-ranking Civil Servants',
;

The existence of off-farm occupations is too common to be considered 

Indeed one is hard put to find the KTDA's.model farmer.exceptional.

Possibly the largest tea farmer in Nyamra fits the bill since, with

cent of his .1.21 mature acre equivalents^ he only hired five per 
- - - -

pluming laboiir. But then he had four .-^adults on the fprm and two of 

his cl^ldren were old enough to help with the plucking.

■ --------------------

«-
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Whether or not'a fariner"epuld~manage_W,i;thqut hiring labour 

for plucking is somewhat of an academic "question since, most farmers 

actually do hire labour. Does this imp!^ that labour is a binding 

constraint? One suspects not since hired labour was, and still is, 

available' at extremely Ipw rates. - ;

At the time of the survey, piece-rate labour was' paid between
■ ■ • t>

six and nine (Kenya) cents per pound of green leaf. At this rate 

"labour was forthcoming although the plucking period was only for four 

hours in the day. The attraction of such casual work, particularly 

among the farmers in-Kisii,-was that the rest of the day. was left for.
■sJ ^

the labourers to look after their own shambas (Swahili : farm), ^ At 

the same time^ regula3|_ (full-time) male labourers were hired for a
. _ _ iijS, _ -" . ' . . . . “ , 

maximum df 60 shillings per month inclusive of maize-meal rations.- ■' 

The pay was typically 45 shillings cash and the equivalent of 15. 

shillings in rations. Such labour was used on all crops but if there 

were sufficient tea to be plucked regularly for four hours on four ,

. days, of the we'hk_.,jthen tea alone would almost pay the full 60 shillings}^ 

However,'cn%^technical constraint of transporting tea to the 

factory from widely scattered buying centres within a restricted time 

period could well impose an indirect labour constraint in the 1970.'s.

The collection, procedure usdd at present is for KTDA trucks to leave 

_the factory on .their outward jotirney. early in the morning^, dropping

c ■

i"

11
One worker plucking for fopr hours on four days per.week 

at. the rate of four pounds of leaf per hour would bring' in almost 
60/- per month if._qnly the net payment of 23 cents were counted. Jn 

- “ the--meantime the farmer would be having his tea loan paid off (10c 
. per pound), he woulc^nsually receive a second, additional, payment 
of up to 10 cents pef pound arid he would have "free" labour''for 
other tea operations and for his other crops.

f" •

. ie-
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Off buying clerks (collectors)' at each buying centre to be visited
_ _ _ ' 1,, • t ' ' ,

that day. The return journey, on whiclTthe',gfeen1eaf^‘and“the-buy-
12 . ■

ing clerks are collected, is started about 1 or 2 p.m. and finishes
. 3_3 '

at the factory between 5 and 6 p.m. - weather permitting,. Initially 
'* ■* ■»' . * 

a new buying centre.is visited' on one day a week and then on addition-

al days as the deliveries of green leaf gradually increase as the

tea bushes in the area'become more mature. Eventually visits are

made on a daily basis.

Ih late 1966, after the survey iin which this chapter is based 

was completed, the KTDA concluded thaj: the erection of buying-centres 

such that farmers were within a radius of one mile was uneconomic in

terms of their personnel and transport. The maximum distance a far- 

mer. should have to transport his tea is now laid down to be three 

miles. This reorganization was achieved not by closing buying cen­

tres but by delaying daily visits until a particular buying dentre 

had regular deliveries of 6,000 pounds of leaf per day. This means
- ^■a. . 12

At the time of the-survey this procedure was being used in 
Kiambu but a more time-consuming "bus stop" method (where the buying 
clerks remained with the truck) was the'.practice in Kerichp and Kisii.

1*3 '
Almost by definition, a tea-growing area has a high rain­

fall. The effect of rain on unpaved rural roads can be imagined. It 
is not a rare event for the KTDAs four-ton trucks to become, bogged 
down in the mud - in spite of the fact that the trucks have four-,- 
wheel drive and low ratio gears. l-Jhen a truck does become stuck the 
buying, clerks have to ensure that the green leaf-ds regularly turned 
to prevent fermentation. The turning is made easier by the fact 
that the leaf is kept in hessian bags hung on Hooks on upright metal 
po'les built between the floor and roof, of the truck (the. truck has 

■ open .sides to assist in the circulation of.'air through the leaves).
By such turning the 'life' of the plucked* leaf can be extended by a 
few hours beyond the optimal six-'hours. .. , - - - -  . - -.  . '- __

<■

t
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N

tha.t the farmer who does pluck daily can deliver his leaf to a

nearby centre on-two or three days in the, week but must deliver to

more distant centres on-tl^e other days.

Green leaf is^a bulky crop to transport for it must^otf7Be"^f*^

crushed. Generally a head-load in a wickerwork basket is about 25

to 30 poimds, although where bicycles can be used two baskets weighing
14

The survey farmers
c». , “

spent an average of one to two hours per person per delivery on,the 

delivery of their tea. The actual Walking on the outward journey 

rarely took more than three quarters of an hour. The time spent at 

the buying centre varied greatly depending on the arrival times of 

the other growers. A grower living a mile from the buying centre 

would generally stop plucking atT’least ah hour before the buying' 

centre closed. For many farmers the new collection sched^es mean 

that plucking must stop at least one and a half if not two hours

a total of 50 to 60 pounds may be carried.

-i.

r\

before closure "time. The KTDA is well aware that its present col-

lection schedules are far from ideal for many farmers but it can 

find no suitable solution while buying centres are scattered at 

great distances (up to sixty'miles) from the factories. Only as 

production increases and more factories are built will it be possible ■ 

to improve the situation.
■ i

;

14
As a precaution against the crushing of green leaf, the 

estates do not permit pluckers to carry more than 12 guilds in 
their plucking baskets.- These baskets are designed-'With this 
weight in mind '"and are considerably smaller than the baskets used 
by smallholders to transport leaf.

15 « '. . —
Of the seventeen smallholder factory sites shown on 

map in_Chapter I only seven had been built on by 1970.

t

•die ^
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A typical fanner is going to cease* plucking about mid-iayi 

This allows a hired worker -to pluck for a niaximunl of about five 

hours in the day (from 7 a.mi. to 12 noon). The range is between 

three and a half and five and a half hours in a day - depending on 

the distance of the farm from the buying centre and the distance of

The length of time-for pluck­

ing by family members tends to be even more restricted. 'A family 

that has to milk cows in the morning, cook breakfast and prepare 

children for school, as well as' complete other household chores, will 

find it difficult to start plucking much before 8 a.m.

, A four to five hour plucking day, might be ideal for family 

and part-time hired workers. Also it might suit farmers employing full-

time workers when .they have sufficient other farm work for' the labour. ' '
to do. But, as more and more smallholders start growing tea or 

expand their existing acreages,, the exogenous constraint on the length 

of the plucking time is likely to impose an indirect labour constraint 

at the-farm level.

On the tea estates, pluckers are assured of An eight hour 

working day because the large gardens and the close proximity of the 

factory allows many' collections of the green leaf . The current estate 

piece-work wage rat^ is 10 cents per pound of leaf;

the buying centre from the factory.

17 ;
At an average

’ 16
Fot reasons of equity this latter point is- less important 

than it could be because no buying cAntre -even if it is right next 
to the factory - is'allowed to remain open'for leaf purchase after 
3 p.m. -

Estate, labour is, however, required to pluck'at least 40 
pounds a day in order to qualify for the monthly wage pf 90 shillings 
(about $13 U.S.). Most pluckers qualify for much more than this' 
minimum, -and are paid~accordingly-. - - - - - -  - -

-Ti.-.-
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plucking rate of six pounds an hour ,this would give a daily cash 

wage of 4/80 shillings. This is considerably more than the legal 

minimum wage of 2/95 shillings’per day for agricultural labour.

Making-hhe optimistic assumption'that smallholders pluck 

five pounds an hour for five hours a day, and that they pay their 

hired workers at the shine rate of 10 cents per pound, these workers .

could make 2/50 per day/ In a six day working week .Jvfliich .the KTDA
-

collection schedules allow) a plucker could earn a cash wage of

15 shillings per week or 60 shillings per month. This figure equals
18

the present opportunity cost of hired labour in the rural areas

. ■■ : but if the more realistic sizes of the parameters given earlier

(four pounds an hour-for four hours a day for four days a week) are

used, the daily wage is only 1/60 shillings and the monthly wage but

25/60. Clearly, in these circumstances, the labour must either be,

employed part-time or be given other farm.work. There is still •

scope’on both these scores since, unlike most estates, the snjall-
ho^ers do employ women pluckers for whom a short plucking day is ,

19 ^
By 1^76 it would appear that the maximum 

, demand by smallholder tea growers for part-time hired labour would

particularly convenient.

amount to about ten per cent of the available labour force in the tea-

18
A-wage of sixty shillings for full-time hired labour .in 

the smallholder sector may he preferred to the higher.estate wages 
because of the more congenial (less authoritarian) working cianditions 
and the usual provision of a small subsistence garden.

, . . ^^In Kericho District (Buret and Konoin Divisions) the 
employment of full-time male workers (usually of the Jaluo tribe)‘is 
the-’cOmmon'practice. Thi^partly explains.the"low (less than 10 per 
cent) proportion, of femal^hired' labbur. -In Kisii District the,

■ practice is to'employ people from Kisii itself thus giving more scope
to the hiring of women. ItTKi tutu about half of the" plueking""done- ' ' —
by hired workers was done by women (see Table 29).

- - V
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20'
This requirement does not seem unduly high although 

in certain Districts, which have a particularly high proportion of ' 

their land devoted to tea, 'a shortage of such labour might become 

acute. However,.in such cases, the very density of the tea gardens 

should allow the KTDA to introduce a more flexible collection ‘ 

schedule with more than one pick-up per day. This in turn'would 

encourage the use of more full-time labourers. Clearly a move in 

this direction will be necessary if labour is not to become a binding 

constraint in the smallholder sector of the tea industry.

growing areas.

» ■

A.

''1

V

•i-

20
By 1976 60,000 acres of tea should be yielding about 

60 million pounds of made tea -or 270 million pounds of green leaf. 
Plucking at a rate of 3.5 pounds per hour for 16 hours per week for 
50 weeks implies a total requirement of 100,000 persdns.. If one- 
third of the plucking is done by part-time hired labour then 33,000 
such workers would be required. Using the 1962 census figures for 
the populations of the twelve tea Districts, 'and allpwing for a 3 per 
cent rate-of population growth, their total population will be about 
.4 million. With the present rapid growth of vpopulation half, this * 
number would be too young for plucking. If, .in addition, only-a 
quarter of this population is actually in, or in easy reach of, tea- .

. growing .areas within each District, 'then the 33,000 workers would be 
• drawn from a potential labour force of 350,000 - djie allowance being 

made for the actual tea farmers and their wives.
!'• ^ -
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- CHAPTER Vlli

SUMMARY AND CONCLUSIONS

The smallholder sector of the Kenya tea industry is in the 

midst of a very rapid expansion programme. Starting with barely two 

thousand acres in 1960, the sector has .expanded to about thirty

It is planned that this figure should be 

raised,to sixty thousand by 1975, by which date half the national tea

0-

thousand acres in 1970

acreage will be.in the hands of African farmers. The expansion of 

the sectoY has occurred because of the removal of the legal and,tech­

nical constraints that forme.rly prevented the smallscale farmer from 

participating in the growing of a crop that flourished on the large 

estates. The removal,’of these constraints has been a major function - 

of a public bi-lateral monopoly^,^^^^« Kenya Tea Development Authority 

' (KTDA). , . . .

Thus, the developments of the last ten years have been j. 

symptomatic of an adjustment to a situation of disequilibrium. It.is 

not that tea prices have suddenly become more favourable. If anything, 

the relative price of tea has fallen over the period in harmony with 

the excess supply situation that has been developing oh the wofld tea 

> -markets. The.climax_to these events has been the signing of a new 

■‘International Tea Agreement in 1970. Under this agreement, Kenya has 

an export quota of 76 million pounds of made tea. This would appear 

to compare favourably with the record export in "1969 of 72.6 million 

pounds. Ho-whver,, even without Yhe additional plantings planned for
_

the next five, years, Kenya's output, of tea will^expand rapidly as the

bushes, planted in ever-increasing numbers 6ver. the last ten years. ■ -J
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reach maturity. In these circumstances, knowledge of the rate of

maturation of the tea plant hecomes important if predictions of out-

.^put are to'be made. Besides their importance withjjrespect to Kenya's
\ ^ ' -- ' .

obligations under the Tea Agreement, these predictions are needed for
'' i ' ! ' " *

the optimal phasing of factory construction, the pi^^ision- of trans- 

.pprt and the calculation of international debt repayment schedules.

The-major burden of this study has been the specification and 

^timation df a multi-period "production function for smallholder tea 

in Kenya (Chapters II and III). The most important subset of vari- 

ables considered was the number and age distribution of the stock, of 

tea bushes, on a random sample of tea farms. An important consequence 

of this was the derivation, from the function, of tea yield coeff- 

icients fom hushes of differing ages. These coefficients were then 

iilsed.^as a basis for ex post predictions of output for a separate 

. sample of farms. . The predictions were then compared with those 

.obtained by the KTDA. In all cases the statistically derived yield 

coefficients gave much more accurate predictions of output.

'‘However, the-'doefficients obtained in this study (and indeed/ 

any that could be obtained for planting data up to 1967 and output 

data-to 1969) cannot be assumed to remain constant for the future.

Two specific changes in technology are taking place. In the-first

instance,-new planting material is now vegetativelv propagated (VP)_ _ _

and, being based on specially selected clones, promises to provide _ i' 

substantially higher yields. Secondly, the KTDA is now actively 

. promoting the use. of fertilizer. The production"function developeS 

in this study can be modified to handle .both^these changes. "VP" 

plants can be introduced as a new set of variabj^s.

* ■

{-

—-jr"

•

Thus we have:
e-
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9 10
(VIII - I)= f ^ “it^it

>

The only change from the equations contained in the body of the study 

. is the introduction of the asterisked terms: • •
•»!»

is the "ratio coefficient" showing the contribution 
to the overall yiel3 (’^•P of the proportion of the 
total stock of bushes tftat are vegetatively propa­
gated and^^are k years of age (K = 3,.., 9) .

. is the proportion the total stock of tea busheSj^
^ that are VP and are k years of age (K = 3,..., 9) 

on farm i in year t. .

The production function, both here and in previous chapters,

includes the use of dummy farm variables which are used to estimate

*

P*.

the farm (managenlen^ effectt.'Soefficients. These variables were 

included both as a precaution against management bias and as a check

Py 1966 there was littleon the technical! efficiency of farmerSi

evidence that better farmers had^ actually planted larger acreages of 

tea but by 1969 a clear pattern along these lines had emerged, 

there was an-indication - which needs further investigation - that 

higher yields, pf larger tea farms are due to the skills of these 

farmers and not to economies of scale.

Thus

^VP bushes start yielding one year earlier and achieve 
maturity one year before bushes grown from seed. For the ninth 
year and beyond all bushes,- because_^hey are mature,-will be in 

“bhe'^^teg6ry7~~~Arternatively Thefe^ courd“5e three categories of: 
mature bushes, one category for each of tbe three years in a"

' pruning cycle. P*

r

is omitted to avoid a singular moment matrix.
2it

_
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In the present situation of disequilibrium, there is little 

, purpose in investigating the allocative efficiency o| the farmers. 

Technical efficiency is, however, important -as the KXDA's own 

attempts tp- measure it show. We concluded that, while there were 

differences in technical efficiency between areas, these differences-

.did not follow the clear pattern established by the KTDA’s measure 

. -whereby lower-yielding areas were considered to be less efficient.

Our results suggested that the KTDA's system of grading farmers has 

a Jjuilt-in ecological bias.

Because of the essential linearity of the production process, 

the management effect could not be conveniently introduced so as to 

have a multiplicative effect on yields (though this is possible using 

an iterative procedure). Although it is also not-entirely satis­

factory, the actual’procedure adopte'd could now be used to check on 

. the effectiveness of' the application of nitrogen fertilizer compounds. 

These "have been imported in increasing quantities during the last two 

years b/ the tea estates and are.now being more actively promoted by. 

•the KTDA.^ Equation (VIII - 1) can be rewritten so as to include a

' <P

fertilizer variable:

= ^oi (VIII - 2).YF . ze*P* . Z3j;pj^it
' k .. k

F^|, is the number of pUunds of fertilizer applied by 
^ farm i in year t.

■H u
it

—-

where

is the marginal contribution to yield of a pound 
of- fertilizer j '

rI-

3F

9
Imporfs of feftirizef compounds used exhiusively:'on tea-T ' " 

(these are 25-5-5, '25-10-10 and 20-^l0-lp, NPK) as estimated from 
fertilizer subsidy claims, were for the period. July/June in 1967/68, 
4738 metric tons; 1968/69, 9027 m.t. and 1969/m,J.3^289 m.t. Only 
about 1,100 m.t. were usqd by the KTDA in 1969. .

-v-
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Since (VIII - 3)
-(’ »

k=2
+ -2 t !kit
k=3

is the nuitiber of VP tea bushes of age k on farm i 
in year t.

then equation (VIII - 2) .can be rewritten by dividing through the 

right hand side’by the denominator of (VIII - 3). Recognising that

where

•E

the fertilizer is only applied to tea abushes of five years age and

older, and collecting the terms, we get:
i

1 fei" <t) 'i 9 /
2 ( 8'. 

k=5V
= B'.V^. +

^oi 2it. Qit kit• i .

.* * “ih
10,

' {Ki * K + YF . - + e. 
It Itit ^ it

k=5

(VIII - 4)

• By taking the average farm effect and by re-defining our terms 

in the manner done in Chapter III,,, (VIII - 4) can be simplified^for' 

prediction purposes to:

9 10

^ ^ ®k\t
k=3

9

" V= 6,.v.
k=2 ‘ .

^t + Xr
k kt lot

. 4
(VIII - 5)+ e.

It
4 -

&■■■

;
Q|_ is the total output for the particular tea growing area 

in year d . '
where

8, and Bv. ate- the "natural" yields of VP and seedling bushes 
- °£ ale k. , Bj^ = (B'„ . 8$) and Bj, = (8', . 8^;) ■'

X'*i
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The last terra (ignoring.the error term) gives the contribution to 

total output gained by the application of fertilizer to bushes (both 

VP and-seedling) which are five years of age and older.

Fertilizer is seen in these equations to have an additive » 

effect on yields. Thus, in addition to the "natural" yield of a 

bush (or an acre of such bushes), there is the output attributable 

to the application of fertilizer. I^would be more desirable to 

have fertilizer enter into an equation in both a curvalinear- and a 

multiplicative manner. The first problem is simply solved by inclu­

ding higher order terms for fertilizer inputs in equation (VIII - 2)?

The second problem can only be solved once' the natural yield para­

meters for an area have been established.
i-'Ss

Then the "necessary weights 

would be available for the calculation .of a "mature bush (or acre, .. 

hectare, etc) equivalent". This could then enter as. one of the argu- . 

ments - along with fertilizer - in a Cobb-Douglas or CES production ■.

function.

- The equations presented in the early chapters and 'in the 

conclusions omit labour as-an explanatory-variable except in so far 

as it is implicitly included in the management variable, 

indeed a labour intensive crop but, it was argued (in Chapter VII), 

the labour input is jointly determined by output and the other 

inputs. During the period analysed'in this' study labour was not 

considered a binding constraint so that its exclusion from ^he-pro- 

duction function was cdffect. Howe-ver, smaUhqlder farmers hire, 

much more labour than was envisaged by the KTDA and it is possible

Tea is

a •

2 • . -f- .. . ' t;-'----—— - - - - - - - - - - - - - - - - - - :

^ Given the very low levels of fertilizer currehtly used by 
the smallholder fafmers it is_highly unlikely that additional terms 

. would be significant.

tv



n

-174-

that the collection schedules' of the Authority, by,limiting the
. • .

length of a "plucking day" to about five hours, may indirecj:ly cause 

labohr to become a binding constraint in the future - particularly 

if the labour/tea price ratio should increase significantly.

The techniques developed in thisgtudy for the estimation of 

.the yield parameters of perennial crops have general validity in 

cases where labour is not a binding constraint. An assumption along'* 

these lines is probably realistic for most of the perennial crops 

produced in the tropics and, since the data demands are not excessive, 

it'should now be possible to estimate more accurately, the yield per-
‘ •V ' ' „ '

formance of such" crops under ■ a wide‘range of field conditions, 

is clearly of interest not only to the agricultural botanist but 

also to the economist concerned with the optimum allocation of „

• resources. The economist is also interested in knowing the para­

meters of the lag between investment decisions and the resulting out­

put. By knowing the life cycle of a perennial crop the economist is - 

more able to assess the true supply response of farmers to changing,- - 

producer prices (1^).

- The Kenya population is estimated to be gtpwing at over 
three per cent-per annum. Given that ninety per c^t of the popu­

lation live in the rural, areas and that the urban population is
« c'-: ■ • . . - ,t . •

growing at six per cent per annum, the vast majority of ..the increase

. in:the total population will have to be absorbed in the rural areas.
, . . . . . . . . . . ' ■ "
The^prpblems created by this situation become particularly acute in

situations where land is scarce and expectations' are rising rapidly.-

The Kenya Conference on Education,..Employment and Rural Development
-. •---. /. . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . .

. (£) found no easy solutions, but among, its agfiepltural recommendations

;

This

,4*

‘A-
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it pointed out the need to concentrate on labour-intensive techno-
■ • J

logy and to rely on the profit motive of farmers.

' intensive in an almost unique manner among agricultural crops: it 

is harvested throughout the year, providing^regular, rather than
J

seasonal, employment for the farmers, their hired labour, the wage 

'' labour of the factories, and the associated transport network - 

of whom are, necessarily, located in the rural areas. In this

respect alone the crop is of tremendous significance to Kenya,-.. 'The^_

solution of many of the technical difficulties inherent in tea as a

Tea is labour-

all '

smallholder crop (2) has resulted in an important redistribution of

This redistribution has occurred in the■ incomes within the country.

most constructive manner possibl^since ifew productive capacity has. 

been created in many .areas of^he country. While it is also dlear

that the potential in tprms of available land has hardly been 

touched (2), the possibility of tea remaining a profitatle crop and 

hence of tea exports acting as a classic "engine of growth" for the
- ...J ^

rural'areas appears to be severely limited by a weak international 

market.

i.

Tea in general has low price and income elasticities of 

demand (3, p.217).^ 'however, the world market is not for a single 

undifferentiated productj Quality is a significant fac&r and in 

' recent^years Kenya teas have improved their relative position

! j ■ ■ ■■

■ ^ ’As the FAQ commodity review' makes clear., the income efasH 
ticity of demand for tea in the less developed countries-is sub- 
tially higher than in ,the developed countries <2, ,p.23) .- 0 -
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i! I
•S

vis-a-vis Ceylonese and Indian teas;^ Having but a small share of ' -

Ithe world market, the high quality teas being produced in Kenya 

would seem assured of a ■^reasonable future. However, Kenya is not «1

alone in realising the attractions of tea as a smallholder crop when 

it' is effectively organized. 1i
In addition to the expansion programmes'

1 »

in all the East Afritam countries, the giants of the industry - India

and Ceylon - are also, anxious to expand the level bf their tea 

exports since the crop is a major source of foreign exchange p and 5). 

" The future policies of India are likely to -be crucial for the develop- 

■’ment of the industry in East Africa (3). India is by far the largest 

tea producer but nearly half her current production is consumed 

domestically. If India allows domestic consumption to continue to 

increase, gradually reducing the share, and absolute amount, of her 

crop going for export -as did Pakistan before her - then the build­

up' of the smallholder tea industry in Kenya may turn out to be one of 

the most significant agricultural development schemes in Africa since 

the Second World War. * ' —

^■1

1
I
iI

■■is

i
1

am
I

.u
*

I
■li

Thus there has been a steady upward trend in relative prices. 
o3#,^xpressi*ng the price per pound irealised in London by Kenya teas

percentage of the prices realised by Ceylon and North East Indian teas",-' ' 
-the following, figures are representative of qhe trend:

■ ' .,s, ,, .

. r% of Ceylon price

as a

'=1
fl

Year %-of N.E. India price
-1I960

100.0

---- 86.5------ m. .1965 : ----------------- „

94.3 ■■r 1106.71969

liSource: P, p.25)

ili
»
ii
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. APPENDIX rA

KENYA TEA DEVELOPMENT AUTHORITY INSTRUCTIONS. ON

TIPPING AND PLUCKING

■

1. TIPPING

(1) After pruning,' the bushes grow undisturbed for about 12 
weeks and are then 'tipped in' to form a flat top or 
plucking table: to start with^ the height of the table 
should be S' inches above the level of the prune, or 20. 
inches above ground, whichever is the.greater.

(2) Tbe reason for tipping in 8 inches above the prune is to 
ensure sufficient 'maintenance', leaf between" the main 
frame and plucking table, which is essential for the 
health and productivity of the bush. Tipping in at less 
than 8" is a common fault on many smallholder gardens 
and'is 3 probable cause of low yields after the first 
year of tbe cycle.

(3) Before tipping, the new branches are allowed to grow two 
leaves and a bud (i..e. about 2" -3") abpye the required 
height of the table so that the first plucking brings 
the level down to the correct height.' Af ter" removal of 
the tip, remaining lengths of ".stem, which, have grown too 

■ tall are broken back to the right height. All necessary 
breaking back is done at the same time as the tipping, 
not later.. •

■'v.- :

.. C

i
(4) The leaves and stems discarded from breaking back -

represent a was^e of growth and the amount thrown away 
should be kept to a minimum by tipping in during several 
plucking rounds. ’ • J’ ' ’

t;

10 a
(5) The plucking table should be formed parallel to the

slope of the ground. To achieve this, two forked sticks 
are cut at the required height and placed upright in the 
centre^.of too bushes in adjoining rows. A stick placed 
^in the forks, up and down the slope, shows the correct,

. . . 'EeigITirahd"ahgl'¥'bf slope (see. diagram)T^Ti^Srg inT:
. should always be done .•with the. aid of two measuring

sticks, never by eye. A single T shap'ed measuring stick 
is unsuitable because when placed in the middle of a 

‘ bush it |iv^s only the height but not ^e sl^jpeToK the 
table. The. use of single measuring sticks/bas''^resblt.ed 
in undesirable 'stepped'' growth on steep ^o'pes in^g^x^./ 
k.T.D.A. gardens.

^ t..,.- ' ■■

•i

.

(L
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2. PLUCKING

(1) In the development of a tea shoot, periods of active growth 
alternate with periods of resting or dormancy:. When a bud . 
begins to unfold, the first one' or two leaves are usually 
very small rudimentajry 'scale' leaves, oval in shape and ‘ 
not serrated: sometimes called the .|janam' „( birth leaf - 
-Assamese). These are occasionally, but hot always, followed 
by a mal-formed leaf, partially serrated-.and rather ro.unded: 
sometimes'called the 'fish' leaf or 'gol-pat'' ( round leaf - 
Assamese) - see diagram below. These rudimentary leaves'are 
followed by the true serrated leaves which may number about 
five, sometimes more and sometimes less. At the end of any “ 
active, growth'period the shoot enters, .another resting, phase, 
fJSiown as 'banjhi] easily recognised from> the size of the bud 
which is generally less than half.the length of the mature 
leaf^below it. In an active growing shoot the bud is much 
larger. A high proportion of banjhi shoots indicates a 
resting period which may sometimes, but not always, be the 
result of over-plucking or other bad management.

r

f

■. •/

Pluck here
0

Birth Leaf

V

- . ..(2) The. K.T.D.A. requires 'fine plucking' in which only two true
- - - - .- -(serrated) leaves and_a_bud-..ar.e_tak.e!n,_as.distinct from,_ _ _ _ _

'coarse plucking' in which three leaves and a bud are hafvest- 
; ed; Fine plucking is essential for the making of high quality

tea. A slightly opened'bud, in which a third.leaf is just 
starting to unfold, is acceptable at'the buying centres, but 
banjhi shoots and shoots with three leaves and a bud should 

ea be rejected.
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It is sometimes argued that fine plucking gives a lower 
yield than coarse plucking, but there is no conclusive 
evidence to support this in Kenya at the time of writing”.

<
(3) The following rules must be carefully observed:-

(a) - Except when it is wanted to- raise the height of the~
bush, 'hard plucking' should be practjiced in which 
all shoots are taken off down to the level of the 

_ .table.

(b) Plucking shonld never in any circumstances be below 
the level of the table.

\

/ ■

1

(c) A shoot should never be plucked off- below the fish
leaf, if there is one. Breaking back below the 
rudimentary leaves is only done occasionally if 

- essential to restore the evenness of-the^table. -
'r\>

(d) Hard plucking should be continued until the bush 
begins to show signs of 'crovffeet', i.e. the 
appearance of numerous twiggy stems near the 

• surface of the table - and a falling off in yield.
As soon as these symptoms of over-plucking start 
to show, the tfuohes must'bd rested and the top 
canopy of maintenance leaf renewed by raising the 
level of the table, as described in paragraph 

'■ (5) (b) below.

(4) Much crop,and consequently profit, is lost in K.T.D.A. 
gardens through inefficient management. Common faults 
are:- ’

'S^

(a) Under-Plucking, in which the .plucking round is too
slow - resulting in needless waste of leaf “and the 
plucking table rising too rapidly. This is espec­
ially likely to. occur after, nitfogen application 
when growth is fast. .  ...

(b) Careless plucking, in.which shoots are overlooked 
and left on the bush.
r-

(c)- -Sver-Plucking, or hard plucking for- too. long - 
without a rest; leading to crowsTeetrdVnud'ed 
tables, .and low yields.' f

f

tV
✓

\

%I?
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(5) The poor condition of the plucking table, resulting from 
' these faults, is corrected as follows;--

(a) Unevenness. Avoid severe breaking back to re-form
a table once it has been lost through under-plucking 
or carelessness. "There may be some breaking back of 
the tallest stems but, apart front minor adjustments, 
the tatle should be left as it is until the next 
prune. On no- account should heavy breaking back or 
'skiffing' (described later in General paragraph (11)') 
be resorted to as these may only increase the loss.

(b) Over-plucked denuded tables. When the symptoms, 
•described in paragraph (2) (d) and (4) (c), start to 
appear, the table should be raised 1" - 2" by allow­
ing the shoots to grow taller (up to three true 
Igaves and a bud), during one plucking round, and 
the tips then broken off immediately above the third 
leaf which is left on the bush to form a new canopy.
This is sometimes referred to as 'plucking over a 
leaf'. ,

(6) - Plucking tables must be as level as possible at all times.-
Unevenness results in loss of crop because shoots produced 
in the hollows tend””dJ be missed. A level table can best ' 
be maintained placing a straight stick across, the tops 
of the bushes when plucking; and this is especially useful 
as-a guide to height if any breaking back is"necessary.

(7) As a rough guide the plucking round should be about 5-7
days during the flush season, decreasing to 10- d|yd or , . 
-longer'at other times. ' '

(8) Side shoots should never be removed. Tlife aim is always
to encourage maximum .spread of the bush. If side plucking 
occurs, lateral growth is retarded, and-yields reducedi

(9) , During a three year cycle the level of the table should '
rise by about 1 foot, or 4 inches a year, under hard 
plucking^ allowing for occasionally plucking over a leaf.'
Any greater rise indicates under-plucking and loss of 

, crop.. , - -

(10) Breaking back, when necessary-fof"ma$htaining' the'table-,'“ — 
should occur immediately after the bush has been plucked 
and not 'as a separate operation later on. -Under efficient 
management, only one or two shoots at most should require 
breaking 'back on each bush. The need for more than this 
indicates carelessness during the previous round.

CCS?
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(11) After hail, frost, or other severe set-backs, raise the 
table by about 2" to renew the maintenance leaf, as 
described in paragraph (5) (b) abo^e.

Skiffing', or shallow slashing of top grovfth, should 
never be practiced. This is sometimes done to reduce 
the height of plucking tables or to level off unevenness. 
Skiffing usually results in a flush of new leaf followed ^ 
by ptolonged dormancy and reduced yield-.

GENERAL

O’

(12)
-.1 ‘

(1) I'/hen outside labour is employed, payment is best made 
according to the weight of leaf plucked - not on a monthly 
basis. Current rates vai^ between 6-9 cents per pound, 
of green leaf. If monthly paid labour is used, the 
minimum task.should be 30 - 40 pounds of green leaf daily - 
(depending on the locality and circumstances), plus an 
additional payment at the standard rates for any leaf 
plucked over the minimum. An experienced worker shOuld
be_ able to pluck about l/5th acre daily during the flush 
season, bringing in about 50 - 70 pounds of leaf and 
spending approximately J - I minute on each bush.

(2) Proper,,plucking basketw^ehould be used, carried on the 
back. A bag carried in one hand slows down the work and 
is ineffifcient; furthermore, since the bag is Usually 
dragged oh the ground, it may result in bruising of the 
leaf and loss of quality.

A . , .

(3) Green leaf should never be pressed down hardjat^he basket, 
otherwise it starts to ferment and turns red. Red leaf 
makes poor tea and is refused at buying centres. Leaf 
must be kept cool and shaded while awaiting transport.

«

(4) Finally, it must be stressed that efficient plucking, on 
which the whole enterprise depends, can only be achieved 
by constant watch over the growing crop, followed by 
cAreful supervision of labour.

A

.1^

KTDA
Nairobi;.:,
23rd December, 1964.
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APPENDIX II

MODELS WITH ADdiTIVE FARM EFFECTS' -

AND YEAR EFFECTS

Mf ■:

Among the alternative models discussed in Chapter III were 

those with output as the dependent variable and actual plantings as 

the independent variables, together with dimmy variables for farm 

and year effects. The two models, which we called Model I and-Model ■ . 

II, were rejected because of (the additive manner in which the manage- 

ment variables entered the production function and because of the

probable heteroscedastic distribution of the'error term. The models-

are;
•9-

t

Model I

oot -^ ^k>Ei-Qi, = B.. - 6 it ^ '^itOL

*

Model II
7

9ib = ^oi ^ ^f3^Ait + e.
It

is the output of pounds of green leaf on farm i 
'■ in, year t (i = 1 to N)

X^. is the number of tea stumps of age k on-^farm i 
^ in year t (t = 1961/62 to 1965/66)

.is the yield coefficient of sftidl|is of age k years 
(k = 3 to 7)

-■p- - - - - - - - - - - - - . . . . . . . . . ■ ; . . . . . . . . . . . -

is the farm effect coefficient oA- farm i

where •^it

^i -4S3

is -the year effect coefficient for year t... • 6.oot

. -183-

V
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<■

is- .



■ *■. •

-184-
>5 ■' ■

. In spite of the unsatisfactory nature of the specification
a

of these functions, the results obtained from the estimation-of the

these models gave predictiveyield coefficients (Bj^) showed that even 

results superior’ to' those obtained by the KTDA. This Appendix gives '

the values of 'the estimated coefficients in Tables A-1 and A-2 for

the models relevant to each
■j

Model I, which includes the year effect variables, was only
. . .

Only four of the five years havesignificant in Buret and Kitutu. 

coefficients since the fifth (dummy).year variable was omitted,to

avoid a singular-matrix of the input variables (and hence a singular 

moment matrix). Ranking the year effects of the four.relevant years 

in Table A-2‘and Table 11 Un Chapter IV) shows that the rankings '

„ derived from Models I .end III aSCViiot'the same. With only four 

observations it is not possible to come to more meaningful conclusions 

■ other than to note "two thing?: first, that the' rankings of the year

effects in Model III conform more closely to the ranking‘»‘&'f rainfall

"Secondly, 1963/64 conti-than do the rankings derived from Model I. 

nued to be the worst year •’• probably for the reasons advanced in the 

text. Given the lack of significance of the individual coefficients

‘A-

for Buret and tlie^unsatisfactory rankings, the results for Model II

For ease of comr ■"s. -
also given for these two'areas in Table A-3. 

parison, the yield coefficients of Model II are presented in Table A-4'

are

- - 4.
For alT'Tamp^Tes'fhrr-tesr for-the inclusion’-of - the farm 

.efftcb variables was significant at the-one per cint level. The 
statistical test (the Chow test) for pooling-sample areas.gave th^

Th^t is, the samples from within asame conclusions as before.
Division could be assumed to, have come from the same popul^iotl. 
Only the resultant pooled samples are presented here.-. • ■' ' ,

X:'-

4.

■ «*.
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Talkie A-1 - Tea Yield Coefficiesnts of Model II for Samples
from Githunguri, Gatundu and Ihramira Divisions

Administrative Division
Coefficient GithungufiItem Gatundu Nyamira

.Year of 
Maturity Yield Coefficients

a -63 -0.0086
(0.0565)

0.2637
(0.0574)

0.5557
(0.2103)

3

B4 0.2361
(0.6511)‘

0.5576 
‘ (0.0493)

, 0.6538 
(0.0506)

0.88ia,.
(0.2043)

4

B5 0.5411

0.5349
(0.0498)

« ,0.7429 
(0.1955)

5.-^.

B6 ^ 0.7334 
,(0.0560)

1.0887
(0.1874)

6

if

7 .1.2067
<0.0549)

B 1.0162
(0.0666)

1.5878
(0.1798)

7
aar ■

Other information
2

R .867 .837 .589

Number of: 
Farms

Observations

49 62 31

132 ■ 261 133 . -

Standard Errors are. given in p|a:entheses. 

^ Not significant.
o

..
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Table A-2 - Yield Ccrefficients of Model I for Samples
from Buret and Kitutu Divisions

*4

o
Administrative Divisionr

Coefficient KitutuItem Buret
■»

Year of. 
Maturity Yield Coefficients

‘A

3 6 '0.3733
(0.1811)

0.6872
(0.1610)

1.2686
(0.2143)

1.7055 
(0.2576)

2.0662
(0.2866)

:0,6136 ■ 
(0.2115) ,

1.1178
(0.2183)

1.5041
(0.2747)

2.2681
(0.3047)

1.7535
(0.4162)

Year
Effects

3

4. 64

5 B
5

■ 6 . B^-6

^77

Annual
Rainfall
(Litein)

Annual 
■ 'Rainfall 
(Kisii Town)' 

mm*

Year
E.“'5ectsYear

mni -
b •2,011 460.15^

(599.38)

1,801 524.35^
(461.48)

i,724 .-361.77^- 
(323-^79)

1,178 21.46^ ' 1,545
(.213.84)

1961/2 B 2,227 • -1151.89
(614.28)
-773.92^ 
(432.91)

-1398.78 
(283.46)

• -890.41 
(191.98)

*^01

^00 21962/3 2,609

,
1963/4-

oo3

1964/5 ®oo4‘

Long Term Average 
'Rainfall 1,648 1,801

Other Information
r2 • - t-

.865 . .899

Standard .Errors are given in parentheses.

^ Not . significant. - ^ Significant at the five per cenf-leyel.
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■ Tea Yield 'Coefficient's of Model II for Samples 
from .Buret and Kitutut-Divisions u. ’

Table A-3

N

, Administrative Divisioni -
i, Item - Coeffitient - KitutuBuret ■

i

V
Year,of 
Maturity . Yield'Coefficients

0.3390 
(0.1915) ■

B3 0.4178
(0.2257)

3
<1

4 B 0.6657 
(0.126 7-)

1.1378
(0.1655)-4

-^55 0.9862
(0.1506)

1.6740
(0.1706)

1.5841
(0.1905)

’2.4810

(0.2226)

<»

B; r6

- .
N 7 1.9667

(0.2170)
2.5071
(0.3057)'

B7

Other Information
2

R 0.8510.838

Number of:
38

140

33Farms

Observations 117 .90

.Standard: Errors are given in parentheses.

y*'

:
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Table A-4 Tea Yield Coefficients of Models II and' IV 
and, of -the KIDA Yield Rating, By Divisions

/ % 4

f.

"^ield Coefficients
Division Model

B3 ■ " 6, ^5 ^6 - 7 .

(Pounds of green- leaf per bush per year)
1.2067 
1.1024 
.7747

II . .0086 
.0803 
.1291

.2361

.2938

.3228

.5349

.6383

.6456

.5411 
. .4890 
■^.5165

i
Githunguri IV I

KTDA . I

II .2637
.1452
.1291

.5576

..4219

.3228

.6538. 

.5725 ' 
■ .5165

.7334

.8630

.6456'

1.0162 
1.0817 ; 
.7747

Gatundu IV
,.KTDA

l-.9'667
2.0176
1.6275.

•II _.6657
*-?7826

.7750

.3390

.5001

.3875

.9862

.9283
1.0850

1.6740
1.4374
1.3950

■'Buret IV
KTDA

2.6712
2.8391
1.9375

II .3437
.6211
.4650

1.5441
2.0081
1.3175

1.0078
1.4889
>9300

2.0189
2.7265
1.7050

Kitutu IV
KTDA

\
II 5557 .-8810

1.0100
.9300

.7429 

.9424 - 1.1445
1.3175

1.0887 1.5878 
1.3791 

1.7050 - 1.9375

!
Nyamira .4403 • 

.4650
IV
KTDA

~u

.
■X

'

*
X.

'V '

%'i
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together with those of Model IV (which was the main model- used in 

the text,) and the KTDA J^model".
- - - ' '_ ^

finally. Table A-5 compares the weighted mean errors of pre­

diction for Models II and IV and the JCTDA.npdel, for the last, two.

-years. Given the completely linear form of Model II it is not imm­

ediately clear how tlie equation should be used for prediction.. Is

f-'

y*

.A

ah average intercept used? 'Or should one'use .the average times the
2

number of farmers in the area?
■ . f"- - - -

In the first case, the effect of the

intercept on the prediction is negligible; in the latter case the

prediction is completely swamped. In making the predictions in
I

Table A-5 the intercept was ignored. We discover that not only are

the predictions of Model II vastly superior to those of the KTDA,

- ’ but that, on average, the predictions are better than those of Model 

IV. However, this , result is achieved mainly, because of insubstantial 

improvement in the Gatundu prediction. It shows that, as far as 

prediction is concerned, the choice of functional form-is not cfucial. 

.iv However, the manner.-in-which the farm effects enter Model IV clearly

* f s\

makes more sense in terms of the logic of the production process.
■

2
Thus, should one predict using

where B
o.

r^oiA

^t =
- k

= ^ 1
N-

or

Qt V “-^b. ^fk\t. where M is the number of farmers 
whose output.,oiie -is-'trying to 
predict? •

I,

. ; - ^
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i

Weighted Mean Errors of Prediction Sf Output 
for Models II and IV and the.KTDA Yield Rating, 
By Divisions for the Period 1964/5 to 1965/66

Table A-5

Division KTDAModel II Model IV

3.38 13.83Githunguri 3.57

^.79 28,389.25Qatunduf
5.58 2.29 6.74Buret

8.38 29.65Kitutu 10.00

;?
20,75Nyaraira 8.47 9.94

it'—

6.65 19.876.08., -All AreasS

.1

4

V -

o V-;►

I

r
V

•»

t V

■4^
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APPENDIX III
•

OUTPUT, Pfi&NTINGS. AND PREDICTION RESULTS, 
BY YEAR AND SAMPLE AREA ,

JS,'"'-'!. . . ■

A great many variations on a common, theme were investigated in 

Chapter V. There is little justification for presenting the detailed 

results for each of the variants used for prediction. The summary 

results for these were given in Tables 12 and 13 of the text. The 

following tables (Tables A-6(a) to A-ld(d)) give the actual plantings 

and output figures for the farms not used in the statistical esti­

mation of yield coefficients. Thus, the data for each of the five 

sample areas considered in this study refer to two thirds of the data 

set. The tables also present the yield coefficients and prediction 

results for the KTD.A model. Models I and II, one variant each of Models-

. ...t.

III. and IV, and Model VI. In the first two statistical Models the
-li-

yield coefficients are used,for prediction and the actual farm and

year effects are ignored .(.see Appendix II). These Models are referred
■i-

In Model TII the
■

yield coefficients are derived from the ratio coefficienfs plus sepa-

to in the following tables as "Additive" Models.
dt-

rate group farm effects and separate year effects.^ Model IV uses the •

4 ■ ' 2average of the farm effects.

mated without either farm or year effect variables.^

■V.

In Model VI the coefficients were-'esti-

Tb'ese latter

three Models are referred to as "Multiplicative" Models.” Finally, the
■» V-

reSults of the iterative model - Model V - are given for Buret T)iyi- 

ion. All predictions are rounded to Che nearest integer.

^This variant.is theoretically the most complete and is that 
given in the first co’lumn of Tables 12 and 13 in Chalpter V.;

^This is given in column 6 of Tables 12 and 13. . .

^See equation (V-15). ^See ,ejquatiSnLjC!iM.6) .■

-191-
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Table A-6(a)-; - Number of Tea Stumps Planted, By ^ear, 
for Githunguri ^

^ • '

1959 . 1960 1961 ,1962 ■ ,1963

45,462 . 56,572 83,240' ..... 12,04269,854

5(

Table A-6(b) Tea Yield Coefficients, Various Models, 
for Githunguri

rl

Yield Coefficients
Model Years

S B B B,®6
3 4 5-:. 7

i.

'AllKTDA 0.1291 , 0.3228 0.5165- 0.6456 0.7747

I All 0.0057 0.2510 0.5877 0.5656 1.2077
j-

All -0.0086 0.2361 0.5411 0.5349 1.2067II
I

1961/62 0.1313

• 1962/63 0.0373 0.2857

1963/64 0.0349 0.2605 0.4728

1964/65 0i0539 0.2800 0.4695 - 0.6218

III

1965/66 0.1088 0.3409 - 0.5309 0.6504 1.0739

0.2938^ 0.4890 0.6383 1.1024IV All . 0.0803

0.0853 0.2899 0.4702 0.6159 1.1210AllVI
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Table A-7 (a) - Number of Tea Stumps Planted,.-By'Year, 
for Gatundu

% ■■

19621959 . 1960 1961 ;9,63-

/

75,50057,673 50,911 107,800 37,170

Table A-7(b). - Tea Yield Coefficients, Various,Models, 
for Gatundu ■ ~

Yield Coefficients
' Model Years

^4Bo’ ■ ^5 B B•i- 3 6 7■

KTDA All Q,.1291 0.3228 0.5165. 0.6456 0.7747 '

All 0.2476 0.5397 0.6043 0.6522 0.9034I

0.2673 0.5576 0.6538 0.7334 1.0162II All

1961/62' ... 0.1219

1962/63 0.1454 0.38160

'0.1631. . 0.4390' III .. 1963/64 0.5265

1964/6'5 0.1910 0.4446-'; y.ff:S7r8

1965/66 0.2265 -f)’.4856 ,- 0.5908 0.8566 0.9701

-7-

0.1452 0.4219 0.5725 0.8630 'l.O^ir

0.1692<=j' 0.'4271 0.5437 o'.8'23^ 0.9456

IV All

VI -All

■ ^
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Table A-8Ca) Number of Tea Stumps Planted, By Year, 
for Buret

‘ ^59 -1960 . 1961 1962 1963

28,74.3 27i975 38,056 58,684 36,788

Table A-8(b) - , Tea Yield Coefficients, Variou’s Models,
for Buret.

Yield Coeffidients
Model' Year(s)

eB ■■ B B B4 ^73 5 6

1.0850 1.3950 1.6275 
1,2686 1.7055 2.0662 
0.9862 1.6740 1.9667

Alt 0.3875 0.7750

0.3733 0.6872

All - 0.3390 0.6657

1961/62 0.7703 . -

1962/63 0.5297 1.0316

1963/64 , 0.2446 0.6322

1964/65 0.4116 0.8620

1965,/66 ■ 0.3650.^ 0.7943

IV : ' All .....0.5Q01 0.7826
All' 0.5081 0.8070

: ■ 0.5240 0.6898

KTDA

All. I
II.1 .

1.0192

1.1347 1.5747

1.1198 .1.4455 2.2108

0.9283 *1.4374 2.0176

1.0059 ' 1.4158 2.2347

1.0858 1.5374 1.8464

III

■ * ■

VI
a

■V

* '
^ These Coefficients are .de^^ived from the B

jk

■ ^
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Table A-8Cd) Prediction Results, Model V, for Buret.

e-

Actual
Output

• aPredictionYear Error

X'lbs lbs

1961/62 23,039 15,061

34,4.85

•.42.16'

1962/63 47-, 526 27.44-

1963/64 64,303 70,447 9.56

1964/65 ■131,322 131,566 0.19-
■ ‘ ■

• % .V#
"■.IX . .

•Cn

1965/66. ■1*69200,545 197,158

Weighted Mean-Error 7,19-
X

a
See footnotes to TableA-8(c)

If

V

•i

*4

.f>
St .. 4<n

, »« .

/
X.^7^

■ S:'

%

♦• 4
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Table A-9 (a) Number of Tea Stumps Planted, “By Year, 
for Kitutu .

1959 •1960 1961 1962 - 1963-^ .

■ r

20;400 35,650 30,850 23,460 20,950

I

.Tabl,e, A-9(b) - Tea Yield Coefficients, Various Models,
for Kitutu ■i

I

Yield Coefficie'nts
Model Years

■ ^3 ■ ■ ^
6. - 8 ~ '75 6 .

KTDA All 0.4650 0.9300 1.3175 1.7050 1.9375
s\

r0,6136 1.1178 • 1.5041 2.2681 1.7535AllI .

0.4178 1.T379' 1.5842 ' 2.4810 ■ 2.5071II All

1961/62 0.7098
• . 9\

.•.1962/63 0.6826 1.5050 4.

III 1963/64 0.3080 0.9973 1.4258
a

0.6687 1.3W4 1.6708 2.23541964/65

.1965/66 • 1.2601 1.9979 2.3108 2.7422 2.2695
It-

0.6211 ^4889 2.0081. 2.7265 2.83^.

0.5904, 1.5113 \ 1.89 25 '^2-.'38^3^ 2.7730-,

- IV All

-j .

VI All

, 5 - ■ •

% ■

«
%■
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Table A-10(a) - Number of Tea Stumps'Planted, ^-Year, 
for Nyamira

1959 • I960' 1961 1962 1963

V

K,
39-, 894 5', 500, 13,208 1,100 22,176

O-

Table A-lO(b) - Tea Yield Coefficients, ‘Various Models, 
for Nyamira •i

Yield Coefficients
Model ■ Years

^4 8. . B 65 6 7

KTDA All 0.4650 0.9300 1.3175 ■ 1.7050 1.9375

AllI 0.7409 1.1797 1.2648 1.5960 2.1423

All ,0.5557 0.8810 0.7429 1.0887 1.5876■II

1961/62 . 0.4852

1962/63-' 0.1642 1.0331

;.963/64

1964/65

III 0.0000 0.4619 0.8046

1.09850.0923 ' 1.0990 . 1.5980

1965/66 0.0000 0.9589 , 1.4394 . 1..0962 1.3752

0.4403 1.0100 ■ 0.9424 1.1445 1.3791,IV All

0.3942 0.9719 1.0231 1 1.2843VI All

-*3V
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