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o .- _ - CHAPTER I
W INTRODUCTION -
- . — -~ L
A %
et . . i IR R o e
v = e - S .
1. The.Reasons for rhis Study
— " . Exports of prlmary products are of v1tal‘1mportancef/’/the T

‘economies of the less developed countries., Typically, agr1cu1tura1

.

’ products account for the largest share in export proceed5~and form an

i A T R ST

1mportant source of domestlc cash income. Problems ofJemployment,

public finance, balance of payments, income distribution, price and
‘income'stabilization are thus direétly related ‘to the agricultural
export sector. Consequently, the ana1y51s of farmer response to

changes in. economi'e: variables in thlS sector has 1mportant soc1a1 and

LGRS
o A
-

political ramifications. -~

While changes in relative factor anmd product prices can have

N ———
— ‘.

extremely impdrtant.effects on an economy, the economist'studying the

development of the export chps in a low 1ncome country is often faced

~ -

with 51tuat10ns of extrems. dlsequlllbrla in whlch any attempt to ana-~

lyse farmer response in terms of carefully measured elastlcltles is

either lmp0551ble or.lrrelevant. _This 4, typically thescase when a

Y

'ne&‘crqp ig fntroducéd into an economy.” Here, the advent of+a dis~

easé .or the Ereation of structural botqjenecks.elsewherezcan'1ead to
bursts of‘activity in the domestic export sector. Similarly, -idle
potential- may await the building of an improved means of transport.
N . & ‘ 3 . N N t- .

When constraints-aré imposed. on competitors, df*domestic constraints
. 2 - s . . >

S



-

"removed,, shifts 7~often radiéal shifts-— can-occur.ih product.Supply

functions. The hlstory of the development of any of the ma;or export
e

‘;crops is. rich with examples of dramatlc 1ncreases 18 output in-partic-

P . S -

i 1.
ular coutitries+ . The Kenya téa industry provides a modern example
of this.

Radical changes in supply functions\call for economicfanalysis;

_1n uhicn prices play a minor role. This'is partiiulénly true of the

"small‘country’-case ~where—the producer is-faced with a relatlvely -

iy
elastlc demand curve for his product. Concexn in this case is pri-

marily with the rate of increase in output -and the resultent effects

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

are, by the ﬁery nature of their poly-periodic production functions,

- fl

determined by past inputs in planting, current maintenance (and

AT } Al

harvestlng) 1nputs, and the botanlcal characterlstlcs of the crops.

Where the plantlng takes place over a number of dlfferent seasons I S—
z ;

cohort or v1ntage structure of product1on results. Prov1ded the

relevant 'life cycles' are knewn, such structures greatly facllltate

- 5 -
prediction. An obv1ous application of thlS is 1n the use of demo-

.graphic data to estimate the future depand,for goods‘or‘services.

1For the case of rubber in Malaya see Knorr ‘(19) p.ll ) For -
coffee and tea in Ceylon see Courtenay (6) pPP- 40 -41 and also - ’
Wickizer (29) p.31.

-

2Thﬂre are llkely to be .many constralnts (e.g. cap1ta1 -

-plantlng material, labour or land) preventlng an immediate, single

season adjustmgmt to the new market situation. Thus, even if a
farmer dec1des that- planting X trees of a new crop will maximise
the, present discounted value of the net returns on his 1nvestment,

- it may take h1m a number of years to achleve the de51red stock of

trees .



.Here younger age'group§ (1.e. cohorts) can be moved up a population -
k- .

pyramid and compared in size and comp051tlon to older age groups*and -

thé. likely effects on demand gauged. Slml}arly, ‘given the ageedisf

L

w

tribution of en'existing stock of trees‘and knowing the rate at.which

2 . product1v1ty increases as a tree matures (1 e. the y1e1d or grqwth

- curve of the plant), then the output for the next few" years can be " e

’fjag reasonabiy well’ predlcted (the vagarles ‘of the weather belng 1gnored)

™ Thus information on the.rate of planting .and the rate of
S maturation may be vital for efficient planning during the phase of

"rapid development -of 2 new perennial crop.. The information is also - -

e e : of -some importance i#t estimating. the supply elasticities yheu_the

.

industry is more mearly in equilibrium. It was the lack of data on . #

theiyete of maturation that forced Miss Peter Ady to adopt a nine

.’/‘

H . AT Pow Co
- s year price lag dn her estimatiou procedure for a long-runfsupply

elast{city for cocoa (1). ‘Thus she misspecified the output-plantlng

S

B relatlonshlp and 1gnored the contrlbut1on to total output -of 1mmature
plants prior to their ninth year. Professor Stern in cocoa (24) and T
Francis Chan in rubber ié)}employed the séme lag technique. In the -

case of rubber the mlsspec1f1cat10n 1s not important, since the full ~= =
A ¢ e

B - - 1atex flow is achleved soon after tapplng’ls started. " But with cocoa

. -

a4

and other 1mportant perennial tree crops, such as coffee and tea, the
_move ta metufitygés more gteduai‘end signf?icaht levels of prqduction
- ’ are achleued in the three to four years before matur1ty. In the face:

tof suchqdlfflcultles, pateman (2) has sought to develop supply models

. e —
- - s

_wh1ch nay bi used to estlmate elasticities when plantlng_andAage date . -
. P ° )

are not available..

¥
I
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In the case of the smallholder tea 1ndustry 1n Kenya, whlch AL f.'.

- - an

'.1s the partlcular conéern of thls study, plantlng and output data are.

s~

W

avallable but the cruc1al yleld parameters are 1mprec1se1y known. 1In

the present state of dlsequ1llﬂr1um, wh11e the 1ndustry is expandlng

-

..very rapldly,‘predlctlons.of future output are required for the opt1-
mal phasing of road and factory construction. 'furthermore,;the ﬁhasJ‘

ing, of the repaymeht of the internatiomal loans which'finance the
'1ndustry depends malnly on the level of tea ylelds actually achleved
This study addresses itself primarily to the llmlted but important

task of: estimating these yield parameters by estlmatlng the parameters .

e’}

'ofithe”prgdggtldn,ﬁunctlon for smallholder tea in Kenya. The esti-
mation 'technique developed has general statistical-and.economic

? N e
ﬁalidi;} The method presented here is relatlvely simple-and 1t has

P
-~

wider appl1cab111ty. The data required can become easily avallable

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

© N

2,  Background SRR _ - -

f - ., ) -

-Tea is made from the young leaves and the ynopened buds of

s

" the tea plant, Caméllia 51nen31s (L ) 0. Ktze, a spec1es of plant

whlch 1nc1udesvw1de1y dlfferent var1et1es.3, Of the threeé maln varie—
t1es —‘the ChxnaJ the Assam and-the Cambodlan ~ the Assama J (Hlnd.

—qaste)-Ls ‘most su1ted to East African cond1t10ns. The tree of thlS

jat will grow to heights of.twenty to sixty feet but,. when cultivated
in‘a‘tea'igardeﬁi, it is maintained by pruning to a Height of less

“

3Fo;: a éood semmary .di¢cussion of the plank, its cultivation..
and w1de geographlcal dispersion, ‘see Harler s small book (14)
Greater detadil is contained 1n,(7) - ) =

- . . o7 pme—a

X
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‘than three feet. As bushes or 'stumps' are planted close together,

T - . .

the mature garden looks like a 1uxur1ant, well kept 1awn, raised

three\feet off the ground.“ The term garden is 31ngu1ar1y appro—

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

as

traditional tea of the East.

~

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

LS

tea is aptly called 'plucking'; ThlS involves’ the selectlon by the
'plucker of young leaves and unopened buds ﬁhlch are ea51ly broken

off between thumb and foreflnger and placed in a basket usually

carried on the plucker's back.ad In this state the tea ¥s described -

‘green 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 téa, from.the Assam jat, is the

commonaiﬁlack tea' of the world tea trade. 'Green tea' (not to be

- ' e "

confused with green 1eaf) is’ produced by a dlfferent method of manu~

facture and.usually utilizes the leaf of the Chlna Ja . This is the

Tea was first planted in ienya in 1903, but it was not until
A -

cﬁé early 1920's thae planting on a.commércial basis waé"undef?ékenr
Expan51on of productlon i the 1930's and 1940 S-wWas severely re-'
strlcted under the Internatlonal Tea,Agreemene to whlch East Afrlca
adhered unt11'1947-when the Agreement was terminated. By 1947 the

total acreage was” only 16 239 acres but since then the. 1ndustry has.

’ i
grown rapidly. * The initial expansion was along the' lines that had
~ T e - - 5 . ) t a0

beeonegactepted practice in the leading tea-ptoducing‘conngries,'

o

4Mechanlcal plucklng has been undertaken for a number of

'-ﬁears now in Ru351a and Japan but” this does not produce high qual&ty

R

tea. o -

P
g

i

-
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Egdla and Ceylon (Table 1)

iarge estates of SGO to 2,000 acres’ '

each-were cleared from forest land and’ planted w1th ‘tea by compaules

R - 5

that usually had extens1ve ‘tea interests 1n A81a.

thls t1me legally proh1b1ted from grow1ng tea.

.age in Kenyalhad 1ncreased nearly 100-per cent to 30,500 acres..

Afrlcans were at

'fhe

growth of the estatee continues at a steady pace, (iable 2):whi1e'

1ncrease in 'world supply over the same period.

b

5>

. Kenya s, overall 8.2-per cent per annum increasé:in output between

'1958 and- 1965 is, con51derab1y ahead of the 2 per cent per annum

but also the reldtive importance of tea in the Kenya économy has

Y

%
increased. In 1957 tea exports accounted fo{‘iq&8 per cent -of the

-

1968 the Llhure was 22Lper cent of £K47.7 milliom.

.

Table 1 -

B

-

&

"

- value of . the country s agr1cu1tura1 exports of £K26.4 million; by

Comparatlve Statlstlcs ‘on Tea ‘Atreage, Production s

.4

.

.-

~ and Exports of India, Geylon and East Afrlqa 1965 -1966%

‘estate ‘acre-

Not-6nly the ébsolute '

Gountry . .

1966 production -

(4

1965 area v ‘ 1966-exporté
~ 7 Co (thousand acres) (million 1bs.) (million 1bs.)
Ty >, L,
T R , e
. India 853 825 .- 33; '
LCeylon. ., 7 se4. 490" 41
East Afrlca,:' - '1'1§4h“ 130 ‘.ng
of which Kenya S 8L . 56 T

. . .. ’ s

3 . "

% Spurce:

B

.Téa Board of Indid, Tea Statistics, 1966/67. Pp.147-150;

- : LS

NS
S

R



Table 2 -

-1-

o

Estate and Smallholder- Tea Acreages .and Produttion..

- R

Kenya 1959- 1968 L

L

' Year Area (thousand acres)b—  Production (miliion""poim;l‘s’,)' - '
- ‘Eétate Sin:allhol’der Tof.al Esg;ée Smallholder- Total
1959 36.1 1.6 37.7 299 . .2 2709 s
1960 - 37.0 2.3 39.3 30.4 e 30.4
1961 - 39.6 3.4 43.0 27.7"- 0.2 27.9 -
11962 ° 42.8 6.2 49.0 35.7 0.5. . 36.2
ST . o g ) . .
1963 44,4 8.4 58.8 39.2 0.7 39.9 |
1964 45.8 10.7 56.5 43.3 1.3 44.6
1965 = 47.8 12.7 60.5- 4117 . 2.6  43.7 _‘ .
1966 . 51.1 16.0 67.1 52.1° 3.9 56.0
. 1967 | s6.0° 208 743 467 3.6 7 50.3
1968  56.0°  27.0 - 83.0° - 57.0 8.6 - .65.6
. R0 : - - LY
';;-; . - . 7
’ FData from East Afrlcan Tea Boards, Tea, January 1968 ‘Kenya Tea
q ""Development Authérity (KTDA). 1965- 1968/8 and" Kenya Ministry of
- " ‘Econemic Planning- and Development, Stats. D1v151on, Statistical -
) Abstract, 1967, pp. 74379, Production data are for "made t:ea" —_
- - . . - dry, manufactured tea, excludlng waste. - e B
. N . ‘g,.*_ ] . ' .‘
aNegligible.‘ . R ) ‘ L E -
b N . ’ . o ETRER . u'? ‘
Provisional estimates. ) . o .
.‘ ) ."“y
i s . .
- . o
< /k
- B ~
) . #“’ Fed ) - .




waever,.it’has been neither the estate sectors’ growthwndr R

the total ‘growth of Kénﬁa?s‘tea industry that has been particularly
rapid'in recent'years, Rather; it is the smallhédlder sector that has

shown dramatic growth since 1960 (Table 2). Thls sector is adJustlng

to the dlsequlllbrlum caused by the removal of the technical; legal '

- ~

f1nanc1al, and administrative constralnts that formerly prevented. -

Africans from growing tea for the international market. °.

'As’ the'tea estates expanded, the Department of Agriculture
became interested in the po$8ibility of African smallholders’5

s 6 . S .
Browing tea as a cash crop although it was well aware of the failure
of similar schemes in other ceuntries.?' Ecologically many African

farming(areas provided good tea land.® A‘recentdsﬁrvey K&)Vhas 7 -

..

suggesétu‘that these areas contain a total of some 1.5 mllllon acres

. e o

of suitable land. The Department then proceeded to experlment in

RN I S —_— - \
ST SKenya African smallholdlngs are typically 4 to 10 .acres in

size and fay have 4 to 1} acres under tea. B

oo, : 61t is worthy of note, however, that a certain 1n1t1at1ve
came from the African growers themselves.' Thus the Agripultural
v . . Officer most concerned with .initial developments in the Central
N L . Province wrote: "In the years directly after the last war, there
- ’ " 'was a demand from the people for the 1ntroduct19n of Cash Crops. ...-.
' There were numerous {suitable) areas-in-the Central Province where
, tea would grow. This had been proved by the go—ahead African, some
‘ of whom had, in fact, brought home seedllngs ‘from their employers
- - (on ‘the Tea Estates), planted them in their back giardens and were
) produc1ng a tea of a dort". {10,p:2)

D

: ' o ' 7It was for: thls 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 developing smallholder tea in Kenya. L
(19 pp.43- 44 and. pp.74=76) .. However, the general problems of small-’
. holder tea producers in the_older-producing countries are not well . -
documented. (But See 30 21, 8, 11 and 13). o - b

. . 7 i . - ’
- . N

BA pH of: betwe % 5 and 5. 5 (i.e. a falrly ac1d soil), and a : A
- rainfall within the 50" % thet, and at altitudes of between 6, ,000 - .
-t . and 7,300 feet. ' o _ ) e ) = i i e

= e Y e -




o, T o . ~g— =
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: “

" the ear1¥_195b's withgboth "block" % and individual gerdeﬁs‘pﬁited.‘
The indiiidual gardens were more popular and produced & surprisingly
hlgh quantlty and quallty of tea. 10 -‘f. i

Slow 1n1t1al progregs was d1ctated not only by necessary

‘caution but also by the growth characteristics of tea: tea seedllngs

(stumps) take -two years to produce in nurserles, a further two years
pass in the field before any tea is produced, commercxally sxgnlflcant V
* .yields start in the sixth year, and ma%yrlty 1s prdbably achiéved .

in the tenth year in the field. In addltlon, the early-1950 s were

. . marked by the severe admlnlstratlve dlfflcultles and~ polltlcal pres-— <
'sures arising from the Mau Mau rebellxon (1952 1956) . However;~the
vSwynnerton Plan (1954) (25), ylth its requ1rements of v1ab1e cash -~
cropS*fgr,the African farmer; gave impetus- to smallholder.ted "and . ,;;
“encoufégeduthé’felaxing,of the legal prohibitions against African

“Browers. The first factory built especially for smallholders was,

b 9 ",18ck" was a un1f1ed stand of 5 to 20 acres of tea in.
‘which- the surroundlng farmers had shares.

e— v

" o . *
By’1958, yields of 1,400 1bs. 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 ls.that of-4,000 1bs. 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 inm the
order of 2,400 1bs. (15,p.452). More generally, yields in India
-range from 102<59"226——o 1,200 in Bihar, Assdm and Madras respegt-

! ively'(gg,p.ll). In the 1950's, the average yield of Ceylon

-~ estates was in the region of 650 1lbs. per acre, while'most small- .
holdings produced less than 250 lbs. of poor-quality tea per acre
(21,p.2)." The fine plucking recommended by Gamble (9, p.75)-.
culminated in the éxcellent reception of the first. sample of small-
holder tea’ taken to London (see footnote 11 below) The standards

- have remained h1gh (see 27,p 35) ‘ ; : -oe

PSS . . ST e oy
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completed in 1957 at Ragatl in” Nyeri Dlstrlct.1

2L -

aeveIopments were. the respon31b111t1es of - ‘two marketlng boards. . the

: Central Prov1nce Afrlcan Grown Tea Marketlng Board and the Nyanza.

and Rift Valley Prov1nces Tea Marketlng Board. : .

- L.

The:e is much evidence to suggest that the success of Kenya's

o ) - - R . o . .
- smallholder tea scheme derives from the careful mammer in which the

N

"industry was nurtured. Aside from answering the impoftant question

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

nioally demanding crop, the early work in the Cehtfal Province

evolved the technology needed.ior the long distance. haﬁlage ‘of tea
“-%-.

..... . -

leaf from field to factory. It is essent1a1 that the leaveSvare

- ' o - . 'JV' i N - .. i
well aired, are in the factory within six hours after plucking, and

L8 >

are nésigttsed on the Journey since this results in pre-fermentatlon
and the consequent loss of quallty of made tea. It was shown'that»
sucaessful productionmof»tea by peasant growers necessitated comple-~

mentdry organlzatlonal ‘inputs of a large scale nature. This was true

. - - ~

of nurserymmanagement, exten51on serv1ces, transportatlon,,proce351ng

and prov1s10n of credit. There is little doubt that~had the develop-

R . e
ment been‘in the form-of back yard plantings, thﬂ@industry_would be

suffering from the samg problems that have glagued émallholders'in

L ¢

1]'The leSt news of the quality of Ragati tea was contained
1n a.letter from Sir Frank Engledow to the Director of Agrlculture
(A.R. Melv111e) dated 5th -February 19603 .'T mow have' the oplnlonS'
of tasters°on the Ragat] .tea sample ... They are very favourable.
The colour of the, infusion is satisfactory and -the llquor bright, -~

11vely,-W1th a considerable brlskness and pungency ; These strange

-able. ; What it comes to is that they approve Ragatr - the sample I

broughtuhome - asa very good tea.




o<

Ce¥ylon.

<12

IBeeanse of-thé need for a central organfzation (22) to_handle

-

the 1nternat10na1 f1nanc1ng requlred for an expansion programme, a
Speclal Crops Development Authorlty (SCDA) was establlshed in 1960
and it took over the respon51b111t1es of the marketing boards in 1962. ’ g

The flrst task of the Authorlty was to obtaln flnance from

RS -

the Internatlonal Devedopment Assoc1at10n (IDA) and the Commonwealth -

Development Corporatlon (cpC) for two Development Planﬁgﬁ The Flrst

Plan (1960 to 1967) aimed to bring smallholder tea acreage up from

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

‘altered to the Kenya Tea Deve10pment Authorlty (KTDA) ~ (For histori~

_both mbnopolist and monopsonist. It has been the only legalfaourcer

produce, Such a’bi-lateral monopoly,;dealing with somélregggj

~ © . . , . o
1,500 aé;es'to‘lO,SOO acres in 1965. The Second Plan (1964 to 1970) ~

e L “»

plans were completed ahead of schedule (see Table‘Z). ’ ’ . ‘ *
~ r ' -
£ Slnce the SCDA dealt only with tea, its name was subsequently '

- ~ . .

cal and organlzatlonal‘detalls see lé)'ll) Zé! 27, gg). At the same .
’ . T - : . o B -
time its constitution was made. mdre'democratic by including elected

growers' regpresentatives on its Board of Directors. However, the
. - . . . -

Authority rema%gs an all powerful autocratic organizatiod; it is

o e - b - .

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

is further relnforced by the fact that the KTDA operates the entlre
. s .
extension system for smallholaer tea farmers. It is a strict monop-

sony, belng the only.avenue through which’ farmers can sell their
,. . [ - ) "{

s
CSE
)

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

1'If ev1dence is needed, I refer the diligent researcher to

;the lengthy correspondence in Ministry of Agriculture files onsthe

. problen”of persuadlngxﬂlne growers of an inferior China hybrid Jjat in
o

Fort ‘Hall District t
Assam tea.

pnoot ‘their bushes and plant hlgh yleldlng

[}



R efficiency and‘modefate costs prior to fhe ~advent of computer3m4 It:

T P TR R T

- has 1nd1v1dua1 tecords, for each farmer on the number of tea stumps

i
¢
q
i

bought 1n each year, the price pald for them, the credlt advanced e

< i

—- - monthly productlon flgures, the amount‘pald-to the farmer and hlS

) outstandlng debt.r There is indeed a mine of 1nformat10n here.
» W@ ‘;

Fortunately the KTIDA has remalned faithful to its statéd . -

‘objective of promoting and fostering the growing -of tea_by Africans

in Kenya. The rapid expansion of acreagé since the Authority started

13

-operations is a measure of its success. Its raison d'&tre 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 selffgenerating revenues received by

cess€u”leviéd on growers - the eess income also provides revenue for

2 -

th;éhe fgdemption of loans. Fac;oyfes‘eatablished for o%ocessing‘leaf
. . 'grqwn by‘smallholders are separately financed.(in part bydehe
e lutﬁoi{ty) and a;e self-edﬁtaiﬁed units. :Apare froﬁ road constfﬁc; .
tion.and 1mprovements and certaln capltal 1tems required for Govern- - ;
ment- employed field staff, for which the Kenya Governme;t prov1des h

grant flnance,13 the whble complex of tea development under the

- AuEhbrity:s auépices'is_designed to be a seif—eontained financial

M <

‘ .

edtity (A7), . ) | B ;
o ;.',i : :~'_' | ﬁy 1969, the admlnlstratlon of the KISA had -been completely R
| ‘Africanised with the exceptlon of profe551onal accountants. W;th """""" ]

che comﬁletign of:its\first two p}anting programmes”we11<ahead of Lt A

R -

Ta ) - N H N R . . -

k g
13 Thls is a.grant as far as the.Authorlty is concerned, but
the~Kenya Government has flnanced these roads w;th IDA funds.

(See~(18))

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

:of thé Rift Valley has-been 5' by 3' g1v1ng 2 904 stumps to ‘the acres -

N T

the§1970?§ehse§;ithe:fThird'Plah"_has been started and éalls: for the

" planting of an’ additional 30,000 acres by 1973. This will bring the

LA

;smallhnlder etreage é?ﬂ?b§“t 57,000 acres ~ a truly remarkable - . v

.

organizational achievement. )
. . " 4 - . )

. The "accompanying map shows the main tea producing areas of

ﬁKenya,toéether with imnnrtant"éeogfaphical features'nf»theﬁcbuntry. . -

. N

A dlstznctlon is made between ‘estate and -smallholder produc1ng areas.
The p051t10ns of the admlnlstratlve Dlstrlcts whlch feature most

[ ES

prominently in this study are also 1nd1cated. " e

o

3. The Field Operations

” . . N s ) B

Since it is of considerable relevance to an understanding of o

’ - 8l . A
later chapters, thlS chapter concludes with a'very brief descnlptzon

of'the fleld operatlons for tea (gg)!, Tea seedlings are produoed in

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

four inch stock and aré distributed to -growers ;p time for the March-

¢ . .

Aprll planting season. The seedl;ngs or stumps , as they are called -

have traditionally béén produced from‘need but as superior parent.

clones are-discovéered increasing emphasis is being placed on vege—
b M

- b L2

¢

deep and 9 .to 12 1nches w1de.,'The spaclng~adopted in the areas west

East of ‘the Rift, the spac1ng is 5' by 2%' glVlng 3, 485 stumps to

the dere. The time period between hollng and plantlng should be kept

" as sﬂortAas*possible. Hence, planting is @ period'bf intensive.

1abour acthlﬁy-and unless the reasons underlylng the- recommended

s -

%

plantlng prattlces are cleg ly understood it may be temptlng to d
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B

_a less thdn thotough job.

'} Once %mallholder tea was seen to be a success the demand for |

o

plants rapldly outpaCed‘the supply forthcomlng from the nurserlesp

”

The situation has been dlfflcult to rectlfy 51nce there is at least

a three year lag between the preparatlon of the nursery and "the.-pro- ~

duction of stumps from seed. In-splte of hav1ng the largest tea

nurserfes in the world the KIDA has aimays found itself underesti?
. w5
mating demand and, consequently, measures have had to be taken to

ration the 1tm1ted supply among groyers.(ﬂlt'ls .only” now, w1th ‘the
‘recent isolation and testing of particuiarly gocd clones that can be
vegetatively propaggge& (V.P.), that an end to~this bottleneck is in
sight.l4 The 1imited availability of stumps and the high labour
requiremgnts for planting mean that fermers seldom plent much mere“
than.a third of an dtre-zi.e. about 1,006 stumps) each year.
The fertilizer recommendations of the.KTDA have been_cen—

fusing and“have not been pushed with much vigour by their. extension

. :

-staﬁf.ls Very 1ittle had been used up to 1966. Because stumps are

s e . L. T e
pruned before distribution, it is necessary to shade each stump

. , e | o .
after planting in the field ~ this is usually achieved with three or

.

‘14The fact that some African farmers are now successfully

producing V.P. stumps speéaks well of the increasing sophistication .
of their agricultural.practices. It was only a few years ago that
the Chief Agricultural Research Officer wrdte in a memorandum:

- "™Much-of the effort of the Tea Research Institute is being put 1nto

the development of V.P.: techniqies which are expensive and dlfflcult
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,
of years that the East Africa Tea Reseatch Institute has- really-been

-

' ‘able to show the. economic advantages of fertlllzer appllcatlon. The
“KIDA stresses the need for further research. * (165p.18) =~ . P

5 - 4 .
N : '
/73 .

b

ThlS is hardly surprlslng .as it is only in the last couplea




~16- -
four brecken frondSc‘ Since the ground has to be well cultlvated and

»
clean of all tree roots, the 3011 is usually lightly mulched unt11

the plants themselves provide sufflcient leaf cover -~ usually by,the

fourth year. As indicetéd earlier; tea takes a‘relatively'long time

to reach maturity. Although output commences 1n\the thlrd year. in o,

A the field full maturlty 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'lowet“branches,’which must be developeo during the early

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

dufimg the early deielopment is to suppress the natural upward growth
of the primary branches gnd to.encdutage the maximum possible side~
" ways spteadg%?V In, dddition, mature brenches are periodically‘prumed
to stimulate new growth amd‘max1mlse ylelds (see’ 28 ,D. 42); to remove
N

.unproductive or’ dlseased wood; . to brlng the plucklng table down to
a mane§eable height; ahd to allow”COzrectlon to an uneven plucklmg
table by givlng a fresh start. Praning is eupplemented by 'tipping
_in' which is eseentially a form of light prune deeigned to give a,

. plucking table parallel to the slopé‘of the ground. Table 3 gives

the KTDA's- standard proniég_brocedure.¥7

6ThlS is a technlcallx demandlng task and 1ncorrect pruning
. in the early years-is difficult to rectify. This.was a’'major cause
-~ of--concern-during—the Ypirst-Plan™  See for example-E~-Hainsworth's. -
1962 Safari Diary (12). For the results of pruning experiments )
see (3). My own survey data indicate that there is a greater degree
..of spec1a112atlon, and hencé hiring of labour, in pruning. than in the
other tasks., . - ) U Lo,

17Slnce the data for this study were collected, the procedure

e has beéhéchanged by the introduction of 'pegging' - a t1me-consum1ng -t

~

prrmr o

task but one which produces\excellent lateral coverage.

W



Table 3 - ' Standard Pruning Procedure of the kTﬁA*-

7 Years after . - . Helght of . o Helght of ‘ -
Planting - . " Prune (fnches) - Tlpplng»(lnches) i
1 ] 6, -
b - . . B

R AT R ROt S

4 : ) 16 . 307

6 20 \ . 30,
. . . . L

7 8 - - -

“ v c e .

- 8 : - he - v
9 22 30

. AY “1

10® - -

s e . - - : . W, . vlr-
#Source: -KTDA, Standard Procedure: Technical 2/66.

B w -~ v . k3 B
Thereafter ralslng the height by 2 1nches at each subsequent ‘ ’
prune, every thiree years. ’
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Between prunes is thé‘period of commercial broduction~during
wh1ch tea is harvested or- plucked. .

N

b

Plucklng 1tse1f is a skilled task in which only two fresh
o ,
leaves and a bud ate taken as the. saleable product. The ‘correct

shoots must be recognlsed and plucked wh11e dormant shoots (technl—

i

cally called 'banjhi') are brohenvdff'and‘rejected, necessitating;

“gonsidérable manual dexterity, Mismanagement is gommen-inqp%uehing, -
- which is aot sufprising giyen the newness\of'the‘crop and the skili
requi?éd. In oddefﬁthat the many?aiffe?ent ways in Which mismanage-
‘ment can cecur might be appreciated the KTDA's instructiens dﬁ

tipping and plq;klng are glven as Apgendlx I.

In Kenya, plucklng contlnues throughout the year w1th between

s @

| <here it is.checked :for quality and weighed before béing sent on to
. F=d . . - » . .o - .

o =t

: . Ficd
6 and T2 per-3fit of the annual-crop caming in 1n any one month.
N ! : o ) . i

s

.,buflng flush periods; ,plucklng rounds' may be.f%ve days apart,

decreas1ng to 10 days or 1onger at bther times. A 'plucking round'

1s deflned as the actlon of plucklng a11 one's tea. The time between
rounds 1s then ‘the tlme between successive plucklngs of any- given
. - Sy .

“bush. il )

R . Tea 'buying‘centtesluare located along the roads in_ the teah

growing areas. Generaily:'a farmer will be within a mile of -the

nearest, buying centre:’ The KIDA, through its Leaf Officers,‘afranges .

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

" for the ctop end with, his delivery of the green leaf’to‘the centre

5.

the factony‘fqr:proceésing;" The farmer receives a“receipt for his'\

L B . . - N

fleaf and, is paid monthly, with about a two month lag between deliupr-

PR
- . < . "':_&;E-L.l

.ies and payment. - - o 3 : .
: . g ) ;
LA .. 3 - . . »\_" ‘

RN




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

T ; S » T :;;19;‘_ S

4, Summary and. the Plan of the Study S S

e 7 The agrlcultﬁral Sectors of many less developed countries
- < s -

- .

Thave 3 v1tal role to play in the process of development and any rapld

changes in the sector are of interest £6 thHe economlst. Smallholder-

tea production in Kenya waS~rea11y launchedgln 1960 and, in a manner
'earéfully controlled by the Ken&a-Tea Devélopmeht'Autﬁority-(KTDAY;“

is adjusting rapldly to a dlsequlllbrlum 81tuat10n caused by the -

-

removal of legal and. té\hnlcal constralnts. ‘Tea is a cYop..! equlrlng'“'

con51derab1e caré and’ sk111 during the establishment phase and the

e -
- ~r

:early years of the -ten year‘maturatlon perlod Predlctlon of futurel

outbut is important for the efficient phasing of Toad and'fadtory

I .

“Ying and ageﬁjuta are ava}lable from KTDA Eecords, ‘tea ylelds arecon{y

iﬁprEEisely‘kqun. .Although the particular case.studied;ii”of"Smail—,

holder tea’in Kenya, it is. .the prime task of this study to develop a
. N N . . . P >

‘general teéhnique»for estimating the yield patamétérs of perennial
‘crops through a production function approach. ‘ g o

o

! < o oo .
Following this, introductory chapter, the study contains three
L 4 T R -

" . main sections:  the first (ChaptersVII and III) is cencerned with the

spécificatign of functional form neé}ed to estimate the cutput para-
: a3 . - . .

varidus models and uses the results to predict output ﬁor_diffe:gﬁt

-

o RfoduﬁfﬁgfareésLinfkenya; The last -szction (Chapters VI;‘VII,‘and

.VIIi);discusses the role ofumanagemenq,andﬁfhbour in the-function,

~ and stdtes the conclusibns“of'&heistudy. _ e

E
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CHAPTER Ii
- . T ) . THE PRODUCTION FUNCTION I -

.\“"
1.  Its Logical Existence

e B . -

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 efﬁicieﬁéy_is

: v B
assuimed 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
= - on the boundary of the production possibility set. This is illus-

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

values. *IjTe set represents the possible realizationms of output of !

e

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

5 bounded so that the concave curve OMZ of the boundary, or "frontier",
represents the traditional production function of micro—economic

. - 2

“theory. (;Z). S

.

N

"ipe best utilization of ‘any particular input combination.™is.

a technical, not an economic problem. The selection of the best
7 - F)

. . X . . ’
- input combination for the production of a particular output level
’ - . .

depends, upon input and output prices and is the subject of economic
% P ,

.uwm_me;;M.,.égalysis?,mw(l,P-éﬁ)‘ o . - e . L

Since economists make some claim that their discipline is a

.

positivé science, the.estimation of production functions is an -
M 13 Py .. 1 i "-- .—-.i a4 .
important aspect of their attempt to explain-"what is". In agricul-

turéi itzis'ofﬁén possible, to design experiments to generate .the -

e

0 L

B




g

iable Input. -

o W

Figure 1 = A Production Possibility Set for One Var

ENO

Labour Input

=*

necessary data “(6). In these circumstances, .the major analytical

problem revolves around the appropriate choice of function. With

-

-nonéﬁpgriméntéi'data;“such as. are used in this study, the problems -

are more complex.

X

. We-are’ faced with the initial, philosophical’

) L . - o, - s Lt o
-question as to the existence of the production function and, if it
¥ — " — < = . RS

t ‘$

e,

exists, what- specifically our obsgrvatiodg and Vvariables méfn;,‘Fdn,ii;f

< F—

‘data". - (5;p.283) [

f’ywithpﬁt specifying‘éxplicitly what produces the qyserve&;data i§ is, 1

. impossible to draw any 'structufal' conclusions.from nonexperimental



technology but with a’set of changing factor prices and product.

. . . R N . .
with which they are planted affect the future stream“Gf output criti-

.-2'4_

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

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

changing factorApriceSutraée out thh'isoquants while,,at;cdnstant

factor prlces,gthe changlng product prlces reyeal the expan51on paths._'

5

Rarely are we in &' position to have these data -~ either because
rélative prices do not change significantly or because tecnnology

changes and hence the production function_itseif changes. For perma-

nent crop agriculture, the long méturation'periods bétween planting

drid harvesting mean that~dbservations,must.couerwaynumhegigg years -

1
a perlod often too long for one to assume - constant technology.” In
tHﬁse c1rcumstances, any stramghtforward relatlonshlp between prlce
and output“tor plantlng)hméy be_tenuous.. In general, with any time .

series data (for- a~firmi-dn inaustry or a country) technological )

~~.change must'be‘expiiéitly cateredsfora

Hqwever, it is not only Wlth regard to the constancy of tech-

-0

nology that the maturatlon perlod is 1mportant;‘c1t also: 1mp11es a

poly-periodic p:oduction_function; As will be dlscussed 1ﬁ~the next

. ‘« . - .
section, the crucial inputs are those undertaken at and around the

time of planting. Here the number of tea-stumps planted-and the care

v

emcallye—-Inthe 01rrumstancesﬁ_a ‘Todel 1ncorporat1ng olnt 1nput .and _

"multip01nt output" is appropriate. ,Assuming thaq.the farmer is only

concerned with his tea (this_is, of course, a gross ovef-simplif%gqtion),

* rubber, .palm oil and tea (a matter to which we shall return).

G

T -
- Thus improved varletLes “and cultural practlces have, in
recent’ years, led to very éhbstantlal yield increases, in cocoa

2 P

. S -

s . L4 . -
a0 T Ik ’

»
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.then clearly, . :Lf eeconom:l.cally rat10na1 he w111 w1sh to maxlmlse t:he ‘

i LY
present value of net profits sub_]ect to the technlcal constraln!?s

;mposed by his production func_t:.on. What are his deqis_ib’h rules?

Let: - - . e
’ N o : &
Y e n . .
m = % p- q, (1#7zr) -~ I w, X..
t t C. - [
3 t=o , . j=1 :
A : ...+ F(q ,--,qT,xl..-,x) I =),
be the farmer s constralned profit functlon, : - : .

o -

where )
’ *

‘k q = expected output of green tea leaf in year

t(t =o0,...7)

p._ = expected price of green leaf in year t’ ”
e T " . - e '
r - = ‘rate of idterest (O<r<1) S i Ve
w.:i = prlce of input j (j = 1,...,n)
xj_ = 1nput 74 = 15&..,n)
Fhen the first order conditions for a maximum‘are':_z C k .
A 5 ’ .
* - -
-;%— = P L+ r)_‘ 7- + AF, = 0 - o TT - 2)
t : : ‘ ‘ -
. _ 3F. o
(where Ft = ) < e .
L - B t S ) - : <
\/3; % ) N X “
oo MR .y + R =T0- (1T’ - 3)
s IX.
[ J
> AR... lea
- (where F “5‘—-) - - R
. . -
. _,‘J - A -
- " . - "."_\{', /‘,:‘ . . . . . )
s R T N : - . .
. F (qo-:'qurxl"-'-s'_‘xn) = 0 . . (II 4)
. z The second order condltlons for the max1mlzatz10n of: thls

furiction are’ that the relevant bordered Hess1an determmants v

. alternate in-sign. - '><_‘ . B U e
. " o - _"" . ".'- _‘<—--

¢

= -
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Being particularly interested in the input~output relation~

ship, we divide -(II -.2) by (II - 3) to get <\ o ' . _;/‘
Coce - 1 .
C l+1 W, = ~F-F, ~ )
g p.( ) T £F3 . |
. : ; - ' - -1 _' 9,
which, by the implicit functiovn rule (where FtFj = - SEJD means
- ) ) C - £ ’
that aqt' ) . L~
. . R
Wj p (l + l‘) ‘aTj (11 5)

Equation (1T - 5) simply states that the.farmer should
increase the amount of input xJ until the discounted value of the
marglnal product equals the 1nput price (w ). But for the time

element and the discount factor (r) thls is the standard input optl-

mization rule. There are two particular points of interest: in the 2

' i"::"": ' . . o . .
~first place, q, was defined in.terms of expected.output since tea is

’;Fomplémentary with the‘number of stumps plantéd.‘ This’ theme is taken

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

on future output of the complicated_planting and pruniné instructions

* passed on to him through the XTDA extension service. In most of .the

producxng reglons in which tea grows well in Xenya it 15 the first T

.y

peggnnlal crop with a 1ong 11fe span.3 It lS, therefore, not

unllkely that the farmer has a hazy view of the. future output stream . ¥

..and how-it might be influenced by those labour 1nputs that are highly

- . . .

; : o .

up agaiw latér. . S S

N . -
"Pyréthrum is an alternatlve in some areas but ‘the life ,
éycle is: only-four yeatrs. 'Tea, on “the other Jhand, has a life span ,
" of fifty years or more. . _ ‘ . L
A "o, . 4
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. The second pdint of interest in equation (II £ 5)"is that ~

there i5 a read11y avallable dlscount rate whlch 1s the same . for all-

farmers. The farmers can obtaln credlt from the KTDA for stump

‘purchases up to sixty per cent - of the cost of plantlng one acre of

-«

i .
teas The 1uterest ‘rate on this loan is 6% per cent per annum.5

. —

After a farmer has ‘planted one acre, credlt 13 ne longer avallable. L

f?om the KIDA for thlS purpose, but -very often commercial bank 1oans

4

(at 9 per cent) arezavallable owing to the regular,‘monthly nature
of the'receipts which the KTDA often pays directly into a fHimer's
bank account. If the investment is worthwhile on loan capital at

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

- funds limited to this purpose. Ccmbersely, farmers may well cease

to plant tea after reaching the one acre 1imit.~'Having these dis—

count rates s1desteps the possibility of every farmer usrng_hls own *

rate of positive time preference amd hence preventing any‘meaningful —

* interpretation pf the relative performance of different tea farmers.

. N . \ h -
‘. The foregoing discussion suggests some of the. reasons why
there w111 be a scatter of“observatlons from cross sectlon data such

as are’used in tth study. Theoretlcally, 1f‘§pe works from the

assumptions of technical and price efﬁlclency and of a perfect mar-‘m

ket‘for the factors of pfoductign,-then all firms should be 1ogated.’

on the same ekpansion . path." Add to this an agsumiption of a perfect-

4’l‘he full prlce of.& stump is 30~cents ‘and” there are, on _.
average, about - 3-000 stumps per_agre.. Thus the capital-cost for.
material for plantlng an acre of " tea is “Zbout 900‘sh iiﬁgs._"

4 : L

SThIS is conSLderably below the open market rate but some- R
what above the rate-at whlch KTDA 1tse1f was paylng the 1nternat10nar
lending agencies. . :



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

o g .

- ., . . < .
product market and then all input/output observations should be

v

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

hypothesis of this study that in any given homogeheous geographical

»
location there is a basic’ underlying;- technlcally determlned pro-

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

. . ' . <
supposing that there should be a scatter of observations on the

p%dduction surface. First, individual assessments of the mafk%t may

differ. "Given the multiple ;ime periods with which the farmers ate -
dealing, the expectation of future prices (pt in equation II - 1) is
likely to vary among individuals. Secondly,, the individual credit

worthiness of farmers will vary. Some farmers &ay not have the
initial deposit (of forty per cenﬁ) required for stump purchases.

Such farmefii are unlikely_eo have ec%eptable.eollateralrfor bank

loans and the rural ‘money.market i$ not geafed to long term loans. -

i . & :
Thirdly, farmers may be brige inefficient in input space. Thus they
may be operating on--the frontier production possibility set but

L4

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

et

inadequaté supply of planting material. The limited supplies are

rationed out at-set prices to those farmers with the desire to plant
1 . . > ) > s

v

andHWith sufficient cash to pay the deposit for the‘tea sﬁumps. The 3

'-ratlonlng at the local level 1s done by elected representatlves of *

the growers and has tended to be falrly egalltarlan. No_tradlng is

_permitted ambng recipients of the,stumps. Thus while'optimization ,

in 1nput/output space (equatlon II - 5) may 1ndL£ate one level of

> .

production, the 11m1tatlon on a factor s supply restrlcts the domaln

>
~ e

_and, if the restrlctlon 1s blndlng, that 1nput becomes a flxed factor
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» -

of‘productioh. ‘But for each farmer. 1t may be fixed at a d1fferent,

PO - . -

arbitrary level, ice. it is dependent on the allocatlon committee’ s

R

. decision. .
This explanatlon as to why, withva glven set BE- factor prlces,
.. ‘ ®  we obtain observations .along a segment "of ‘the productlon function,
..conforms ba51ca11y with the. c13531cal approacb of Marschak and
d I
Andrews. However, our flxed factors, 1nc1ude not only entrepreneur-»

~ ship6 but also the constraint on the supply of planting material,

*
Next, t@e scatter about the function must be noted. Provided"

. the. production functiop 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
- . L E T
,probability distribution. - However because of the lack of knowledge-

o —— -

about the productlon process, or for lack of adequate data, the econo-
&
mist is rarely able to spec1fy the full set of conditional probablllty'

dlstrlbutlohs in a stochastlc relatlonshlp but rather must specdfy the

- parameters ‘of the most important subsetefjgn;theee~circumstances, the”
. . . .
i . . A . . -
omission of variables or the misspecification of.included variables
; =8

will increase the residual errors.and bias the coefficients of -the

-

"included‘variables.7' 4 ’ o . )

The discussion thus far has been traditional in assuming that

6 See, in partieular, A. A. Walters discussion of the Marschak
arnd Andrews model and the exogenous variable (16, p 14~ 16)

7 Yotopoulos gives one of the good foimal presentatlons of
the logic of,this sectibn (18, Chapter 3) .

-
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technlcal eff1c1ency ex1sts.8~ That ‘is to say;’the trad1t10na1

o [

e

production function descrﬂbes only the efficient technlques whereby m

maximum output of -2 de51red commodlty 1s produced for.glven inputs.

-For many years d1vergence from technlcal eff1c1ency was deemed to be.

-t

a management prpblem and so outside the range of economics. This is

.

~ no longer the case (see, for example, 1, 3, 19;'13,&12, and 17).

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

efficient than the best. Thus firms are.not all producing aleng the

'efficient frontier of the'production possibility set but also at

inefficient interior p01nts, such as polnt N in Flgure 1. Once this

s

_has been admitted, then the stochastlc error term contains more than

just random "noise". One is no longer .estimating a'purely'statisti—
] ; rely.
s } p . . :
cal avewage of-a scatter of points along the frontier, but some’ .

interior "averagel. ¢
R

Some “firms could therefore produce more thanxfhe average,
some less. But the meaning of such an "average" functlon
.is not necessarily clear. Average in the sepse of what}

A conditional median? -a mean? or a mode? More 1mportant1y,
average about what?_ about some 1nput7 about, technology?

or about something else? Some’ economlsts refer to it a$

the function for a "firm of average size". This inter-.
pretation cannot be correct unless it is assumed that the
parameters of the functlon are random Variables and have
their Fxpectatlons equal to those of the firm of ' average
size'". "Others seem to refer to .the average function as-
reflecting some sort of "average teahnology". .
(1,pp.829-830) N ) i

°_.The problem can be illustrated by a modificationwa Figure 1.

.

mlnsread%of a produerion possibility set with a single -efficient

{ =N .
I . . e . -
frontier product;on’functlon, it 1s suggesred that there exist a:

8.

Peter Tinmer- and, -in partlcular, to hlS lengthy ‘discussién paper 157

The folloWLng discussion owes a heavy intellectual debt to .



Figure yo- leferlng Efflclency Levels in a Productlon ; "_‘"
Tt - P0551b111ty Set + - 3

Output -

oy

Lo Labour Ihbut . .'b' ) S

»

family of productlon functlons‘deplctlng various eff1c1ency levels.

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

, - 0Z is stall'the eff1c1ent frontler. oY, OX and OW are - .

progresslvely lower efflclency levels, wh11e OA is the functlon - -

reflectlng some sort of ‘'average' technology a“ : , .

,
e

- The conclu51on is that in situatifons of rapld technologlcal

N B

changé or where there: are other reasons for bellev1ng that technlcal

K]

efflclency on the part of flrms is an unacceptable hypothe51s,

- i
3 -

exp11c1t account must be taken of thlS in the spec1f1cat10n of the

productlon functlohﬁﬂ Clearly, a hypothe51s of technlcal eff1c1ency _i

must’ be unacceptable in the case of the smallholder tea prcductlon




D

‘is incorporated into the .multirproduct farm. Consequently, even . -

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

" Farmer". _The mounting literature onm the” subject is evidence of the-

heff1c1ency found 1n cross sectlon studles of flrms 3, 9, 10, 11, 13,

Tlity. . It is thus an, essent1a1 requirement of thlS study that ade—

-32- ‘~”- .
in Kenya since thls is a new crop with the whole range of unfamlllar
productlon technlques, or cultural practlces ‘noted at the end of--

Chapter I. This is not a case"where there 1s some constant rate of
b

v

technical progress with the progress embod1ed in’ the relevant v1ntage.‘

“Nelther s there merely a 51ng1e techn1ca1 1nnovat10n belng accepted

.

- along the usual 1oglst1c adoption curve for new practlces. Rather“

o

it is a ‘situation where a single new product, with a technglqu

radically different from that used on the common annual Tdod crops,

_among théyfarmers who "accept" tea (i.e. plant tea stumps) there

will be a w1de range in the degree/to which the’ total package of_
1nnovat10ns is accepted It w111 become important for this study fo
".

E-full the new technolcgy), "average“ farms, anq those performing.worse

than average. .~ ) A _ .

B . B —

L This,concern with "technidal efficiency" is nothing new.

Within the less developed countries the variability in efficiency

. between farmers has for long found explicit expression.din such des—u" "

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

- > . . ) ’ ) . L8 Vo ‘ oe
growing 1nterest.of economlsts in éxplaining the wide range in ;- <

> . -

15). Agrlcultural extens1on services and econommc theory recognlse

% N

“that the uItlmate respon51b111ty for the degree of efficiency on‘a o

£

given- farm must 11e with the farmer. hlmself and hlS managerlal abi-

. o N .
quate attention be paid to thé7é:2EI§ﬁ of ' techﬂical efficiency .o BE

N -
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2. “The Production Variables- -

,')" - : . . N

CA basié¢ rule for choosing the appropriate algebraic form for

a producfion- function refers to the "logic, or'fhe'bésic‘ﬁebhanips

of‘the'production prbcess' (18; p.48). It ﬁas?fof this ;éasbn that

L

fant

- the mechanics of tea productlon were dlscussed in some detail in

e
1 4

Chapter I aqd why it is now necessary -to elaborate further on the

-

production variables before discussing the functional form in‘tﬁe

next chapter.

The full ‘set of production variables for smallholder tea can

be représentedvas follows:

Q,

VWhere

TQe

int

%,age k on farm i in year™t.

L.

F(Xklt’ Uie? i’ Di’ Cif’ Mit’ Mit—l “"'Mit-s)

L T

1t

Cit

"

M. ,~M

it-T

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

is the number of tea "stumps" (i.e. ‘bushes)” of

.

is -the number of man equivalent hours spent’ in,
plucklng tea. e

3

_is an index of marketlng dlfflculty constructed
by meaSuring the distafce of any farm i. from the
nearest tea "buying centre”.

LY

is’ the -land input of farm i}

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

.....M =5 represents the present and past cultural

practlces of the farmer in terms“of the optlmum
preparatlon of the land before planting; the correct
spacing of plants; prov151on of adequate shade and
myulch for young stumps; and, finally, correct
prunlng procedures and fertlllzer appllcat1on.
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Output (Q ) is measured in pounds of green leaf dellvered

by the farmer to his local "tea ‘buying centre". It is here that the

. .. . . .
leaf is inspected for quality and that the farmer receives his
’ v : e '

receipt. ~Consequently, this is the logical point at which to measure

farm output. : . - ‘ _ e

<

.

9

/'.,
A The Eirst and most important’ of the input categories is the

actual number of tea stumps planted in each yeai'(int . At any

bushes of dlfferent vintages. In terms of its contribution to the

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

a 1ogistic growth curve such as that depictedrin Figure 3.

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

specific téﬁrﬁrowing area in Kemya. All tHat is really known is

that it takes nine to ten yeéfs.fdriaktea plant to achieve maturity.

Since this process of maturation is continuous (but for inmterruptions

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

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

can also be made. This is essentiallyell that the KTDA has been
-89, . oo .

-

h
-

K

9Its 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

tea. Once the stumps are planted, the farmer has a severely

constrained set - of dec151on parameters. ~

10
1968 article in the Journal of Tea Boards of East Africa by the’

. Authorlty s chief techn1ca1 offlcers, Mr. Gacoka and Mr. Green.

‘

The latest official communicatiofh on the subject is a

@.

one_time, the farmer's stock of tea bushes consists of an amalgam of

~

pr——
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. Figure 3 - Hypolhéticél Yield Curve for a Tea Bush \\‘)- i
a - . L) -
Yield 1.5 - -
; (lbs. per
annum)
1 -
K -
S i on - o Tine (Years) o

.

arwY
- e
A

The Authority arrives at its estimates.by using recorded

growth curve. Then, ﬁlnce thls data refers to only the one Spec1f1c

1
area, rule -of thumb additions and subtractlons are made to thls

.
«

curve to produce a famlly of curves 31m11ar to those deplcted in

N Figure 2. The yleld curve chosen for- any partlcular‘area is that

which appeéars to "Eit" best w1th actual productlon obtalned so far.

Each curve is given 4 name or ratlng. The yield ratings:turrently in
use are; shown in Table 4 and range from Extra ngh to Extra Low. .
# e

- . LlNot only one -area-but ope farm in the area.‘ Their technique
" could* be widened by examining the -performance of all those farmers.
- who planted tea in .only one year. Although this is unlikely to -be a
- L representatlve “sample,- Brown appears to have received y1e1d estlmates
! from the KTDA obtalned in thlS manegr L2 R 7)

k]

b2
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Normalised versions of these figures could be used to con~

“vert stumps of different ages to a “mature Stump equivalent" and,..

hence, the totdl stock of bushes could be surmed up to a "mature

if data on plantings were &vailable for many farms, it would be &an
urinecessarily -¢rude procedure to build on the rather uncertain

foundations of these yield ratinéé. -

‘ . - nl2 : Lo
acre equivalent"™ " for any given farm, or group of farms. However,

Given the planting dat4, how are the various vintages related

to one another.and to total output? Since there is unlikely to be

" any interaction between one vintage and the next, the relationship

will be a linear one:

SR N o T =
QB 8K * e - .,_(_}1 D
where Qt is the output of tea in year t N
5 o .
© By is the yield of 3 year old tea stumps
X3t is the number of year old tea stumps in year t

“eeeesbe.

" - b ' . Y . -
,'Tﬁgwlinear funetion (II - 7), which, by itself, necessarily

dpser Tt T i

‘assumes that nonme of ﬁhe.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

. randdm‘in;hbst-samples of seed (such as'those of the KTDA), and,

Y

i 12This is dh;logous to the procedure for calculating "man
equivalent" units for labour and, indeed, when ‘any vector of inputs’
is aggregated: o L . ’ i

. -

1

oD
po—
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consequently, there is no reason to assume that' there is any system—.

M o P . . . . !
atic divergence from a linear relationship between oUtput and the =

number of stumps planted, - el

® . . _. The next imput category‘in the list of-variables in equation

(11 *fé) of labour. Lit is the number of man equivalent hoursl3

.

spent in plucklng tea. Now "labour‘is considered to be a prime fac—'

tor of production in classical mlcro-economlcs and in thlS case 1t

is certainly a necessary input: withput labout there can be.no
output (in the sense in which it has been defined)}. Buf what is 7

4 s > -
the line of causation? Does labour input. determine output, or does

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

input? We have been careful to note the uniform and strict plucking

.instructions L§§ued by the KTDA (seggéfpendlx I).. The KTDA, belng
the, complete monopsonist, is 1n a position to ensure that its

orders (?!) are complied w1th It is interesting to note that the’

kY

KTDA relates poor plucklng toﬁﬂanagementla'and not to the labogr

input per se which is technically determined by .the length ofitime

it takes the eye to seek out and the hand to pluck "two leaves and ™
o : R

-
a bud".li If this is the relationship between output and labour
‘ v . 3 A""Q;\‘ ) . ’ . ' » ’ ) .
then it is incorrect to include labour ‘as' an input in the production

-

1qwe are lmmedlately maklng as assumptlon that we know the
- "appropriate weights by which we can ™add up! male, female and
Juvenlle labour. We don't know these welghts. ‘Here we are mérely

using the unlt for convenience of exp051t10n.

e . v

o . . .
”:E;§See Appendix I, paragraph 2.(4).

15Th1$ is not to deny that there is a w1de range in the -
skllls of 1nd1v1dua1 pluckers. :

%



:'; output, they would also perfectly explaln the ‘labour 1nput. In

- —3'9— -~

Tt Ly

function., In other words, if our other 1nputs perfectly explaln

. 1

statistical terms,‘this is a case of complete.mﬁlticolinearity of

, L. . .
inputs. In cconomic terminology, we have perfectly complementary
‘inputs. . : o .
. . - J .
There is a possible objestion to the above argument., No

account is taken of relative product prices which mdy affect the.

labour input in any one crop at any one time. But this 1mp11es that”

~—

- e

labour is a binding constraint in the production prccess. Two’ tech—
nical ‘aspects of tea production should be recalled: first, plucking
"rounds" are spaced between five and _ten days apaft and any one

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

‘tea 11 Kenya La ‘harvested throughout the year w1thout the. peak labour

‘¢gemands usually associated w1;h agrlculture. "In spite of the hlgh

e 3 . b
labour demands of the crop, these two factors allow a dlsp;@cturange
U

¢
-

+ of flex1b111ty 1n t1m1ng which minimisés the competltlo;\hetween tea;

.

and other crops for 1abour services. Furthermore, 1n these rural

o

areas hlred 1abour 1s available at costs substantlally below the
legal’mlnlmum (or unlon} wageggforced upon the large scale estates.

There islthe additional problem of the labour inputs other
than plucking. 'Theee arel"cleerihg and digging", "ﬁgéntieg?;

.

"mulching", "weeding", "pruningﬁ and "delivery to buying centre'.

1-fr’rj.‘ht.ts the ryral wage rate in tea growing areas is about

sixty 'shillings per .month while estate wages. are nearly double this
figure ahd the estates provide superior accommodation and sovial
‘services. Against these higher wages should be set the stricter -
discipline insisted upon by the estatesi

i Y
L
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AThe first three are related to the initial Iife of the stumps.
Improper plantlng procedures are probably more 1mportant in deter-

vmlnlng the vigour of the bushes than is the -actual time spent on the
—— ‘
operatlgns,__Conseqnently these inputs are betper classified as-

managerial ‘than labour. The same is true of the last item, pruning.

Unllke many “other perennial tree crops, the weedlng requlrements

are’ mlnlmal after the fourth year in the f1e1d The closeispaclng

of the bushes, the wide Lateral growth of the. branches and tﬁe dense’

foliage block out light from thé ground and consequently inhibif-the

growth of weeds. The last category, "delivery to buying centre") is

considered below.

There .are two aspects to the input of land (Sl)_on a given

br_!':

farm —~ quantity and quality. The smallholder" producer has not had

—491nuch choice regardlng the spac1ng of his: plants - the same recommend—

ations go to all growers, Eggséﬁhently, there is a fixed'ré?atfbn—
Shlp betieen the quantlty of land and “the number of stumps planted

We therefore regard a planted giump as composed of the stump per se

Y
pfﬁs 1ts assoclated land. As far as quality is cobncerned, 3011

fertlllty w111-pndoubtedly.vary somewhat between farms and between
fields on a given farm.. Furthermore, the variability is likely to

- R ~ - - N -
increase as the size of any given sample area increases,

The analysis of the effects of varjiné climatic conditions

‘@ The an ¢
on the growth and productivity of the tea bush has_been Ehe.smhject

of many seientific,articles (see, for example, 12 and EZ)..ATﬁe -
important variables for the micro-climate (Cit in equation II ~ 6).
_ Telate to both metéofological and plant conditions. A list of the

- . o
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variables would include at least the fbllowiﬁg:17' —
. = 1) Meteorological: VRadiation‘or sﬁﬁsﬁine hours-.
. ) ©  -~Mean air’temperature

7 Mean temperature of dew p01nt
i~ Mean run of wind
£ o Ralnfall

(2) Plant/Soil: Depth of tea root ‘zone
Water content at field capacity
Watermcontent at wilting p01nt

. - We are interested in two dlmen51ons of the mlcto-cllmate.
the inter—farm- varlablllty (C ,) and the 1nter-year varlablllty (C )
{ ' nInter —farm differences in climate, as with 5011, are llkely to in-

**** ' ’ crease with ‘the size of the sample area. Climatic conditions on

~

neighbouring farms are likely to be nearly 1dent1ca1 slnce each farm

is only about ten acres in size. A given tea buying centre willr
EA
have tea delivered to it from farms within a radlus of . about one

PYt

#¥le and here again, but for a minor exception noted below, climatic
s & . N o
-~ conditions can be consider@&@d to be uniform. The size of area which
: 1

: ) v “« | . et " . «
. " can, for our purposes, be considefed to be homogeneous regarding
land and climate will be the subject of.later statietical analysie.

-

= The data demands for 1ntertempora1 cllmatlc changes are, as®

the above list indicates, considerable. Were the data available it

<

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 ease, the only variable on which ioformation is reeoily'
- o available is rainfall. While rainfall is~ob;iously important, the
. . ~ tea areas of Kenya generally receive ralnfall every month and it is
the vire year (e g. 1967) when m01sture 1s a llmltlng factor (see
_’7:.\—112,p 390) |

17 For details seetlj); i ‘_ e

"~ .s -t -
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N

Some of the teargrowing areas of'Kenya face an additional

problem whlch 1mp1nges on both dlmen51ons of the m1cro—c11matew ‘~The
q

problem is that of hail damage (14). Hall storms tend to be SO

hlghly 10C311$Ed as to affect 1nd1v1dua1 farms rather than groups of

e -— ~ e

.

farms. The wrdth of a ha11 storm may be. only a couple of hundred
yards across and its path random.“A severé hail storm w111‘r1p‘of£

most of the leaves from the bushes and has the same effect on immed—y:
N P AN
iate production as pruning but, unlike pruning, gives'no long run

benefits. AIt_mny take three months. for the plants.to recover. Hail

introduces some very genuine exogenous '"moise" into the data setu

The rogue, elephant whlch caused 51m11ar damage 1n days of old was

-usually shot.A Rocket technology has 1ntroducod a 31m11ar approach

w T

to solv1ng the hall problem. (see 8):

It is possible that the distance that a given farmer has to

carry his produce to tie, market might be a limiting factor on output.
}

_ That is to say this trangportﬁtion fector (Di)‘might impose a maxi~
mum quantity,that the farmer is able or willing to carry. It is with

IQ' thismconsideratiOn_in mind thnt the KTDA™ has trieo to keep growers

| within a mile of a buying centre. Given this type-of grouprng, the’

problem of transportinghleaf from the garnen to the centres is not -
likely to be-seriousr ‘ .

We turn, finally, to.the .managerial input (Mit5 M

ie-1°
...Mlt 5)"-\b“oth in the current year and previolis years. While manage-
= ment_isrof importance‘throughout the 1ife of the plent, it is‘thel i

careful nurture of the’ young tea plant that is partlcularly crltlcal
- IR,

and justifies our descrlblsg the multlperlod productlon functlon as-.

a point-input — multi int-ourput probess. There are; however, many” ’ -
P TR ' %%&;;;' i e S Mend -

. .- Syt

at
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phase31n the cultivatien of tea during which 1: is p0591b1e for the

smallholder not to achieve techﬁlcal eff1c1enpy. The potenE1a1 for,
inefficiencf.starts.ih the’pre-pianting phase and“coqtinues rlght

through the plucking phase. -Thus rt is possible for a gooaﬂggrmer

to ourd to bad'precrices at any stage ;ﬁ toeAiife of-the planﬁ with ¢

a resultant adverse effect on yield. The convérse is, however, more
: . - ' Y -~ 4‘
likely. It is more usual for less efficient farmers to try to raise

their level of management. - The problem here 1s that poor planting
g

" and pruning practlces 1n the early years affect the frame and for-
mation of the bush in ‘a manner that cannot be reversed. It.ls thére-

. - 4 B P _‘
. fore reasonable to consider -there to be a single management variable
s

‘on each faro Ehet does not change over time. Hence, in the next
chapter, we ;ﬁgll consiéer,H- aera management oariable and exclude
stHe time subscripts shown 1n equatlon (II - 6). Thus the hltime;e
responsibility for 1nef£}e;ency is. placed#on the managerlal abilities

)

of the farmer. The‘problemqyiph~p1aciﬁg so much weight on this fac-

e

tor is'that, unl%ke the.ocher'inputs; "... there is no generﬁrfga\
accepted cardinal measure of entrepreneurship”. (16,p.5) ?Sinoe_
it is a non-observable, nonvmeasurabie inpue, &anagement is judged
by the resulrs of.itf decisions, i.e. by the degree of efficiency
achieved in oroduetioh"}-v(iz,pLB) ~

-3. Summary . 4 o . - . —
& A ) - L. - .
- This chapter has been concerned with'a discussion of the

c

nature of the production futiction for smallholder tea from both
theoretlcal and practical points of view. The theoretical impli—‘

%
cations of the poly perlodlc productlon process were examlned and . . § -

- “

reaSons were'advanced as to why it 15»lee1y that there will be a




Clhl- - - . - ~
gcatter of input and output data points for these farmeérs. The -
practical’ importance of a set of six production variables was then -~
) discussed in detail. . = \,,;
S The.next chapter will discuss the s'becifi.cation of a sta—
tistical production function that is consistent with the hypotheses
. B R : . . L .
.. that have been advanced’as to the nature of the production process.
;.‘ . ‘ = ‘v ,_’ _: ] ] U - . . . . .._. .
3 . For_this specification to be correct, the variables that have -been
- .di\scussed must be included, if not exfnlicitly,. .then, at least, )
. =~ PR . ’ ) ~ ’
- CY dmplieirly. T
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'CHAPTER III. .

- THE PRODUCTION FUNCTION II -~

.
-

B

1. The Data Set

x

From iEs inception, the_kenya Tea Develbpment Authority.has
kéft individual recopds for all smallholder tea férmé} These recordé.
include plantiﬁg 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‘ghere were more than 20,000 regis-

, .
tered smallholder tea growers — each with his individual records

. . . . 1 . . . .
being maintained by the Authority. Tea is grown in twelve Districts
of the country.” 1In-each District, there are one or more "factory

h Ty ’ &
; 5

areas" - the local unit of control of the Authority - vhere detailed ,
- ‘accounts of weekly tea deliveries by growers and monthly'pajments to
growers are kept. This is also, the operating unit of KTDA' extension

-service, which has recéntly started to'keep records on the cultural

> standards of individual farmers. Three of the Districts dpminate

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

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

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

7

%

1Byv’l969 there were close to 40,000-growers,

¥ -

2 e Loe . L . .
ce The national administrative.units are, in decreasing
order of size:  the Provinces (of which there .are seven),
Districts, Divisions, Locations and Sub-locatioms.. -

- . ! »

- . 47—
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a

potent1al acreage in the non-scheduled areas.? Kericho and Kisii

.

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

and‘Nyanzaf?rov1nces respectlvely. Kiambu 1s "East of the let" in

Central Province. (The Dlstrlcts .are shown on the map on page 14 )f

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

X . ' s 2 . b .
4 team of eight enumerators superv1sed by two senior enumerators,

undertook ‘the collectlon of detalled 1nput 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

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

yotﬁ'Kerieho‘and Kisii and four in Kiambu. The breakdown of the

- . &7 . R . 3 . .7 5
sample by stages't%om the.District, through the Divisionmal level, to

- the-local market places-is shown in Table 5. The tea buying centres

were generally located at or near the market places (but see, footnote
4 N b 1 =
to Table 5)
F0110w1ng an 1nten51ve public relatlono effort w1th the

elected growers-— representatlves on.the District an§§§1v131onal Tea

Commlttees, twelve farms were randomly selected at public barazas
o

. (Swahili T publlc meeting) ‘in each of the sample areas. - These

farms were visited twice weekly for the perlod of one year in -order
EE

tq collect data on all inputs (partlcularly 1abour) and output

(partiéplafly eeles). E

5,

3The 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 gtill used for
descriptive pufposes.- '

hd -

- . : . " "

W




" v.w . A3
¥ ry \ .
s .~ i .
. : .k 1 .
' 4 . B - . N
*5313U30 IN0J mo n: apEm Sem umzmcmpmugmm DUWAIIXD umnuo mnu_u¢ .wuuﬁmo.
yooer ms.:?m 2213uts .m osTe sem oquod3el ‘saijuad wc.;:a a13urIs "axe [, SAIISND,, nqueTy ay3 sy * SUO\ '
” Qownma a9Ma3 Sey NqUEeTH oTTun sex3jua) SutAng TTewWS mnmE mb 03 puel 21943 TTSTH pue oyoiasy ur m:n. i

. v ...uw>o pue-
ummh ozu\dwwm saysnq. vms muams nmw jeo1 teo18 peisaTTep. £1TeNIoE Oym mkwsonm mnu Saen ssayr” N

N . — — [

L Clv eaethen el T .. C v
P o ozopuny 78 npunjen ul 7 | . o : !
. eedEy €1T B S1 £2sT ,
P BYTITY 09 13n8uny3ty ut ¢ Co
. ) . o -
¥ eLuakuay 9Z1 BaTWRAN UT Hg 2 . z
oquogey 71 3nITH UT 1 NN TLET TISTH
R 19m3uageadey 901 utouoy uT T | ,
'981043Y) B UTEITT 611 " 3eang ur 1 09 L9t +OUTATA )
e - P 8 s : .
o -
i , 20814 s19M039 - a4 ) Lot e c
383aeR 3sdieaN 30 *oN "UOTSTATQ Pue °oN saxiua) Sutdng e . SI2MOIH o
" * T ' 30 ‘oN 1®301 *ON T®3IOL 3911351Q ¢y
q po309135 $193SND . :
. . momalnmwﬁ hw>m:m wieg 103 peldaTeg saijus) Jurdng AL - S 21981 .
¢ . . o ,
: § & ' . C.
- . £ , ﬁ
) .s\ﬂ 1 . :
- ' v : -
; R i Y




; o e es0m L -

B . .

Thus the data set consists of two paféé: the first is

composed of the plantiﬁg and outﬁut Tecords bf the farmers in the’

. ‘primary sample for the perlod 1959‘to 1966. This provides a cross—

section, time-series data matrix of 874 farms and f1ve years. The

second part consists of the,detalled 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 1ab5ur,input data from 48 of

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

inputs noted in the previous,chaptét.

2. Statistical and Economic Specification

- .

- ‘N,,,“' -
"discussed.ih$chaptep,II, 1t was: suggested that the number of bushes

.
-

..

.

Ty

re

.
&5
. »
BN N
\‘4)—\
>
P
N
-
.
.
,
- “ .
L4

s

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

oy L .
ables in the input set. It was fuﬁﬁﬁer suggested that vintages of

2

tea bushed*do not interact with one anoéther, so that their contri-.

bugions to output are additive. Takln merely these mechanlcs of
p g’

. ! . £

into account and assuming for the moment that the other

variables are redundant, we can write the produgtion functTon:

i - 7 . . . ]
I L E B xkit tofie L amene
Ty )
where Qit is the output of green leaf from farm i-in

year t (i = 1,..., N and t = 1,..,T)
- A
int is the dumber of stumps of age k on farm i-

in year t (k = 3,...,7) 5
R, -
. Bk is the y1e1d of green tea for stumps k years old-
. 36" " is the’ 1ntercept - :
. . > f“ = N
€ -is the stochadqéé'error,term !

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

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

the complex set of recommended&gifitlng and pruning.practices that is
. - - v -

“In order to use the least squares estimator to estimate- the

coefficients of thig equa;ion,wit is assumed that the error terms '’

are normally distributed with constant variance and zero covariance -

both between farmé and between years on a given farm. Independence

between the regressors and,the error terms is also assumed. 'This

. ) - . a . ) )
last assumption, however, is doubtful. 'There are ample reasons-for .
L4 - . .

-

expecting inputs to be measured with error. Ihe planting data refer |
spec1f1ca11y to the recorded sales of tea stumps by the KTDA to’ the

farmers -.not to.the number of stumps actually grow1ng 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 minor.

& T
but there: is. undoubtedly a mortallty error in. the data, tending, to °

"bias the estimates downwards. Furthérmore, contraryAto intuitive

v

‘expectation, to the extent that illegal planéing has ‘taken place

(usually with stumps stolen from the large tea estates), the eStimaéégzs;
co-efficients will again be biased downward: (§J'p‘l48—150).71n

practice, this last error is the only one of real significance since-
the coefficients can_be interpreted as being recorded stumgfﬁﬁf@hgses
-

least-squares estimator is appropriate, although it would not be
; L2 s

valid as a technique for obtaining,unbiased estimates of the strictly
biological parameters , (4),-

i

. The second input category discussed in Chapter II was labour

(Lit'in equation II - 6). Tea growing'is a labour intensive occu-

. pation but during the first couple of years it is the adhefénig to
N - - e

.

T . . A

.
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crucidl rather than the time spent with each bush. Hence, it is

‘,hypothe51sed ﬁhe absence fron the data set of detailed information~

on the _labour- 1nput in planting’ and prunlng young tea bushes is ot

. e
a serloug'dlsadvantage prov1ded a management varlable can be intro—~

.

. duced into the equation that is to be estimated. "Furthermore, the
labour input in plucking was hypothesised to be jofntly 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.

Thé omission of this variable means tﬁgg;”wher%git‘is not
perfectly complemgntary with included inputs, its effects-will be

. ~ -
included in the error term (eié) %n equation (IIL = 1). There is no
~  reason to believe that this will invalidate our least squares

.dssumptions. . : - -
e —,CLJ.»ma-t-ac%ndr soil Mereﬁe@—‘—beeweeﬁ»farms (Ci and Si) were

‘thought to be important. The difference in the physical environment
» " tendsto be.greater the larger the area in which the farms are located.™

¢

Micro-climatic differegg%g can therefore be minimised by dividing the

P data set into areas that can be considered homogeneous. The Tea

Buying Centres (or clusters) are convenient £or this purpose since

-

éhe radlus W1th1n Wthh farms are located is only about one mile.

“Such a grouping may be too cautious §ince all these buylng centres
P . are located in‘the "Kikuyu-grass" ecolbgical zone; are betweén 6,000'
and 7,000" in elevatlon, and have “an annual rainfall of between 1,300 .-

and 2,000 mllllmetres (say, 50 to 79‘1nches). There are differences

. . - " however. Kiambu has a more distinect bimodal rainfall pattern;

N . * . R 2
. -

N . k3 . R . 3 - - Y '
cloudy, misty conditions tend\ggigff51st into the late.mornings
o S S .

c -




(incidehtaiiy; this makes tea plucking a tather yet'and cold job);
: - . . . ) V L . —-7‘; . * o O

“and, finally, unlike Kericho But like Kisii, many 0of the farms are T
“moqutgep_sIOpés.~ The climatic differences are illﬁstrated in

]

Figures 4 and 5%~

X [ -t N
Whether the diviéiqp.of the data set into these sub—groups’
. ' is valid can be‘tested by examining the estimated coefficients. For
e example, the hypothe51s that 1nd1v1dua1 D1v151ons w1th1n Kiambu

District are ecologlcally homogeneous can be tested by comparlng the

yield and year efféqt coefflclents of samples drawn from w1th1n each

-~

Division. The following proéedure is adaﬁted from that set out by

~

Johnston (6, PP, 136 139) and Chow (2)

#* . !
Write the matrix equations s
. _ BT . L. =
— ¥, ?(1_31 jr-.zl Tty L ‘ (I‘II 2y
Y-i o= X_z BZ + 22 72 + vy (III -3)
§5ﬁ ,fﬂgére subscripts 1 and 2 are the first and second samplés from a

Division. . Let X1 aﬁd X2 be the matrice§ from equation (ILITI™= 1).

a&gmented;by the inclusion of a dummy variable for eacbbyedt included

-

+

in the time series, wHile Z, and Z -ate matricgs of farm effect dummy

1 2
; L variables® Thgt %1 is of order M1 X Kl + Tl and - X2 is M2 X K2 + TZ’
z, is M, x Nl#apd‘ZZAls of Mox N2 where'N is the number of farms, o,

- N -

“M is the number of cases (1.e. the total number of pbservatlons);

K is the number of yield Vatiables and' T the mumber of year variables.4
Ny S

. 4The durmy variables for year effect and -farm effect
variables are discussed below, It will be observed. that the procedure ) T
'adopted here is to paltition larger data matrix in each area (call
(it W, in area 1) into two matrices (i.e. X, and Z,) to make it clear,
that we are only ‘testing the’'null hypothesis regarding a subset ...

. (i/e. K, + T)) of the full set of varlables 4@ g Ky + T1 +.N )
- Sée Goléberger 3" pp 174-1750 . . Pl .
S\ ! i - .
: . 4 Y ‘c P . e a
v L : ' \\—’ FoooTITm T T
= = e $T e -
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. © Fig. 4. Long-Run Averoge Monthly Rumfall '
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Figure 5 - Daily Pattern of Sunshine for One Year

' . a: . *
at Limuru (A)" and Kericho (B)
' A Limuru s B8 Kericho -
MARCHE‘_&_ ¥ s
S R e
, A W H
>
’ 18h00 06h00 .
Local apparent time - . et .
)
N g . . R a
- * * : M : . -
X From (11, p.391) : .
a .. . . " . ' .
- Limuru is contiguous to Kiambu and their tea growing areas,
. to which this data refers, have similar climates. -
: . M : .
- h “*
« - . . - - . !.»“" . .
e . .
- ' " ~ (O Y
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. In this problem E} = K2

and T, = T,. If we set'ubﬁthe'hypothesié
" that é1° =8, =8, the model becgmééi;

v

- C(IIT - &)

2 2/ .. \1
: - Take the sum of sqqaréd‘residdals in (fII - 2) and (fII - 3),.
and add them; " call this\Qz. Then take'tﬂe‘é;m'of squared residuals
“in equation (IITI - 4) and.call this Ql. Now use the F ratio:

(Q -/ &+

F = (11T - 5)
T QG N ¥ O, - N) - 2K+ T)

with K+ T and (erﬁzﬁl) ;,(MZ - N i‘—‘Z(K + T)'degreés of freedom.
. > .

2

(‘ .o ' 3 | 'l M .
—We would reject,the hypothesis that -any two_areagﬂ be they locations, .

a

. Divisions or Districts, are ecologically homogeneous if E > Fu’

where 1 — o is the desired confidence level.
.- : It is necessary next to take account of inter-year differen—

s, ces in climate. In all areas there weré substantial differences in

A

the rainfall over the period of sﬁudy (1961/62 to i965/66),.as is

.’shown in Table 6. -

. It was noted in the previoﬁs_éhapter that: thére, are many flore

- -

parameters to a"moisture balance equation than mere rainfall. The

N B a . ¢ . . N N - - ‘.= .
information is not.available to construct the necessary index for. the

' o . . . _ i . - ) - .
explicit inclusion of weather. The variable can, however, be included
. - - ~ -
At ) .

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

. . ~
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Table % - Annual Rainfall in Kericho, Kiambu and Kisii

" '1961-1966" (um)

Period® ' K(_erichob ’ Kigmlauc ’ : ‘Kisiid P _F

o

1961/62 2,010.7 © 2,118.8 2,226.8.

1962/63 1,800.5° + 2,103.0 ©2,609.3.
TTTagesses . 1,723.7 1,867.9 ' 1,969.2 . R
1964/65 . 1,177.7 - 1,153.1 1,545.4 )
. 1965/66 1,647.5 ° 1,787.2, - .3,780.4%
Long term - ‘“"1 i . A o L )
Average - ... 1,548.2. - 1,%414.9 - 1,800.6 LT
“: - - R N . -
. { - i
* - ey - o . Ty
Private communication. from the East African Pieteorologlcal
Department. = ) '
o : . ‘ :

-

8The annual fi'gures refer to the period May through April
since this is probably the relevant period for the KTDA
July—June financial. year to which all tea production
“figures refers- : ¥ .

bLite.in" Mission. Long-Run average is based on 27 years o
" (1936-1967). . ' -

cLari- Foreét"‘jS"Ea"ti'on':"“"IO"“ye'ars (1_954-r1967),

- dKlSll District Offlce. 36 \years (1931 1967) ‘The séries for
: Kibirigo Trading Centre (used in: Figure 1) was, unfortunately,w_ R
1ncomplete. : . i N . :
e ' - G h . .

ThlS flgure has Been checked. It is not representatlve of the
D:Lstrlct:. (On‘é wonders who was pourlng ‘what into the ramgauge!!)
N P LA .2
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-+ the total. "year effect' Consequently, we have the functLon. o . -

Qit = Bo-+.Boot +'ka int * ﬁi; o ) ‘f(III -6 ) ;

where 8 . 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

a

cultural practices could equally well beuincluded‘in the Boot~ Given. N

“the newness'of the crop, it would be reasonable to expect some learn-
ing process to be ‘taking place - both because of-the efforts of the’ )

agrlcultural extension personnel and through "learnlng by d01ng .
In the period after the data for this study were collected, there

RN )
have been three dlstlnct changes 1n cultural practlces or technology.

AThe first relates.to;the practlce of pegglng ‘out the branches of

young bushes to improve their lateral spread which started invthe
™ T *
T . 1966 planting'seasoﬁ.‘ Secondly, 1n ‘some dlstrlcts there is, limited

plantlng taking place in- the short ralns (0ct6ber~November) ) Flﬁally,

~up to the 1968 plantlng season all the plantlng materlal had ,come

from seed and could reasonably be conSLdered to be homogeneous from

one year to the ‘next. However, by the 1970 plantlng season, it is
&,

expected that all plantlng material will be in the form of Vegeta—
C % . - -
' tlvelyPropagated stumps from speclally selected hlgh~y1e1d1ng,

Frem g

" clones.

L4

¢

- ’ 5There are dlstlnct advantages to the KTDA im. u51ng the...
model developed in this study’ in order fo check on the impact . R N
that improved cultural practlces or ‘improved planting materlals

. have on yields. . . » -
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If there .are substantial increases in yields each.year'fﬁéh‘ﬂﬁqg

the model is'incbrrectly specified. ‘Whethér,the inélusibn of- the

year effect provides the correct model is the subject of: statistical -
- ———— e . -

test in 'the next chapter.

* "The importance of management in shallholdér tea operations

" "has been-consi_steni:ly stressed. Consequently its exclusion. from thé

function involves misspecification and the introduction of "management

bias". The problem of management bias-(é) 9, 19,'El} ar%éeS'iﬁ both

inpuéstand output are‘functionally related td,a'farmerfs managerial

abi}?ty. If there exists a positive‘relation Befween‘inputs‘and

managerial ability (the usual case in agéicuiture) then the coeffic-

ients of included varlables will be blased upwa;d and vice versa.é
S

‘The class;c illustratiod of the effect of management bias is shown ,

. in Figure 6. Giyen a'series of obsetrvations on two farms, the one

6It: is easy to hypotliesise the positive relationship in many
agricultural situations but it is rare that ex ante evidence is forth-
comlng on this.” In general, complete reliance is placed on the sta-
- ‘tistical tests of the significance of 1nc1ud1ng the farm efféct var-
iables. In the case of smallholder tea in Kenya, there 13 ong_ set of
ex ante data which tends to confirm the hypothesis.

% Acreage and Incomes of Erbgressive and Neighbourhood Farmers
Growing Tea in East Kitutu Division, Kisii District*

—~ : _
Category : b‘ Acreage Inéome Income
: : o . per acre
Cw (Shllllngs)
Prqgréssive Farmers (1) . = 1.22 '968:1“‘794
Neighbourhood Farmers (2). .81 618.1 ° 745 -

’ Ratié (/2 1.47 ~ 157 107

o From the fleld dotes of Vlctor C. Uchendu ané Kenneth R.M. Anthony, -
gathered for the Rood Research Instityte's study: Economic, -
Cultural and Technical Determlnants of Agrlcultural Change
in Troplcal Africa. N ‘. ;

\4' . -»' -

.
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Fig-urej 6 - The Effeét of Management Bias :
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. o . , .
- where Boi is the farmer with

farmer uses. more 1nputs, then, in the absence of thlS 1nformat10n,

the pooled ‘function would be f rather than the two separate.

TTwAth good ‘mandgensits ‘the ‘other” w1th'poor, and- glven that’the goodm--e4*
- Bl SO S

functlons f1 and fz which’ do dlscrlmlnatehbetween classes of manage-t

. e -

- ient’ : T Tt ST
’ If one.las data og a cro;;.seetiqnjof farmé, the ;eries of:
obsérretione needed on any giVen farm (qr class ofAfarmsj for the:
estimation of both éhe farm effect and the productien functions can
" be elther on time series- (5, 12) _or on separate enterprises 1n the

%\ .multiproduct farm (9). The statistical technique for'the estimation

procedure is that of analysis of covarlance or, whlch is

v

exactly equ1valent, the 1nc1us:on of a separate dummy varlable for
'each ‘farm. ~ The z;se £6r the least squares estimator becomes strong-
o : er in an analy51s of covariance framework since farm effect and
tlme effect cam be hypothes;sed to take up much of the dlsturbadce
transm1tted by errors 1n 1nput measurement - such as that encount-

ered w1th illegal plantlng (see lg). The productlon fqnctlon is now

- written as:
"-\\. .' ‘,», ......... e LT

:whereﬁBdi }s tte'fgrmﬂeffect cdg%ficient’ofjfarm i. Givenbthatf
the statistical tests eoﬂfirm_the ihbortance of the farm effect p
coefficients,igheﬁ a; index of m;nagerial aﬁility ean'be constructed. -
One poséigie index would be: : | -

- A P A

x 100 : (111~ 8)
. )

-
‘ ‘ y

1ghest farm effectL
. D:

N

«
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.'and the existence on particular farms of fliegally‘planted'bushes.‘n

-62- oo T

L -

S V-2 wlth the year- effect, it 1s obvxous that the farm effect
. »

“can take under ltS w1ng more than purely management factors - in )

2

particular, micro differences in ecology (50115 and cllmate) arid

such features astthe-dlstanCe of the'farm'from'the”buylng centre,

If one had secondary data 6n factors'likelyzto affect management~then

they shonld be regressed on the index to obtain e'weignting s?Stém

for a new index of management M
able 1n.the produc§§bn function. The B i ‘remain in the function as
a means of correcting for the physical environment.7 This procedure

is not, adopted in this stidy but indices of management are examined
in detail in Chapter VI, . .
. h.:\ - ’ » Al -

_ The model that has been presented in equatlon (III -~ 7) might

be formally correct in' its inclusion of farm "effect and year effect

‘variables but it is misspecified in its economic loglc. ‘It should be

recalled that the classic discussions of management bias by Mundlak

(lg), Hoch (5) and Massell (2) are all concerned with the- Cobb-

.

.Douglas, production function which is linear in the logarithms. For

a

example: - _ i
: 95¢-7 % *2oi * Zoor * § a:Xsie * e (Tiz - 9)
: .wthh is written in natural numbers as: - ) . L
Q,=A A, A TX.%E . (II-10)

it ‘o ol oot p Jlt

“

/ Thls iterative procedure is that adopted by Timmer (14,
PP. 60-61) where he considered each of 48 states of the United § States

.as .a separaté farm firm. It would be expected that the bias intro-

duced into the original management 1ndex by the differences 1n the

phy51cal environment between—State5”wou1d be relatively more’ extreme
- than Between the zlmost contiguous farms of this study.

o~ h
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‘manner. While one-can argue with -the assumptiod of constancy of-*

g

- -

_63-

T A;m:H:=mﬂaaeiall“iﬁﬁéfeépf"mnxriwﬂv_em et eiom
- - Anter . . e
Aoi = firm intercept and ‘ '
~ . ° = . "
Aoop = _t;me 1etercept
1} ' -
- The assumptlon made 1n such a- model is that the elast1c1ty of

output w1th respect to 1nput g (a ) is constant across firms.” Manage—

ment only enters the functlon in the ‘form of .the firm rntercept A i';

In equatlon (III - 10) this 1ntercept (as with the tlme intercept)

.

has a néutral multlpllcatlve effect on the productlonrfunctlon. The - -
%

>

larger the inputs the: greater the impact on total output that a.good_

(or bad) manager (or agricultural season) will have. That is to

say,'@enagement_pivots the production function in a pEffectly neutrel
;,; Ty, <

melastieity,8 the manner in which the management and year effects

enter'is‘certainly'a great deal more satisfactory than in equatieq
(III -7 where these effects are purelyLadﬁltlve and unrelated to
the size of the inputs. Thus, since equatlon(III - 7) is- linear in’
natural numbers, e.good farmer with a high Boi meﬁely_haé this

amount added to the output which is explained by his stock of trees
and theﬁyield paremeters (Bk)f éhe aﬁbunt added is‘quite‘independep;

of the emount of tea planted (Xk)' As an extreme céSe,‘the equation

8As does “Timmer, (14) p.37-38, where he dlscusses a reform—
ulatk*g with varlable elast1c1t1es..

¢
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. ’states;thatAfi?mswcanTach;eyet ‘e oy -rmgéiimgoW%on_r“»oatﬂ*‘k_*m
s ‘ ) without any téa<buéhes. This is patently nondensical. The problem

arises because of .the linear nature of the production process. Howz,

)

~—+% . ever, the model must be reformulated to allow for the muitiplicétiﬁe

“effect of management. . N
: . , '

L L o ngfiting equation (IIT -~ 7) in terms of zié;g as the |
&g"' S 7 dependent variable, instead of output,.giyes:
Q%4 T2y, =g eps + ;3'1» +u, - (1T - 11)
. 7 T it ol oot 2,k kit it
R . k=4 .
z it - . '

where Y, ' is the total yield achieved by farm i in year t

FEd

it
L .87, and.B” &7e the farm and year effects respectively
. B Yoot ; L - . 1o B e
P is the proportion of total stumps in any age group k

kit

Pr

to total yield derived from theszgportion of stumps age k

u is the stochastic error term.

To obtain the equivalent yield coefficients of equat

) 5 N -
g° is the "ratio coefficient" and shows the cantribution

(III - 7) multiply through in_(II% -~ 11) by the denominator 6p the

term for convenience, we get: -

r

“left hand $ide. Then, ignofing the year effect coefficient and

error

-

-

]

.equations for convenience and because it has to
. - estimation procedure to avoid 4 singular moment

C

¥

gThé ovéralliintercept is omitted from this apd subsequent

be omitted in the
matrix.
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N 7 - 7 . . o .
Qe = R% I X, + I B-X. . (I - 12)
. 7 | -
= 53'(8 . F Bk’)nxklt
. Lo “ 7 ’ " ‘ .

= I Bki int ) (II]_: - 13) oo

cy
o

Let us be clear as to the meaning of these alternative form-

- : ulations of the impagt of the farm (and year) effect. Referring to

= the unit of the dependent variable, the farm effect in équation ™~ -

2 .

(III - 7) “shifts’ output by the amount of the farm effect intercept;

thengiismnq impagfﬁiﬁ terms of yield_pl;hpugh‘;iy;gld change is

o . ¥ LN

necessarily implied. Equation (III'~ I1) shifts yield by the amount

of the farm effect intercept and, as is shown in (IIi:*-lB), has a -

multiplicative effect on output. o

e . ) Comparison of the two models also raises the statistical *

' ' T a0 "
gpéstion of the manner ip which the error term enters the equations. -
‘A basié asﬁumptioﬁ’of the ieast‘équares esti&ator.is.that the error
*-.variance is constant over the range §f the observations. With com-
“bined _t-im'g-ser_igs “and cross-section data, this éssumption. is oftenv. \% '
e bpéh't6f4hést10n. 'I; the present. case, the farmers are exégﬁding‘~

their tea gardens rapidly over the five year periodi. It might be -

.teasonable to assume- that the smallef tea gardené;afe subject to N .

q»‘ stialler absolute shocks than the 1arger gardens. This leads to the
' conc1u51on that heteroscedast1c1ty of the re31duals would be more.
ST o T
i : . 11ke1y in equatlon-(III = 7). than & uatlon (III - 10) If this is
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the case then the regre551on on the deflated varlables of (III - 10)

gives the more’ efflclent unbiased regression estlmate (see 8 “PP- 406—
-«

égg). B . N

It is questiénable whethér even this improved formulétiod is
correct since it is unlikely that better management on farm i will
w? E ) . .
add B;i pounds of green leaf to the output of three year old tea
v N

and'héd the same poilndage to older‘tea. It would be more reason—

eoa

dble to expect a multlpllcatlve effect on ylelds, not merely on

«,

3

output. Given the addltlve nature of the ou;put of bushes of diff-
ering ages, the fully multlpllcatlve farm effect can be:lntrpduced
~as foilpwsa

o 7

At

%k . . )
= Q& « )t E, -
,_Qi th,glol ( z -Bk Xk:.t.)P £ C (I - 14
- k=3 o IS SO :
. . ’ ~
where the notation is perfectly consistent with previous models
and B{bi is a multiplicative anagement‘fféect. (The year effect Is

omittkd merely for convenience of éxposition).

B > . -
* The difference between equations (III ~ 10) and (III - 14)

is made clearer in Figures 7 and 8. Three different levels of
P

e —

management are shown in. each Figure (curves &,b,c and a”, b", c¢”) -

o

Pllustrating the differént impact on the production function of the
-aiiéfnafivé'séegificétions of managemeﬁt effect.
. ' ‘ N :
‘Call curves b apd b” average yield_curves;5 tﬂen’note that
in Figure 7 the good fgrmér, represented by curve "a", raises the
yielé‘curvé by.the.same absolute amount (anq‘henceldeciining ' v

- relative~amount) over curve b whether or not the bush is mature.

This Figuré'por#&ays the effect of the.maﬁagement effect coefficients
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- - Management Effect Affecting Yields Additively

Figure 7~

~

Y

' Yield of Tea
per Bush- _

Lo

Age of Bush (yeafs)_

Yields Multiplicatively

.Figure g - Management Effect Affecting

3
E
Y
Yield of Tea
per Bush
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in equatlon (III - 10) whlch are addltltlve 1n “terms of ylelds. 17

“In Flgure 8- the curve a’ ralses the yleld over the average’

“edrve b” by an 1ncrea51ng absolute amount (but a constant relatlve

RS

amount) ‘as the bush increases in maturity (k>3). This situation

-t

shows the multiplicative effett:qn yields of the management coeffi-

cients in equation (III ~ 14). The manner in which the curves are

‘plvoted by the management effect here is similar to its 1mpact in

the 10gar1thm1cally linear function of equatlon (II1 - 8)

Equatlon (III - 14) presents major problems of statlstlcal

_estlmatlon since it cannot be written as llnear in the parameters

™~
,without using an iterative estimation techniquemLQ Such a--technique
-F ) L~
can be adopted " but the B and B coefficients cannot be uniquely
Ty

determined. Their product), however, can be., Consider the following ..

procedure: g o e e

A 7
L¢t' Qs =g . ( E_Bk int) (III - 15)

—a
N ~ - -

e

. . o ,- TR ’ .
be our starting point where—Bk ¥s—any initial vector of yield =«

coefficients (aay from equation III - 1l).

o i...0 - 0 - . Lo _ -
e T X K e -
Q. - 0. ., " C . B !
and it _ Yit . e (IIT - 16)
= o, B e t - h . N
M
10

1ndependent variables to appr6x1mate Log (Z8, - ).< Given the slow
convergence Qf the linear apprexlmatlon, such an approach creates

. - more problems than it solves.

“

. a , : - - ) »
o R : T ST

PR Y 8

An alternative .could be to use a Taylor's expansion of the

© —

)



‘ - 3 ’ o )" o )
- - ~69- ce ‘ B
~"CThén We ‘canestimdte- the""’fa?rﬁ"'éfzct- -coefficients (with the -

asterisk omitted for convenience) using the equation:

: 1 i . Sy ,
v = D, ' @I -
Yie = Bi B _ - .
i) N . ’ rr . '
~where the dummy’ variables are given éxpiicitly by an identity matrix
E ) . oo e
v Di' This provides us with the first round vector of farm effect
P ' . " ‘
coefficients B . .
oi . - :

This vector is now used to deflate output:

S Qe B! o - L (III - 18)
. S
01~ .

e
£y
~

K v
and a new vector of yield coefficients is estimated by OLS .

+

Al 1 ‘( ")
R, = LB X III - 19
it Kk k Xklt R .
- 1, 1 ) Lo
but ﬁ Be Reie ¥ Kye o s i

We can now move back to equation (III - 16) and réﬁeat the
procedure with all the superscripts increasing by ome. This iter-

ative procedure can be continued until some predetermined set of~
~criteria are‘fulfilledﬁu For example, on the assumptioﬁ that thg"

" product of the management and yield coefficients-actually éonvgrges,

P . N cepn ' .
.then we can stop the iterations when the difference between two
Py * B

Ty s - .. b . 4- -
rounds is less than some arbitrary value of epsilon.
: b S -

L ‘

- = -~
. - c B K
A 4 o
. - - ': N hd -
< R I . .

e



. conséquently expen51ve. Secondly,‘the statistical proﬁefties of the

Tox N rz ©
LRI A _ Ce
B L4 .
: - -1 r-1Y r ¢ r - :
test By, e B T (B - B < By (1III - 20)

. [ . .

for all k' (k = 1, ...,5).

There are both practical and theoretical difficulties witﬁ

this model. In the first place, a computer prggramme 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 regrnssion- fed onto dlsk storage prlor to calculatlng the

deflated dependent varlables (Y. and R ) can be adopted 12 ThlS

o

technlque ‘has the advantage qf using a standard fegre551bn pro-

gramiue " and uses the cémputer to calculate the deflated variables

and maké tle test at each iteration. However, it is rather slow and

.

) ‘. o 7
. model are unclear since. the separate estimates of éy\r;nd Bk are not :
-consistent from one "iteration to the next although thel;-product is = -,
consistent. ’ . ‘ ) . 5 o - r/f’g”\;
. L
h Because of. the dlfflcultles of operating w1th the model based ‘

-
-

" on equation (III - 14), most . of the emplrlcal results will refer to

-

11It seemed, unnecesgarlly ambitious- to test for each Ffarm
effect separately;hence the use of the mean farm effect.

e’ - .,,'7' -~ o

. 12 This procedure was, in fact, used in a test case and the
results are glven in the next chapter.
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in which yield is the dependent variable. These results

form the basis of the next three chapters. - o
L - . P . . '
. N ' ;
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" THE EMPIRICAL RESULTS .
N T Summary of the Models-

. . .
- LAY

The exposition of ‘tﬂ_e empirical results will be facilitated :

by summarizing and naming the models discussed in the previous

chapter. -
(a) . Models with ADDITIVE year and farm effects - ‘
M?del I Qit = Bo * ﬁoi * Boot * kz} kakit * €it B
. . w7
Model II = Q;, = B+ 8,; * k-_z~38kxkit * e ..
» £, .
y L — ‘
(b) + Models with MULTIPLICATIVE year and farm effects
Model IIT Q .. L 7. -
7 = Ve TR0 T Boor * I BB T Ui
o X, . - k=4 -
) k=3 it - v . . ] ~
. “ ® 7 o
- Model RAY Yit = Boi + I BkPkit.-l- uit: .
N . k=4 . . A
o A 7 -
oo kel V0 = B LB ARG e .
Notation*- - Lot B
S - ~ Qg : ~is—the output of green leaf frow farm i in year t
- B ’ A . . . . K -
’ }H(it' . is the number of stumps of age k on farm i in year t
: R ) ~74-




) Bk " is the yleld coeff1c1ent of stumgs of age k years,
e . that is, it gives the number of ‘pounds of green tea
: ‘ -obtained from a ‘stump k. years old. (k=3 to 7)

B ~ is an overall iptercept .

. Boot and 8” _.are the "year effects" for theirlréspecéiﬁe .
e - models - T : 3

" ' ) Pkit ) 2 lt is the proportion of. total stumps in any

e, hklt group k. (k 4 to 7.)
‘. o ' , _ «
- ' Qit . . . o . :
: o Yit =. zxk’ is the yield achieved by farm i in year t.
N k 1t S

B’ g is the contribution to the oveérall yield derived from

. k the proportlon Of sﬁumps .of age k. (k = A.to 7J
P P R
j R v Eit and uy it are the error-terms for their respectlve models.p

. “ . . L ota
v

and IT is the intlusion and exclusion of the yedr effect variables.

There is the same distinction between Models III and IV. It has been-

L.t

shown that the Additive models represenmt an incorrect specification
’

of the production function.. Consequently, only the results obtained

~ from the Multiplicativé models are presented,io the body of this study.

However, resuits for the Additive models are given in Appendix II. ~

R

The statlstlcdl analysis of these models 4s composed of two
) sections. The first, in thls{chapter, is concerned with the estl-
- 2
mation of the parameters of the models by means of ordinary least
. : » - . .
souares.:&The &alidity of the models,i; testedtfo; ééch area ano:the

e year effects are examined.

. - - N .
Boi_and B;i aré the "farm effects" for their respective models

S

P
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The second section, in Chapter V, is concerned with using the

models to derive yield coefficients and to predict voutput. Given the
. ) . : ? . ’
dual objectives,the data matrix for .each area was divided into two -

parts. Randomly selected subsamples of one third of the farms were
used in the estimation process; the remaining two thirds of the

data were kept to test the predictive powars of the models.

2. Tests for Pooling Sample Areas o

Ecological differences between areas are important inv their
)

effect on- tea yields. Such dlfferences between farms can be mini-

"

mised by draw1ng samples from small geographical areas. Tea buylng
i)
centres prov1de convenient Jroupings since it is a reasonable assump-

. T . . . . . . . .
-tion th?t all farms within a one mile radius of a buyirg centre have

the same ecology or micro-climate. However, such groupings may be
unnecessarily restrictive. In many instances whole administrative

Divisions may be ecologically homogeneous. - . -

<

This hypothesis is tested in the two Divisions_of Kiambu
O

District for each of which there are two samples - Githunguri and

Gatundu. The regressions were run on each sample and then on the

pooled samples at both the Divisional and District level. The stat-

t

istical test given in the.last chapter was conclusive. ‘The results .
e - . - " N "

areiﬁresented in Table 7. ﬁThe hypothesis that each Division is homo-

geneous was accepted- at the 90 pef cent level.l The hypothesis that

t?}Ihe 90 per cent coﬁfi@ence level was selected since this
decreases the Type II error. Given the fact that thé test for homo-
geneity is F < F:?glf the hypothesis is accepted with «-= ,10 it

will certainly be accepted with = =-0.01 51nce F 10 ¢ F o1

r

<

N . Ce
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‘Table 7 - Results of F-Tests of the Hypothesis of Homogeneity
within Divisions .~ Kiambu District * -

-

P

Tea Buying ' Dégréesvbfj ‘.

Centre " Division Freedom  F Ratio? Fd'lo Bypothesis-
Kagaa L - L
Githunguri - 4,119 1.78- < 1.99 Yes
Gitiha : g - - o
Mundoro : .
. Gatundu 4,182 - - 12217 < 1.96 Yeés
Mataara .
G1thungur1 o -
car i 4,309 7.26 > 1.9 o

' .
“ -

The tests are- on Model. IV whlch is approprlate for these areas
(see Table 8).

@ = Q) /¥

2 The F-Ratio used is F = L where”'

Qy /{0y - 3«1) + ‘(M2 - N-z) - 2K},

iel + e2e2 with the
subscripts indicating the two samples. "N is the number of farms;

M the number of obsérvations (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 testlng the. hypothg51s of :
ecolog1cal homogenelty.

Q, = e’e in the pooled data set; Q, =e

L.
o
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.given.at the Divisional level.

‘addigion to the farm effect variables, it includes year effect s -

S S |-

‘the Divisions together. could be considered to‘be~hqmogeneous was

rejected.” Following thi's outcome 411 the statistical results are

.

.

S 3. Tests of Significance' of Covariance Models

Model III is completely. specified in the sense that, in

variables. It needs to be shown that this is the cqrrect;§§eeifi— -
cation for any particular ‘area — in other words, that all thef®

w -
variables are necessary. In Table 8.F-tests are used to compare a

model with neither farm nor’ year effect variables to Model 1v, and o

-agaln to compare Models-IIT and IV. The hypothesis that the models

,1nc1ud1ng more varlables represent 31gn1f1cant 1mprovements over T

K
those excludlng these variables .would be accepted if F » F.. The -

hypothesis that the :Afm effect variablesgshould be included 'in the

model is accepted for all areas at the 99 per‘cent level of confi; .

- ” L . B .

‘dence. The hypothesis that, in additio;, the year effect var;eblés

should be included,'ié rejected only in Kiambu District. In the N -

. - ¥ . -
‘other areas it is accepted at the 99 per cent 1eve1.2
o .~ Lo :

P - - . . -

" On the strength-of these results Tables 9 and 10" present

only the results of estimatihg the coefficients of the relevant

modeis for each area - that is, Model III for Ker1cho/K1511 ‘and

Model IV‘foruKlambu;— In these tables the "Ratio Coeff1c1ents" (B )

A

represent the contflbutloﬂ to total yieid obtalned from the: pro-

portlon of total plant;ngs in a glven age grgup.~ Necessarily, in

-

2In Nyamira the acceptance is at a level i shade below
99 per cent. . L, e .
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Table § - 'Ratio'CGéfficients‘éhd Mean Farm Effect
Coefficient of Model IV: . Kiambu. District* - ..
Specified téa‘bﬁﬁing\centfés.~
Tter Coefficient Cithunguri Division Gatundu Divisioﬂ:—
D i - 3 “
Year of B
Maturity . ‘ - ) . Ratio-Coefficients
4 o8 . 0.2135 0.2767 .
: s (5.7534) (8.7123)
5 S = 0.4087 © 0.4273
o R (8.6515) (11.7767)
6 - B, 0.5580 T 0.7178
: a° L (8.7047) o (14.5275) .
7 _ B L0221 T g93s
’ (13.7349) (12.4860) I
LT . . - -
Other information
Mean L a . ) R )
farm effect B; -, . 0.0803 - 0.1452
EZ .' o ~.745 " 717 :
Number of : ‘A o . . . e
Farms . o . S 42 ‘ ) 56-» =
. Observations . . 169 S s T 246

* R : K
Ratio coefficients computed from Model IV are all significant at the
1 per cent ‘Tevel. The ratio of the Ratio Coefficients to their

standard errors are shown in parentheses. 4
. e
a N :
.. .
= ZB”./N
Bo .801/
. 1 -
. " ,
- i ’ :
5 . . o
A ) . . -



Téble, 10 - Ratla Coefficients,

e ————— i

~
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‘Mean Farm Effect and Mean Year

- “  Effect .Coefficiénts of Model III: Kericho and
Kisii Dlstrlcts*
— _“ .
&
Lo B . . . v
} . Specified. tea buying centres
o .‘;gy o Kericho District _Kisii District
bes . Kitutu ) Nyaﬁ;ra »
Item Coefficient Buret Division Division Division
Year of = - .. e
Maturlty Ratio Coefficients
’ 4 8; L4293 L7378 1.0282 ..
(3.2495) (3.1963) (4.1353)
5 ¢ 8 7437 1.0818 "1.5302
s (3.5812) (2.6964) (3.5920)
' T e B BERSAEA! 1.5618  "1.1870
- o ' (3.7374¥ (2.5896) (2.265?)
7 8 1.8038 1.0065% . 1.6253
= . : (4.7414) (1.2123) (2.3210)
. . o
) Other information-
- N Mean . ’
v farm effect B P .0926 .5553 -.4739
Mean © . . i oo
. | year effect B L3601 J9THE 5399
22 .784 807 . .681
Neﬁbervof3' : - ’ . .
R Farms (N) ©33 38 A 3,
Observations- Y117 . . o - 133

#* Ratio Coefficients computed from Model III are significant at the -
1 per cent level except as ngted by a. The ratio of Ratio.
Coefficients to their standard error§ are shown- 1n parentheses. 5

X

-

2 Not significant

,

-

Cog

zs 1/N

c

o

S

Boo. ='§Boot./&' R

_—
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‘oréér té”avoid a sipguiarAmétrix, only‘rétio coefficieﬁts_fqr four

of thé'five agé éroups are estimated and presented. With one»exéep—

T tion, the'coefficients are highly significant. Additional infor-
mation includes the méan farb effect (both tab}és) and the mean year

effect (Table 10). ' '

-The Ratip Coeff{cientsyarise out of the manner in which the

farm‘effecgf are incorporatéd into Models ITI and IV. These coeff;t-
icients are~essentiall; stepping stones to the célcuIétion of yield
coefficients. There are a number of alternative wags in which this
- transformation can be done and the discussion of these is postponed

until the mext chapter..3

—— .

. . SN, S .
ao. G Year Effect Coefficients and Weather

. - The positive manner.in which Model IV was accepted for
Kericho/Kisii but rejected for Kiambu is most encouraging since it
P .

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 wegks of the year tends to lessen the importance of

] . . N oy ' :
“TTTrTTTrainTas” d source ‘of ‘moistures The ‘clear-days and-aftermoon thunder-
storm activity in Kericho/Kisii heightens the reliance of these areas

.. on rainfall. This proposition receives further confirmation in the

- N

. . . & . -
year effect and rainfall indices presemtad in Table 11. Since the

4

year effect ¢oefficients of Madel IV are'scaled in an arbitrary

. 3The general form of the transformation from Ratio
. Coefficients to yield coefficients has already been shown in
. equations (XIL —-€ll) to (IIL - 13) in Chapter IIL. .

~ ’
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manné;“accogéinéjgg which.dummy variables are omittgd to avoid a
Siﬁguiar méﬁent ’ﬁatrik;’ the choice of indices is also arﬁitrary.
It seems logical;,hbwever, to ha;e the indices fér rainfall aﬁd
year effects operating in approx1mate1y thg same’ range. The bése

chosen was the sum,of the niean farm and mean year effects. Thus:

e . ‘ _ ..

- Bo. 8oot . *

ot Bo..

where Wt is the year effect index and the periods (.)-in the year

effect or farm effect coefficients denote averages.5 The rainfall
: - o s .

index is based on the mean rainfall for the five year period.

the arbitrary nature of the indices, no reliance can be placgd_on

the numbers -themselwv,™, but the ihdicgs'do facilitate comparisons.

What is important is the ranking.within each index and the comparison

of rankings between.indices. -

T
S -

- -

. % e . .
has an identic¥l ranking to Buret and, consequently, conforms well

o

In general, the rankingsuof the Buret and Kitutu year effects

coincide clésely with their respective rainfall rankings.. Nyamira

with its rainfall pattern. This is not a matter Jf pure ch@ncé since

" the Nyamifaigémpigjﬁiying centres are located exactly eguidiét%ﬂti:

o .
4

-and Kisii towm)..

between the two sites of the rainfall recording stations {at Litein’

4This issue is further discussed in Chapter V.

“ , . . L
SThus 87 = ze;i/m and B7: = 287 [T and then B] =B + B
. . -i - . t o )

O

" For Nyamira,rather than adding 8° to numerator-and denominator, the
wide range of the year effects and negatlve mean farm effect necess=

itated- an unwe1ghted index based on B
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The year 1963/64 is interesting in that it is ranked lowest

N

in each of the year effect rankings. The~year's outpd; wad in fact
poor in ‘all smallholder tea areas in the country. The reasons for
this are attributed (by the KIDA in its AnnualvRepoft) to'aﬂrelativély

: ' : . 6 - .
high percentage of vacancies in some areas, partly to the contri-

bution of the’sup-dried'tea industry,7 and partly télsubstandarq
cultivation and underplucking in some ageas (4). This is more-a

list of symptoms than of actual reasons. It may be mbfe.relevant to
note that thisewas - the ye;r of Kenya;s'independence. it was a year
of unusual pressures and uncertainties in almost every administrative
départm;nt of government. It is not unlikely that the root cause for

the poor leggl of tea*pfoduction lay in the realm of politics.
. . ey B .
Overall, the results of the systematic analysis of weather ’

effects by means of analysis of covariance has been revealing. The

rejection 6f'Mode1 TI1 for Kiambw and its acceptance for Kericho/
Kisii was important. The hypothesis that year to year shifts_ in the

production function for smallholder ‘tea are mainly caused by'climatic
kS L. M

conditions ﬁould-appear to be confitmed.

6By Yyacanéies" the Authority means absentee landlords.
. " : e .

7This was nqéka problem in the areas'with'which-wé are dealing.

£



1963/64 (Nalrobl, KTDA, 1964)
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. R CHAPTER V

SMALLHOLDER TEA ¥ifLDs . « o

Cx

1. The Importance of Tea Yield Estimates
An important outcome -of the manner in which the pfo@uétiop

. ‘ ‘ N . A L R
. 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.

N

Tea yield estimates are bf'considefable,importance both in
the plgnning phase for the expansion of the smallholder tea scheﬁe'
anq also as a potential tool in extension work. At the nationai
lekel, Fbp'importhgs relates to the(appl%cations fqr %nternqtioﬁa}‘
developméné fin;néé.(Aiﬁisubﬁiséionﬁ'for_;nternatioﬁél loan funds for’
its téree "Plans", the KTbA haé produced*elaborat; planting.and pro-
ductian s;hedules:- These schedules form the. backbone of the whole
loan repayment structure. Figure 9'reprdduceé the expenditﬁre/
yeceipt.szhedules;of the First Pldn in diagrammatic form. ' The calcg~
1ations were all bASed on an assumed yield of 200, 400, 800, and 1006
“poundé of -made tea per acre+in the third to sigtﬁ.years after plant= '

ing. . . ' : o i -
;g The im?act of.ﬁhe‘yield aggumﬁtidns is not only %élt in

mnational planning but works its way right
B R L

dowp3to the farm level.

«~Initial gross payments to the grower are fixed at 40 Kenya cents per

e ]

U ﬁouqd. Recurrent costs.qf the KTDA aré covered' by a cess of 10 cents

[
s

\\;‘\—‘ | . ’;. . “‘ " :.‘.. R .

N N e
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"Figure 9 - Time Path of -KTDA Payments,

Receipts and Loan Redemptions.

First Development Plan,

KTDA
Total payments
£560.000

maximum revenues £975,000

~

Rt

N
~,

N+ Revenues continuing at £57:

3,000

~ |
KTDA
Reveaues
185.000
N
b
g
1964/65 1969/70 g0 1985;84
F -]
Note: KTDA total payments include redemption liabilities j
; .
- I
» T
Source (1, p.18)
w
-
——— T N
o i
" “

R
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per pound of green‘ieaf.; The capital rebayments of the farmer Eol
the Authority,.an& therefore of ghé Authority to the lending agen-
cies? are covered by ; similar 7 cents cess. The net return to the
farmer from the KTDA is therefore 23 c;hts per poutid-.3 Since the
éapit;l cess also covers some of the KTDA's fixed cos£s, all growers,
whether or not they have made use of credit facilities, pa&wthisi
cess. A grower who has takén maximum credit on the_inigial fufchase
of stymps (lb Qg&Es on stumps costing 30 éents) would take fifteen

years to repay his loan and ‘pay for his share of the Authority's own

capital expéﬂﬂiture;”‘Kt"the end of this period his stumps will™have

/effectively cost him 1.35 shillings each. A grower who has taken™no

. ¢
initial credit still pays the cess for éleven years by which time

e g . - o
his payments will have amounted to 1.06 shillings per stump planted

.(l: P-18)-‘

The role of yiéld estimates is crucial in these calculationms.

If leaf yields proved to be lower than estlmated the perlod of repay-

ment would be 1onger and the cost per stump higher., It is 1nte;est-

ing-to note, thenéfgge, that for the Second Plan the KIDA radicafly_

,

M 1The currency referred to in this study is the Kerfya shllllng.
It is divided into 100 cents. Prlor to: the,Britlsh devaluation in
November 1967, 20 Kenya shillings équalled £1 sterling. Thus one

‘Kenya shilling continues to equal about 14 American cents.

~ »

2These 1nc1ﬁde. The International Deyelopment Association,
the Commonwealth Development Corporation and the Kreditanstalt fiir

. Wiederaufbau.

3Thére is generally a "second paymént®smade from the profits
of each tea factory to the growers in its area. This payment used *
to amount to about 10 cénts per pound of green leaf.but it has not
been pos51b1e to maintain this level in the wake of the devaluation

.of the BritisH pound. Since Britain (the main market), India and
- Ceylon (the major suppllers) all devalupd their currencies while'

Kenya did not, the price of tea\}n Kenya Ehllllngs fell. Second _
payments now average 3 to. 4 cents per pound ~ .

L] ) -
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e

reduced its yield estimates from those given, above to 100,n300,~§00,

- o

and 900 pounds of made tea pér acre'iﬁcthe third to sixth years of

plantlng Q, p. 16). ) . SN

In addltlon to its .own specific f1nances,»the KIDA also

v

afranées for the establishment of the tea factories which process

smallholder teéTA”Eéch_faEtbry costs about £200,000 and is designed

- to process up to 1 million 'pounds of*made tea per year. The KIDA's

produqtioﬁ schedules form the basis for the fimingvoﬁ_facto;y con—
struction‘and the provision of collection facflities. For this rea—
son the Authorlty makes annual predlctlons of output for each
"factory area". The failure of a factory to achieve its de51gned
throughput can have serious implications for its profitabilit&. The

2wl . s . :
dlfference in yleldk‘Between areas-ls_llkely to be an important para-

- -

-meter in cost-benefit comparisons and, consequently, nat10na1 invest- .

ment dec151ons._"‘

a o -

.

.2, Statistical Yield Curves R

T . .
The 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
T - -

curves aré required for each potential "factory area". For exten-
. \ , :

sion purposes, yield curves for individual farms ‘or groups of farms

(e.g. those farms delivering to any particular buying centre) may bg/

T

4The share capital for the factories is obtalned in equal
proportions from the commercial tea companles, the KTDA and the
Commonwealth Developmen* Corporation. The commercial tea companies
act--as the managlng agents. Provision is made for smallholders to
purchase shares in the factory compani@és.

ﬁé
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desirable. The method by which the KTDA derives 1ts tea y1e1d
curves was discussed in ChaptengI. "The coeff1c1ents of the pro-
duction functions given-as Models III enq 1V provide a more-ob;ectzyev'

o
\

basis for constructing tea yield curves. We mow turn to the deri-

vation of these yield curves from the ratio coefficients presented

- S

in. the previous chapter.

-
The equation for Model III is:.
. - a _\
Qs N
sat - oy 5 -
LX) - Yit Boi * Boot * ;kakit M V-1
k it . k R : -
where ;'Qit is the output ongreen leaf on farm i in year t

int . is the number of tea bushes of age k on farm i in ‘ T
year t. (k=3 to ?) R

& EH . Ve
'Yit is the overall yield of tea of farm i'in year . t— -
cvPoi s the farm effect coefficient for farm i
B

oot ~ is the year effect coefficient for year t

P.:x'ki't. .

X . 1S the proportion of farm i's total stock
kxkit of tea bushes at is of age k in year t.
(k =4 to7) - -

- . gan
Bk is 'the "ratio  coefficient" giving the contribution N
tocgotal yield of the proportlon of bushes aged
k years. (k = 4.to 7) e e geh

It should be noted that whlle there are five years of plant—

- . _ing ¢ Xk k=3 to 7 ) only four proportlons (P ; k = 4 to 7).%

enter the-equation since the fifth proportion is 51mp1y a linear /{

5The overall intercept B is omitted. This is”a matter of
convenience since two, intercept Variables have to be omitted to

.avoid a s1ngu1ar moment matrix. In practice, the overall inter—. B

cept.and the last-farm effect variable were omitted. in ‘the statis- -
tical computations. The ch01ce of which-variables to omit is

perfectly arbitrary - tlie effect is to scale the resultant coeffic™’
ients-with respect tg, the omitted variables.

e ¥ ;..\F

A

.
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combination:of the.other four and its -inclusion would result in ail’ -

singular matrix. This.means. that the omitted ratio coefficient

”.ecjuals zero., In i:hié case 85 = 0.‘, ) ‘ -
) ‘ Multiplyirig,throug’h’.béth sides of equation (V = 1) by
1 . - . '
4k§§kit we get: -
L P 7 } -
Q. =B."IX., '+B IX, .+ IRCP, IX .. + U,
it oL -kxkn: oot kx.k;t k=£k k k‘(klt 1t:

In the penultimate term of this equation, the P "variables cancel .’

out since, by definitionm, ’ -
. LN
P = . )
_Hence the equation simplifies to:
7 - x
.= g .+ B .+ U. -
Qlt k§3.(sk . BOl Sqo;? Xklt .U:Lt (V' = 3)

and, ‘by adding the terms in parentlieses, the notation can be

further simplified-to:
7 : & v
Q. = kis Briecfiie ¥ Vie . - vV =-4)

. where Bl;it is the yield of green leaf from hushes of ag.‘e.'k

on farm.i in year't. In other words, for every farm for every year

6 ‘ . . . .o .
Ig o;her yorés, since 83 =0, 331'.1:. = Boi + goot '-
. L e N P ~ i
while ?kit —464-f- Boi + Boot » etc. . .

~

: ) ' . Coe
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we have a_separate yield curve. This degree of detail is likely to
L . S o ) Lo
be of interest to the extension, personnel but is of little interest

at ‘the regionél'and‘ﬂétional planning 1eve1.

: There are a numbex of alternatlve ways in whlch an average

y1e1d curve can be obtaxned for any given area. From equatlon (6 - 3)

we have:

=8+ 87, + B~

Bkit T Pk - Poi oot (V )

An average yield curve (Bk ) can then be deflned by using”

the average farm effects and the average year effects.

B, T BB BBy g @- 6?
a = . .
A 2. ) N&&,’:,-v o oL ‘ LT s§f - . . '
4where Bo_ = §B°i /N ] and ka_soq. i oot { T ° ¢

7 -

with there being N farms and T years of observations. Alterhétively,
since an avérage year effect is not particularly meaningful, and

since- year effects have no systematic relationship with the plant=

. - -

ings,? the year effect may be omitted in the estimation procedure®as
- o , ] o
is done in Model IV. - This model implicitly assigns a different

average year effect and changes the estimated coefficients. Thus-we
have: : . L . e
capr e ' iy
B, = B ¥ B, o : V-7
. . : o Mm——

7The amount to be planted in any year is determined by the
nursery manager’s 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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¥ Hoqe§et,‘inuboth (v - éj and (V= 7), a;;raéigg ;hé:férm

,efféth'acrosg all farms may be an o;er-§implifiéation for some

- purposes since one can‘hypothesise reasons why difég;ent group§ of
fégpers mayApé:fogm wi;h différing_efficiency. ,fhe:first farmers
to pl;nt tea‘mighh be the best (gither bécaqsevthey wéfe informal}y
selectgd_by the ;xyénsion persoﬁnel‘ﬁr because they were genﬁinely
'progressiyé'; innovati&e farmers). Alternativély:'férmers‘who
plant later might be better because they learn from the innovator's
mistakes. fDraWing distinctions betweeh‘successive gréups of farmers
is likgiy to be most important }n using the model to predict output

during the‘éarly years of development. In these circumstances, the

average yield coefficients can be written as

A, . G . ) o
e . : . - .-
By = Bt By - (3 - 1,...,5) (v ~-8)
where 87, = £ig’, and ¥, refers to the number of farmers vwho plan—
. o § 01/Nj 3

ted in vintage j or earlier. That is to say, N5 is a cumulative total

" rof the farmers planting tea. Thus, for example, N1 will be - the

number of farmers who planted tea in 1959 and had their first output
.

~in 1961/62. N2 is composed of those farmers who planted in 1960 and

those who planted in"1959. This procedure continues until N which.

5
includés all the farmers in the sample. The rationale for the. . "
succéssive ac:umulation is that few farmers plént tgarin only one

year.v ?hus most of- the farmers who planted in 1959 ai#o planted in
196q'and 1961. Many of the first éroup héve plgntéd-in four out of.

-

5
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five years. Equation .(V - 8)'imp1ies the_foliowﬁng matrix of yield.

coefficients: - »
R et —
B3
Byy By '
= |Byg By B ‘ ey
By 33 P2 Ps @-9
o 1B By Bsy By ‘
B35 Bas Bsz e ey

Since the subsEripts‘are not in the usual order in the rows
and columns, a word of explanation is due. The third row reads

) 851. The first subscript refers to the age of the ‘tea

33 Ba2

bushes which have these V1e1d coeff1c1ents The second subscrlpt
refers to the group of farmers .who could have planted tea with these
yields. Thus when'the.appropfiate stock of bushes is multiplied by

' these coefficients we get: ) e B

Q5 = Byg¥gs + ByoXys + By Xss V- 10
- 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 (X55) times the yield coefflclent (for f1ve year old tea) L - ®
_obtalned by the first group of farmers who planted tea (851), E us

the four year old tea tlmes the yield coeff1c1ent of that tea as

obta1ned by the second (cumulative) group of farmers who planted tea; . -
£
plus the three yearvoldetea times its yield coefficient.  The impor-

tance of the matrix lies in the fact that only the farm effects of

» o o

S

el
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. #
those farmers who could have contributed to the yield of 'a particular
yiﬁtage of bushes‘ére included in the calculation of t a average farm

-effect and hence in the calculation of the yiéid coeffiviént for that

viﬁfage. On the other hand, -the yield coefficients given in equa-

. . - 4, ’ . )
tions (V - 6) and (V - 7) are vectors which aye calculated on the
assumption that there are no differences between those farmers who

planted tea in the initial years of its introduction and those who

‘planted in the.later years. ot

The matrix (V - 9) can be amplified. to incorporate Model TII

by including the year effects in the form of a third subscript (t):

o

ST ' , o
) ‘A Bagh ™ Bu1a - 7 ‘
Bese = |P3ss Buas B1s- ol Cw-w
Baie  Buzs  Bsze Pere '
ﬁ . fa57. Faar Psar Bear . Priy
T Bkjt is the yield;co;ffiéient in year t for tea bﬁsﬁés of

age 'k grown-by ﬁérmers,in group j. gk,t =3to7. jJ=1to 5; )

- This matrix of yield,qéefficiepts represents the fullest and
mﬁsf reasonable set of aygragés thaf'cap be obtained'from Model III.-

" The mﬁtrig (V'— ?) isjéhe.ggmpa?itiveréet of'coefficie;ts %6r Mbdsl'l
IV. The vectérs of coefficieﬁts i; equatéons (V’:#S)‘énd v-7

represent the overall averages for the same models._
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. is the ‘general form of the prediction equation,

3. Prediction
" The data set available for thiskstudy was divided -into two

'sections. A random sémple.of‘ong third of the data for each of the

N . -l - » %l . » ’ ) o .
" five administrative Divisions was used to estimate the parameters of.

a

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 the different average yield curves. The stgﬁdard for
comparison is the set of yield curves used by the KTDA. . These yield

curves were set out in Table 4 (Chapter 1I). In that table, the

units are "pounds of made-tea per acre.per year". In order that they

A -, . )
yields are converted %G?"pqunds 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 are
o : ' ' :
available the yield coefficients are applied to the total plantings

in ‘the relevant vintage. Thus

-~
~-

. Q = iﬁkt Xt Clet= 3,..7) ' . W - 1%)

e « Biest of the Rift, §iant spacingfgives 2,904 bushes to the

écrg. "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 pounds of green leaf per bush are:

4.5 a N o T

2,904 —. .00155 for areasﬁ»West of the Rl\ft?,, ar%
7 4 5 q;«mq,, - — " e

7755 = ;00129 for areas East of the Rift.

o ’ . ) . -

=97~ ' - »'_

a -

[3

‘might be compated to the statistically derived yield curves, the KIDA '

[y

*
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. where -

is-the predicted output in year t.

Q0>

..th 'is the total number of tea bushes of v1ntage k
in year t. '

-Bkt is the vector’of yield'coefficiepts uséd for year. t..

‘._ The results of testing the various quelsva;é summarized in
Tables 12 aﬁd 13. fable‘12 gives the weighted mean errors for all
five years while Table 13 gives similar information for the fast twb{
years. -

Following the prece&ing véiscussion, the average yield
coefficients‘uséhlin the predictions-qn vhich these .tables are baséd

vary in their degree of detail. They can be summarized as follows:

for Model FII, Bk ¢ n the full matrlx of coeff1c1ents glven in the,

1dent1ty (V - 11) where 1t is assumed that the different groups of

farmers (j) are important and each year effect (Boot)'is taken into
accoﬁﬁt; ’Bk & pools ali farm effects but maintains the distinction
of year effetts§ Bk

the average of the yéar effects (see equatlon (V - 6)). ,For Model

uses both the average of the farm effects aqd

>

IV, which excludes the year effect, B, . is the yield coefficient of

kj

‘bushes of age k grown by;farmers in group j.(see the matrix (V-9));

Bﬁj is the last row vector of matrix (V=9) whi]‘.e..ék averages the
farm effects acrass all farms.

The major reason for presenting Tables 12 and 13 separately

is that the 'size of the output in the years 1964/65 and 1965/66 was

_very much greater than 1n the three earller yegrs. The hlgher out—

put is of more 1nterest con51der1ng the rap1d expansion of the

industry. THe detailed results on wyiﬁh_these tables are based are

N
..

%
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given in the set of tables -i.n~Appef1dix‘ III. Their actual output;
predicted output and error are given by year for each model. The

units are in terms of thé per cent of the weighted mean errors of

the predictions. Perceptage errors are based upon the actual output
and are calculated as follows: - P
Q, - Q | \ S
E, = t t . 100 : ) . v - 13) -
Q ‘
t . .
-2

where - E_ 1is the percentage error in year t.

Qt is the act.:uel‘output. .
and 6&: is theﬁéregéeted output. o . "
v The Qeigﬁted mean errors are then simple calcule.t:ie;is: o e
E:E |QF"&'—‘}tI . 100 - o 'Z(V-lli)'. ) .
- 9. ~
- . -
‘The results of the ar%alysw 1nd1cate that the stat15t1ca1
models represent subetantlal improvements over the method currently
in use by the KTDA. _ - ’. ..
In Table 12, x‘vhic“}i covers all fi:e years, the ov.erall
average error in predlctlon, u51ng the KTDA's yleld rating, is
‘21 25 per cent Wwhile the range in the error ‘J:S between 11. 70 (forl -
Buret) and 26.51 (for Nyamlra) As expect:e 5 the average }?1e1d # ~ .

‘coefflc:Lents based on Model ITII and u51ng the maximum 1nformat10n

4‘ava_i].ab1e ‘regarding the farm effects and the year effects (1.e.

S o g : .
Bkj t) produce the best predictive model when all years are consi-

" dered. Here the overall mean error is only 7. 43 per cent while the

~

range is between.lh 40 and 11.47 (fop_Glthungurl,and Nyamira :

’

w - . 0 .
’ ’ K—“ ' -

S } o
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comtey O . .
respectively). More important than the average ox the range is the

‘fact that this predictor is copsistently better than the others in

all Divisions.
When just' the last two years ere 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'coefficienté
based on the average farm and the average year effects (Bk' )

remains at the bottom of the ranking of the statistical,meeénres,

-

The average error using the KTDA's rating is still the largest and,
more importantly, the statistical measures are rélatively even

better than in Table 12. Thus the KTDA's érror:only reduces from
21.25 to 19.87 per cent while the average errors of thenstatistical
medels dec11:e from aﬂ?ﬁi 10 per cent to around 7 per cent. '

r -
= 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 51gn1f1cance when dealing with only
the last two fE?rs. Thus the rankings of columns 1 and Z (Bk t and
k t) change over as do the ranklngs of columns 4 and 6 (B ._and B )
The reason for these changes is probably the simple fact that the

ratio coefficients for lateriyearsv(sé and B;) are‘already estimated-

B . Y ?
from only those farmers who planted in 1959 and 1960. These farmers'
M . | o . .

9The improvement in preédiction .using yield'coefficients
1nclud1ng the year effect over those not doing so is somewhat
surprising in the case of Glthungurl and Gatundu since the statis-
tical analysis of the previous chapter rejected the null hypothe31s
regarding the’ significance of the yea?¥ effect variables "in these
two areas. -

10 One hastens to add that the: actual différence between the

»average errors in the latter case is negligible.

s

§ o i

I

8
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plantings are the only ones to enter (with inputs greater than zero)

the data matrix at.this point. Hence, the!inclusion of the average

.

farm effects, for these groups alone, in the calculation of the 45
) s

yield'coefficientsf}a@quntsrto a form.of "double counting". Further-
more, while the number of stumps planted in the first tw0’years is

generally less than two—flfths of the total plantlng in the f1ve

year perlod (see Appendlx 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
2,

purposes, the prior calculat;on of a measure for the year effect is
'\.w

. nog_p0551b1e. It' is of interest therefore that the models excluding
the year effect hold up‘well and still represent substantial improve-

ments over the KIDA's technique. It is particularly useful that the

.

farm effects model using a simple mean farm effect (the model ip

{column.6 using By ) is ranked third in the predictions in.Table 13. ‘ot

éﬂngEver, an obvious question immediately poses itself: if a model
using an explicit average of fzsm effects is of sufficient accuracy
for predlctlon purposes, would a model which implicitly averages. farm

effects = by 1gnor1ng them - also be acceptable? Cons1der the
N equatlon;
)
- & £8P . + u. .
Bo Eak kiewT Vit 5

I

Y.,

it . (V - 15?
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where the notation is identical with that already in use. Model VI, |
so let it be called, keeps yields (Yit) as the dependent va;iablell

but both year effect and farm effect variables are omitted. If
manggément bias 1is ajproblem, (which.is a duestion to which we return
in Chapter Vf), then the coefficient§ in Model VI wili be biased.

However, for prediction purposés, statistically biased coefficients
! d v .

may be preferred. “Thus, if better farmers do indeed plant more tea,
then we should want to take this into account in predicticn, and

hence the upward bias imparted to the coefficients is to be welcomed. s

Table 14 presents the prediction results for Model VI. Ay comparison
of these results with the previous two tables shows that, on average,
there is barely .25 of a per cent difference between the prediction

A, . N - . \
errors of Model IV and Model VI. One &annot but conclude that the '

+

KIDA could improve its prediction. technique and hence its efficiency

in phasing factory construction and the provision of transport, to a

considerable degrée,simply by using the relatively straightforward

. . . - . ) =2
"mpdel which extludes both year «¢ffect and farm effect variables. Any

justification, from their point of view, for using the more cBmpIexb e r

models would have to lie in whatever additional information these

models migﬁt provide. Some of this information is cont;}nbd‘in the

»

next chapter.

-~

llThié is to avoid the probable'existencerf heteroscedas-
ticity in the error';ermi\if-the dependent variable were simply
output.  For details see Chapter III and (2). . . »
. . L

- . k]
N . N ’ .
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4. A éiéphical Comparisbn.of the Models

-

Having dealt at length with alternative methods of deriving
average yield curves, it is instructive- to cdmpare'theAshape!qf these

statiéEical curves with those ,used by_the-KTDA. The averagé‘yield
3

curve (B ) obtained from Model IV. is used as the basis for comparison.

i
3

. 'The actual yield coefficients;are se:‘out in Table 15 and are then

plotted with therKTDA‘chrveswin Figure 10. It is immediately clear
that the statistical curves.are mﬁrerirregular than those used, by

the Authority. A major reason for .the difference is fhat the KTDA -
does nof ta?e into account the impacﬁ of pruning on yields. -This,is.
ébviously taken Qccount of in the wstatistical estimates of yield
coefficients. Howeve;,‘fﬁé clear pattern that might be expected to
emerge from. the uniform pfuning instructions (set out .in Table 3 in
Chapter I) given_to growers is not in evidence. A probable reasén
for thi; disparity.is the fact that ig those years many éroWers

adopted the fouf year pruning cycle of-the estates. Figure 10 -h

- 2

also makes it.clear that a large-part of the KIDA's error lies in
assuming that DlVlSlonS w1th1n a District will have the same yléld
2 e s

curve. Thus the PExtra ngh" rating may prov1de a reasonable b351s

for prediction of output from Kitutu and- Nyamira together but is

clearly 1nappropr1ate for either Division by 1tse1f.12

12For example, the weighted mean errors of the KIDA's

pred1ct10n 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 cenb 1f
the areas are pooled.

i
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- 'Fig. 10. Tea Yield Curves Model IZ and -KTDA Estimates
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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 reqixired to -estimate the yield of mature tea n each area.
.o 3 i '

o v L - . ‘,-‘/

5. Model V - ) o s n

Chapter III concluded with ;1 brief discuésion of a model
‘int‘roduciﬁng farm effects whicl_'l act upon zield's in a multiplicati\;ec
manner. The model is: |
:..

(Vv - 16)

. _ o
‘where the notation ig-the same as that used previously.

. R B ) ) . . '. ‘.‘ "
* The coefficients of this model were estimated by the iter—

ative procedure ottlined in Chapter III. The sample area used as a

. N y e ’ . s 0
test case was Buret. The starting vector of yield coefficients (Sk)

.

was ;haﬁ_ shown for Model IV in Table 15. The arbitrary epsilon:

chosen as the ‘cut-off point was € = 0.001. -Thus ‘i:hé test at each

_iteration was: : oo SN

“ -

r-1 /v r ’ ] >_ -
R ) _ Gf" . Bk> <0.00l (=17

~. - \ = -
for each k, (k = 1-to 5). - ~ 4 T

.
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Thls termination condltlon was fu1f111ed for all coeff1c1ents

except one by the fourth iteration but, in.going into the flfth

-

round, the 1§rgest chgngevin any of.the‘five_produéts (Bo :Bk) was
only 0.0002. 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
. A £ -
while the yield coefficients declined. Thus the Boi and‘Bk of

- [
-

equatidn V- 16 cannot be simply interpreted as the farm effect and

yielﬂ coefficients, Rgthe% it is the product, B, ., which is the

ki

yield coefficient for each farm while Bk (E‘Bo . Bk) is the aver-
age yield curve.

As a check on the sensitivity of the final results to the
.7 -
ch01ce of startlng p01nt, 2 new start was made on a secofid trial.

By the fifth iteration the second set of results was v1rtua11y -
1dent1cal with®t hat\ obtalned from, the first trial. Table 16 shows,*

the starting and final vectors of the two trials.
-

v Table 17 presents the comparative prediction results-for

Madel IV and Model V using alternative formulations of average yield

13

coefficients (Bkj’aij and,Bk ). «The multiplicative farm effects

of Model V make average yield coefficients highly sénsitive_to the manper--

in which the .averaging is dome. For-this model predictions based

on ﬁk are actually worse than the KTDA predictioms for this area.

On the other hand, when account is taken of the different groups of

farmers (as in Bkj.and Sﬁj) the b;édictions are good, although not.

[N

as good as the predictions of Model IV. o -

13Refer gggthe footnote to Table 12 for the meanlng of
these alternative average'yield coefficisffi:"
_ . S C

R
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Table 16 - Initial and Final Vectors of Yield Coefficients
for Two Trials of Model V for Buret ’
S . 1lst Trial ' 2nd Trial ,
Parameter Start Finish Start .. Finish -
N . 5001 .5241 4617 .5240
8, - . .7826 . .6900 ’ .8910 ..6898
By 9283  1.0253 1.2054 1.0250
B, 1.4374 1.4256 - 1.5728 . 1.4254 © -
Bs 2.0176 - 1.4787 2.2655 1.4785 '

ta

aThis vector-comes from Model I-H wsing the mean farm effect‘ and

the mean year effect Bk (see equation V = 6). : ~
7{,,.15 '
Table 17 - Comparis%;?of Predictive Results_for = - T .
. Models IV and V, Buret Division o ’
B . R
Coefficients Used®
LT * -
" Model Period Bkj 8kj Bk.'
. b s
Weighted Mean Errors .(Per Cent) ) -
v ' 1961/62-65/66 6.12  7.18 7.15
>y 8.80  7.19  11.93 )
v 1964/65-65/66 1.72 2.00 2.29 .
v - .3.83  1.09 7.24
#3ee footnote to 'fable 12,7 . . o
7 .
Ly -2 B x
) s ’ ~
e %\ ’ -
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K

The results obtalned from Model V for Buret arerinteresting

‘e

but, 1n view of the complexities of its est1mat1on, db not _1ust:1fx\_/\B

its exten51on to other areas in this part1cu1ar study.

)
.

6. Sufimary and Conclusions

The KIDA uses ad hoc tea yield curves both at the national

.

and Divistﬁﬂal level. .Yield curves are important for the efficient"

plannlng of ‘the expansion of smailholder tea. The Authorlty has in

el s e SRy

its flles data with which it could statlstlcally estimate these

yield curves. Alternative methods of deriving average yield curves
are considered in detail.” It is concluded that even a very simple

model that only takes into account the age distribution of the

.plantlng stock would prov1de the KTDA with curves that would sub-

stantlally improve the Authorlty s attempts at predlctlng output "and,

”Consequently, at calculating loan repayment schedules, the optimal

phasing of factory corstruction and the transport requirements of
the>crop.

More complex models, which include farm effect coefficients

for each-farm; are not justified for the simple purpose of estimating

tea ylelds. However,~the KIDA has shown considerebie interest in

measurjing farmer eff1c1ency, and consequently these models have a

i

practical applicat!bn in addition to the calculation of yield curves.
We 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..

@0 : cE o

3
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- . ) ‘CHAPTER VI

THE TECHNICAL EFFICIENCY OF THE FARMERS

. -~

1. . Introduction . ’ -

- ) . §. -
To complete this study we now turn to a more detailed exami—'"

o
hation of the farm effect coefflClents as they relate to the technical

,e

eff1c1ency of smallholder tea farmers. The next chapter then con~
cludes our economic ana1y51s w1th a consideration of the role_of
labour inputs in the production function for tea. . N

The classical production function is stetistically estimated -
on the assumption that technical efflclency ex1sts. That is. to say;

&m:"&

if one is using cross—section datd it is assumed that 1nd1v1dual

firms ere operatlng on the eff1c1ent fro;tleg of the production possi-
biiity‘set. Having noted, in Chapter II, the unrealfstic nature of
this assumption, ?e heve explicitly allowed for the differences in
technical efficiency between farmers by ihcluding "farm effect"
yariables i; the specification of' the ﬁroductioh fgnetidh: There

were two major reasons for-including these variables. The ?irst was

so that some comparlson could be® made between the relative eff1c1en—

-cies of dlfferent farms. For. example, by how much do the ylelds of .

the top twenty—flve per cent of farms differ from the av@rage orfthe

e

’ bottom twenty-five per eent? The second reason for-including the

farm effect variables was a statistical one, to avoid management bias
in the regression estimates. Each of these issuéé-mi}l.be examined

in detail. However, we first turn to recent information on farmer

_efFiciéncy collected independently by thé\gggf. . B

LS -114- o I

-



hﬁJAAs) who make these reports ere certainly kept extremely busy -
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2. The KTDA's Measure of Farmer Efficiency

.. kA v < . . . -
Even casual-observation of smallholder ted 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 KIDA has trled to formalize the

collectlon ofelnformatlon ‘on managerlal eff1c1ency with thce—yearly

o

Field Reports. The -current report form is shown in Table 18.- The
purpose of such reporte ie three~fold: . .
" (1) To provide the Authority with a progressive ceneus
of tea planted; R .

(2) To previde information eq the cultivatien standards
of each. fzrm; ‘
(3) To glv; close control of fleld staff. " Kg)u e
In the llght.of the findings_ of the earller 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 rthe cultivation standards of each

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 1ntervals) frequency dlstrlbutlons of . the grades of .

individual farmers at the D1v131onal.1eve1. Thus each D1v1510n will

" kriow- the -proportion of farmers falllng in each of\three grades llsted

towards the bottom of Table 18. The Junior Agrlcultural A551stants

- filling 4n forms, While the system does try to ensure that all

farms are regularly visited (the a1m 1s that they are v151ted at

- - s r -

R . o
- . ~
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* Table 18 — KTDA Field Report Form Y
. “FIELD REPORT No. 1/Z - Reg. No.
Growers Name:.... - - S No. Plants]”
Date Swrcd:,.“.‘..u.v.:.. e eeann vnhe e L eresreseerns .
A & ND.E. No.
. © PLUS+MARKS FOR YIELDING TEA -
Tippiag/ - - . - + ),
Plucking Table : 2, 1, 0 Weeding @ 1, 0 :
Pllll:king Standard : 2, I, O Windbreaks : 1, 0 D.C. Receipt No.
Population : 2,.1; 0 Soil Conservation i 1, 0
Pruning : 1,0 V Total “Plus"Marks = - Tea Ofﬁc.:.r's Remarks

MINUS MARKS FOR- PRE-YIELDING TEA

Bad Nursery Work : ~—1 | ST - " )
Bad Plamin‘g or Shading =1 Toxal"‘Minus"Marks =

, Bad Weeding or Mulching - 1 GRAND TOTAL = Head Office Remarks
Bad l{'cgginvg or Pruning —1 N ‘FA'RM GR'ADE = - ! A -- PR

Grade I = 8-10. © Grade Il = 5-7  Grade Il = Under $
" J:A.A's Name (Block Capitals) '

This report has been checked by me and is corrcc-l;

AA'S_Name: JSignature: . oo — i i -




3

Y

i Nyamira)- total "plus"-and totalv"mmus marks were obtained from the

Ny e ) R ) ~117- "
least six times per_ year) whether Ehis‘représents an optimal use of
extension efforts is open to debate.

o . -

Using a sub—sample of three areas (Glthungurl, Buret and

: . _ ]
KTDA Field Reports for each farm appearing in the data matrix used”

-

. . . ] "
in the statistical analysis of the previous~chapters. These data

for the perlod Pst July to 31ist September 1969, are aggregated into -

.the three official grades and presented in Table 19.

.

i Table 19 - Percentage of Farms in Three Grades

© for Three Sample ‘Areas

B, Ty v
‘3
7 " Percent of Farms in Grade .
Division ' I - IT . IID
Githungugi-, . _ 21.4 50.4 38.2
Buret. oF ses T usis o -
Nyamira - 26.6 56.6  16.7

R

oy ue

Source: “Calcqlated‘f;om data provided by the KTDA

v N oL T ) - o
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dn.the assumpti;n that Fhe visiting JAA's score with the
same stan&ards in‘éach are:, the proportion 6f-farmé in each of the
three grades in this Table is inﬁeresting.‘ Rankiﬁg:p%ese three areas
for‘efgiciéncy,'it is obvious that Bﬁréé comes first, Nyamira second
aﬁd Githunguri third. ﬁoweve¥, the-rénking of these three aréas by

their yield curves would give us the same ordering.1 This might

indicate that the differences in yields between areas is not merely.

.a function of ecology but of managerial efficiency as well. What is

less clear is the line of causation. Do low potential yields,

because of a less well-endowed environment, result in poor -manage-—
: : ’ S

‘ment (as in Girthunguri) which in turn means low actual yields?

“trained JAAS, usihg strictly laid-down rules;fprgra&ing~farmers,may

,end up including a strong ecological bias in the farm efficiency

It is clear that a vicious circle is possible. But there is
£ “. : ' -

anb;her possible-explanation for the ranking: that iq,tﬁét centrally .. ...

measure.’ Thus JAAswhhoAare'trained on the high~yielding Tea

Training Farm are likely to mark down all farmers in a_low-yielding

area. However, if we: are really interested in famm efficiency in any

a

one area we are interested in the performance of farmers in that area
u . . s B ot .-

relative to‘whgt is possible.din that area - not in relation to yhat

L e

;Sge, for example, the figures givenm in Table 15 and the

associated graph, Figure' 10. However, in years 4 and 5 Nyamira ..
actually outyields Buretj hence the orderin§ is not 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 reverses the ordering is in excess.of sixty per cent - -
the problem can be ignored for our purpose. : -




: - - . . B
is possible elsewhere. Is the difference in efficiency between

Githunguri and Buret really 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.

*
o

Before examining in detail the statistical measure of tech-

.. mical efficiency, four important differences between the KTDA's

2

measure of efficiency and that obtained from the regression analysis

I -

need to be noted. . -

First, the-rationale underlying the two measures is quite N -

different. The farm effect coefficients obtained from the esti-
 mation of the production function-indicate the shift in_ yields from
one farm to another. U51ng Model IV2 as the basis of our éhﬁlysis

eff1c1ency within any one area. The coefficients are both the

measure of eff1c1ency and the first yeat s yleld of green leaf, in
terms of pounds of green leaf per bush per year. - When making com—

pArisons between areas with different natural resource bases, the
\h‘#/ AT
farm effect coefficients are not ordinal, let alone cardlnal,

measures of ef5101ency. However, by making some slmple transfor—
v \

mat1ons of the coefficients, inter—area comparisons can be made.
<

The totala"plus and "minus" marks in Table 18 provide us with an
1nde§endent ord1na1 ranklng of farms in terms of eff1c1ency as
‘deflned by the marklng ‘structure establlshed by the KTDA. But, as
we have seen, it’is not certain that, even 1f the marklng were done

on the same basis across Districts, the results could-be strictly

?Model v exc¥u&es the yeaf effect coefficients (see p. 74).

’ ‘ . .. e

, —
b \\9\__- ' "‘f
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interpreted as showing relative efficiencies between different

TN

ecological areag.

Secondly, unlike the farm effect coefficjents, -the weighting

syste@ 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.

Tippiﬁg/Piucking taﬂIe . 2. 3. 0
) fldﬁking Standard 6. 3. 0
‘ Popui;tion< ) 4, 2. 6.'
Pruning - , 2. 1.0V -
&
‘' Veeding ' N 2.1.0
Windbréaks 1.-0
¥ Soil Conservation hk 1. 07 '
EN
Maximum ﬁossible plus marks 20 .

»

Unfortunately, without the d

cannot be done.

o
[

ata in its original form this-re-marking
3

o Thirdly, the farm, or "management", effects were estimated,

| for the period 1961/62 to 1965/66 while the KTDA figures refer ‘to

>

tea gardens, others have quadrupled theirs. The average number of

1966 to 5,800 in’ 1969. The comparable average figures for Buret are

-

" stumps per growe? in the Githunguri sample irtreased from 3,220 in

2,809,ahd,6,338 stumps per holding, and for Nyamiré the.increase was

1969. Dﬁring this -period many farmers have.doubled the i}ge of thei;_

from 1,220 to 3,515; Given the large jncreases in the average size'

R

.

1
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of holding, it is not unlikeély thaf 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
'spreéa mbre-ﬁhiﬁly as more farmers start to plant tea and existing
farmers piant more. .
%he fourth point is that while the farm effect coefficients
obtained from the regression analyéis pegmit,a ranking of farms with
“no ties, the KIDA's measure results in a greétimanY'ties since, at
most, there are only ten possible scor;s. This means that the normal
measures of rank éOrfelation such as Spgarﬁan's or Kendali's are not
of use.3 This is‘a pit& since a listing of the tw&-se;s of figpres7
gives one a téntaliziﬂ%qupreséion that there is a“signifi;ant degree
of anformity betweeni the rénkings. This can be seen<in Table 20 )
- where the'following prbcgdure waslaﬁopted in order ‘to obtain compar; )
able rankings. ihe npmber of farms gaining 10, é, 8,00 ééc. poiﬁts
;nder the KTDA éyétem were fanked as .being in ;lass 1, 2, 5,.,.etc.
Then the same ﬁumbeg nf fé;ms in the-;tatistical ranking was put into
each c1a§s. Thus, if thgrg was one farm with 10 poinfs then the farm ~
Qith thé highest "farﬁ“effect“ wa§4gi§en the rank 1. If an additional
" eight had."9 KTDA points, then these farms were glven the raﬁkléumber 2

and the same was done. for the next eight farms w1th ‘the hlghest “farm o

Aeffect“ coefficients. This procedure was adopted by only using the

3There seems to be little or.no discussion in Statistics text
. books of the problem of ties. Where the. problem is discussed, as in
. Freund (1, Pp.364-366) the concern is ¢énly 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. .- - .

ey

fou— - 3&
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Table 20 --. Regression Analysis and KTDA Measures of Farm
_— Efficiency and their Rankings for Nyamira Farms )
Farm No. Regression KTDA,
(i) Cbeﬁficieﬁt Rank (class) Measgrel Rank (class)
) ‘(BO]..) . L. "" N
i, .933 2° 9 v g
2 . .563 - 3 - 9 2
"3 T -.258 6 5% -6
4 U726 2 8 3
5 615 Y 3 7 4"
6 -.093 .5 6 5 -
7 .187 3 8 . 3
8 - .435 3 5 6
9 461 oo, 3 9 - 2
~10 .306 .3 — -8 3
1. -.009 - . 4 6 5.
12 ~ 079 - . N.A.- oz
13 w883 2. 8 3
14 -.093 5 8 3
15 . w135 3 . 7 4
16 2.016 2 8 ‘3
17 .082 3 . T 4
18 -.105 6 9 2
19 7 .330 . 3 8 3
‘20 -.052 - 4 5 - 6
21 704 ¢ 2 7 S 4
y 22 3.741 1 ‘10 1 B
23 .054 4 ®9 - 2
2 .. * .368 . 3 9 2
25 -.183 6. 8 3.0
- 26 . 204 .. 3 - 8 3
w27 067 b 8 3=
28" oo N127 3 8 .3
~ 29 . .323 3. ~ “8 « 3
030 ... - .51 T .3« B 3
31 - 1715 ;o2 8 .3
- . . N\ ———

~ ®he ranking's are by.the six V‘(;;.l‘as.s'e‘s. established by the KTDA's
2~ measure of farmer efficiency when only the "plus" marks from
‘the Field Report Forms (Table 18) are used.

-~ . -

’

L - .
. o ’ ’ - p)
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- KIDA's "plus" marks since these would be more related to‘the'farmers'
ﬁérformance—igﬁﬁge earlier yéars, to which the regression analysis

applies. el ’ .

N

However,, having obtained_this'listing‘there is no standard -

.

summary statistic which can be used fo tell us the significance of the

;apparent degree of association.4 Since.a‘direct comparison between
. : : . S . . E
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 differénces in efficiency in

“ the Divisiong appearing in Table 19; and secondly, by exaﬁining Ehe;

two measures for evidence of potential management bias. - ,
A : ) %0 .
LY
3. Quantifying the Techmical Efficiency of Farmers 7

' A3 e .
In order to quantify the differepces in technical efficiency
. ] B TR
within each of the five 4reas analysed in the earlier chapters, the -

N

farms in each sample_gré‘aivided>into four even groups by the rank-of

> S P
their farm effect coefficient$§. Thus, although the vectqr of farm

effect coefficients in each area 'is unique to that area, in order to
, . . . o

compare areas we make the (weak) assumption that the top 257% of thg

farmers are technically efficient. If the assumption is wrong and
" there are in fact few, if any, technjcally efficient farms in any .
given area, then the efficiency factors given below are less meaning—
N >

ful. The percentage of farmers in Grade I in Tablé 19 suggests,

) -4It would make an interesting additional study‘to‘seek out
complete sets of information from Field Reports to see the effect
qf applying a more appropriate weighting system. N

- ; N .

®
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: however, that our assumptlon is reallstlc. Certalnly th1s procedure

- *

is Eore appeallng than u51ng (as was suggested in equatlon_III - 8)

merely the very best farmlin each area as the basis of the frontier,

since our procedure is less deterministic and allows for some stoch-

astic noise around the production possibility frontier. - ‘

~ ; -

arlthmetlc mean farm effect is then taken for each quartile ranges

FY

- . S«

thus»g1v1ng'us four yield levels for each-area. Thus ° ..~

M, = & forj = 1,..,4 Gi-1

vhere Mj is the mean of the interquartile range j and K = N/4

- >

where N is the number of ©Grms in the saople{' When thesefmean farm
effects (ﬁg);are added to the ratio coeffiqients (Bé, see equation .
(III-11)) we obtain four yield curves for each area.5 The highest
&ield curve is considered to be the technically efticient curve,

. . that is,it represents the ptoduction.possibility frontier. The

e

otﬁer'cutVes represent interior points In the possibility set (see-

In order to calculate the de31red efflclency factors, the ‘o

% - N
Figure 2, Chapter II).
K B A comparlson between areas cannot be made by 51mp1y compar—
ing the Mj of equation- (VI - 1) because the scale of the farm e?fect
Rather than curves, per se, we have four sets of five y1e1d
coeff1c1ents for each aread e
. & . -
= .
. . =M, +87. (k=3 to7andj=1to4). .
- o .‘B}s,_J sk( 3 ; )Xo,
Thesé coefficlents.are point$ on the yield curve (see'Figgre 10).
F— v - -
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. coefflclents in any one area is a cardinal measure of efflclency

.

that is unique to that area. The scile is unlque in two. senses.

First, it is related to the overall intercept for each area. It

will be recglled'that,'in order to avoid a singular moment matrix,

‘the overall inte;cept is omitted from Model IV. This means that it
“ %
is 1mp11c1t1y‘1nc1uded in the vector of. farm effect coefflclents.

It is a simple task to comstruct a mew vectbr of farm effect coef-

_ficients net of thé mean farm effect. This gives us:

1
w
»

i

B- . I - 2)

I
Boi oi  ‘o.

However, the scale of this new vector of coefficients (B;i) is also

determined byithe growing conditions in ahy areat As was suggested

earlier, the effectiveness of good (or bad) management w111 be more

& N

pronounced in high-yielding areas and less,pronounced ;n low- w

™

‘yielding areas. This is the- second reason why farm effect coef-

Tn order ‘to make comparisons between areas a normalised

- efficiency factor needs to be devised._ One possibLe.ihgex of tech- -

nical efficiency is the following:6

N —_ . - . :

v LI 35 . . .
M, = L——2 100 (§=1,2,3,4) VI - 3)
. My +7 85 - -

- o An alternative would be to tést the extent to which better

* (or worse) farms shift the average yield curve. Thus we could have:

v M ovBg , -
M, = = .100 (j = 1:23334) where M E. B;
J Mo+ Bg - : . oL

-1
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Where g% = Eff1c1enc¥ factor for 1nterquart11e renge 3
- (3 =1,2,3,4) (By definition, Thén, ml =-100.0)
* M, = Mean of the farm effects ihvintereuatt?le'rehge j~'
‘ (j‘= 1,2,3,4) (see equetion VI - 1)
B = ‘Ratip coefficient for tea in its fifth year of

maturitj kééé, ?er example, Table 9)
ﬂj prevides us with.a no%malised efficieney factor which
indicates the percentage by whieh the technically'igefficient farms
fall short of the efficient frontier represented by ﬁi + Bg. The
ratio coefficient is added to both the numerator and the denomihator
because of the mathematlcal form of -the y1e1d curves.‘ These curves
‘shtft linearly with the change 1h management effect and consequently

®

one obtains somewhat different indices depending on whether one uses
N - -

first year or last_yeat yields. Thus, as the size of B£ increases

(as k goes from 4 to 7) the relative differente between any F%»and
, et . .

&Ei~far i# j will n&rrow. B was chosen’ simply because it was the
middle year. The same problem would not arise, with Model V since -

there is a multiplicatiye.rather than an additive relationship

.

: * -
" between B i and B . 7' There is an incidental advantageeto the above

precedure in that it overcomes the problem of having M4 of negatlve

RN

51gn (as was the case in Glthungurl, Gatundu and Nyamlra)

‘

7ThJ.s was dlscussed 1n Chapter I1X and in Sectlon 5 of
Chapter V.

o g i i £

'
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These eff1c1ency factors would he sen51t1ve to extreme

observations among the farm effect coeff1c1ents. Hence,vbefore

proceedlng with the calculatlons of the efflcleney factors, it is

necessary to examine the frequency distributions’ of these coeff-

icients for each area. The flve_hlstograms are set out in Flgure 11 -

(a), (), (c), (d) and (e). It will'be noted that Kitutu has one
extreme observation while Nyamira has two. Both areds are suffic-

iently close.to large tea estates which -have experienced severe

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 hlghest farm effect to the next hlghest is only 1.39-: 1 but
&y
for Nyamlra the first and second farm effects exceed the third by

4,01 : 1 and 2.18 : 1, Nyamlra also happens to be a couple of miles

closer to. the tea estates. Having said this, however, it is inter-—

,e

be effipienﬁ'on the KTDA ranking. The fdrms are number 16 and:,

s . N . . L
esting to mote that the two farms in question dre also caonsidered to
e 8. o R
number 22 in Table 20.  Using Bowley's measure of skewness, which
avoids -extreme observations, neither of these distributions would be

considered highly Skeweq.g The frequency distribution for Nyamitra-

gA further reason for the omission of farm number 22 is the
extremely small acreage upon whigh the extraordlnary ylelds are . |

~obtalned. This farmer. had planted only 200 stumps in 1960 =* accord—

ing to the offlclal reports. .
. e 7 . .
T 9Bowley's measure of'skewness is given by
4, - 9
sk = —-EL—:f——i- T o R
-4 4y

where q. and q,, are the differences between the medlan and the lower

- ~and.. upperdquarglles respectively. -1 < sk s+ 1,with a symmetric

distribution having & value of 0. Bowley\QUggests ‘that a value of
0.1 indicates a moderate degree of skewness wirile a value of 0.3
1nd1cates marked s§swness. (See 3, p. 132) C .-

,L,“.‘ ) - 1\

- | - i N

by




e

4 L ;
of Form Effect Coefficients by Divisions.

Fig. If. Frequency Distributions

8. GITHUNGURI
(N =42}

T 128

.
SN\
N

::::::::::

~-¥ 8 © o w 'y o O

" D.NYAMIRA

f \\\\\\\ :

N
BN
e\

|||||||

E..

| &\\\\\\\\\\\\\\\ -

kg R\
Bz \\\ \*_



~129-

277Y,

N

\\

7
).

Amm N)- DawpAN 40§ .

uoINQLISIQ >ucm:co\_u_ PaI}IPOIA .N_ o_.._

d

'S



~130-

T is replotted in Flgure 12’om1tt1ng ‘the two extreme observations:-

- e e "

e B e s

wﬂ]'- the omlssmn of these coeff1c1ents we can proceed with
the calcu-lathn of .t:he effl_c:.ency faetors for each‘\area,”‘ usmg
s equatlon (Vi = 3) These are present-ed in Table é‘l.’ It is immed- -
1ate1y appare.nt that there is a b351c 51mllar1ty between the .
- oo ~efficiency factors of the first-th;ee Divisions (Gatu‘ndu, Githeng}iri
and Buret). The second quartile of farmers achieyes approximately
s ' 76 per cent efficiency, the third-éé per cent and Ehe fourth: about

50 per cent. The efficiendy factors for Kitutu and Nyamira are, .

however, quite differefit. TInwthe former the farmers are 'generavlly

»Table 21 ~ Normalised Efficiency Factors for

. *
Technicallw Inefficient Tea Farms. :
- Efficiency Factors ('Z)V .
Soe s : ") ‘ N \ 1 ! [ W7 a
N D1v1swn_ . M.J; Mz . M% - M[‘— Skewness
" ) . Gatundu 100‘;{-'0'”‘*‘9"' FFL 6252 - b5T— 0,102 .
Githunguri = 100.0 76.6 64.8 45.3 0.206
h ‘Buret .160.0 76.4 63.8 £ 52.9 0.096
o Kitutu _ 100.0 82.0 70.6 57.4 -0.140
) Nyamira® 100.0  ~ 73.9 53.1 35.3 0.103
. »  The explanation of these efficiency factors is contalnec}' in the text. - .
o *‘aUsing Bowley's measure of skewness (éee text) where ¥ 0.1 is comsi-
= ’ dered to be moderately skewed and ~ 0.3 is highly skewed.
b o o .
. Two extremely high observatlons are omltted for reasons given in

_the text.s, s ) -

5



el T

~more efficient while in-the-latter they“ere’less“SOTLQ““T“” TR

Tables 19 and 21'essentia11y represent two alternetive views

R

. If the farmers in the top-grade in Table
19 are corsidered to Be tecﬁnicélly efficient, then Grades II and

.
'

'III show the proportion of farmers who. are technically inefficient.

The Table does not show the degree to which!tﬁeifarmers in the lower’

grades are inefficient. Table 21,-on the other hand, shows~the
extent to whlch 1neff1c1ent farms fall short but does not seek to ‘
answer' the questlon as to How many farmetrs are 1neff1c1ent. In

spite of these two views of tech ical eff1c1ency;'1tris clear that

the results in Table 21 are ¢ .ainly not what we are led to expect =~~~

from the KTDA grades present.u in Table 191 .There is no evidence

e Ut ST . o . s 11
here to sd%gest 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 - 1nc1ud1ng Glthunguri.

. This leads us to question again the subjective neture_of Ehe )
KTDA's grades both in terms of the arbitrary weighting eystem and of

. 1) ) L . .
the reliance on the personal assessment of centrally trained Junior

’

Agricultural Assistants. These JAA's all carry the same set of

1OThis result is partlcularly interesting since these two

.. areas dre in the same ecological zone and aré occupleﬁ by the same

tribe. While it is outside fhe scope of this study, an ‘investigation
into the causes of this difference in efficiency would be worth.
pursuing - especially since a number of the explanatory variables

-advanced by V. Uchendu fbr differences in efficiency between Gussi

farmers in the Kisii highiands and'lowlands are . eliminated. Both
Magombo (Kitutu) and Kenyenya (Nyamira) are areas of more recent
settlement in the highlands, the people are adhet¥ents to the same .

" faith and have the same cash crop opportunities. (See 4).

- AN
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consiherable'degree of uniformity in their grading. Thisrproﬁably

means that the less favourable areas (in an ecological sense) will

tend td be 43anrédedvbecause of judgement based on what was taughfff

»and experienced at the Tea Training Farm, which is in an area‘of

 "high yields". Thus a possible interpretation of the Githunguri

figures im the two tables may be albng these -lines: the reason why”
[ . .
so many farmers fall into Grade III (Table 19) may be simply thét'

the penalty.for being technically less efficient in an area of low

2

. N
'pfgdﬁcﬁivity it much greater than in an area of high natural product-
7 .

ivity, such as Nyamira. A 51mllar 1nterpretat10n could apply for
the highly productlve area of Buret. It is not that 54 per ceht of

: . ““‘:l PNES T
the farmers are tecbnlbally efficient in terms of the productlon_n

possibility frontier of that area, but when. the judgeménf is based

on experience outside the District, in 1eés favourable conditions,

'1t would not be surprlslng for high grades to be achleved in the

-

KTDA's ratlng system. One concludes’ that Table 21 casts doubt on:

the validity of a straightforward 1nterpretat10n “of the KTDA grading

. system as being an adequate measure for caomparing efficiencies be=

tween Divisions.

4, Manageﬁent Bias Revisited -
. R - . o . ]
The second major reason. for the inclusion of. farm effect

N .

‘Qariables was to avoid the ppssibility of management bias. This

question was discuséed in some detail in Chapter III. We ﬂotedfthaf

it was rare to have ex ante evidence for the existence of management
«

-3

" bias. Usua}ly relianée in’ placed on the statistical test (i.e. an- -

"“iﬁ§E§ﬁEEiaﬁ§"(éEELZ)“Eﬁawif'w6UId‘bé’§urpfising*ff*theré“we;E"not"a e
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~“Petest)~of the significdnce-of including "the-additional-firm vari=--=---

ables. However, these tests do not relate specifically to. the -

‘existerice or otherwise of management bias. What they do show is

whether there is a significant improvement in the fit by using the
R .

" 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

farmers have, in general, planted more tea. In other words, does

2

the hypothesised positive relationship between madagerial‘ability'

and.other inputs actually exist? 'Table 22 shows the same four cate-
Agbriés'of farméfsAused in Table'Z} but gives the averaée numbér;éf
ﬂstqus.that,had bee;&p%anted by those farmers in 1966. The lasF
column g?veg_the expecteiﬁﬁirectioﬁ of “the bias in the.§ield c;eff—

..

. icients. Thus, using the farm effect coefficients-as_the_basis of
. N ]‘.N' N . ) . : - . - .
ranking the quality  of the farmers, if on average the farmers in the

higher quartiles plant more tea, we would expect an upward bids in

the coefficients based on an equation omitting the farm effect vari~

- , v

ables. This was the form of our initial hypothesis, but the converse

is also pogsible; a downward bias where the better farmers plant less
tea. The figures in Table 22 would suggest that the expected upward
- B - -
¥t . . v
bias might exist in only two areds,(GQFhunguri arid Buret), while a

downward bias could exist in Kitutu, and no bias in the estimated

"_coefficients would be likely in tRe other two areas.

» ! - B



e e e e st s e e e+ e e e e

. -

Table 22 - Average Number of Tea Stumps per Farm by
Managerial Class for Five Divisions in 1966

™ .
) ’ . 'Expected
, X Managerial Class - " Management
. Division 1. 2 3 - T4 . Bias
s Tea, Stumps
Githunguri - 5,047 3,300 2,456 2,695  Up )
-.Gatundu 2,765 3,856 3,208 25455 -0 — e
- Buret ' 3,455 3,292 2,313 2,150 Up
Ki tuti 1,255 1,864 . 1,800 - 2,013  Down
Nyamira 1,145 1,262 --1,180 1,300 - 2
< -
i
‘ ) -, The actual, as opposed to the probable, existence of bias in
the estimated coefficients can be checked upon by coqpéring Model 1v,
~with an average farm effect, and Model Vlwﬁﬁiéh excludes' individual
farm effécts and merely has an overall intetceptu Thus equations-
“- (VI'- 4) and (VI - 5)_aré being qompared.llA'
P ) ot . . . ) ] ' Z’ .
. = g* " 4 7R~ . - ‘
T s . Mode% w Yies T B, ﬁsk Pkit'f %t - (v;""' .
s , . ) .
11For details on these équétions, see the previous chégter.

e
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Model VI Yit = 86 ¥ EBk Pkit +-eit (Vi - 5)

The difference betwéen these two equations is to be seen in
the intercept term. The yield coaffiéients_derived from these equa-

tions are presented ifh Table 23. The last colum in this_tabie

shows the 6bserged di:eétigm of bié;, if any.  In comparing the.
final columns in Tables 22 and é3 it will be noted that in Buret and
éitutu the direttion of bias is the same in both tables. :ﬁowever,
both the "expected" and actual bias in Kitutu is iﬁ the opposite

direction to that hypothesised from the only ex ante evidence at
hand.}z The expected‘upward bias'inkGithunguri does not show up

While Gatundu demonstratsfggn pnexpectedrdownward bias.

The evidence for management bias beiﬁg a problem in the

b

& - estimation of tea yield curves is far'from conciusive = either for

. any partiéuiar area or for smallholdef tea in general. On the

§ based onr Model VI would differ little from those based on Model v
and this ‘is lndeed what ve found .in. Chapter V. Indeed ‘we went.a
- gtep. further and suggested that for prediction purposes’ 'blased'
coefflclents mlght be preferred»l
N leSéé footnote 6'in‘%hébter III.
s LT 13The bias can be 1n£orporated 1mp11c1t1y as .in Model VI, or

'exp11c1t1y in Madel IV by qging a welghted average of the farm effect
.. coefficients. Thus:

Le

v TR
S S P | «
o P L.

.

strength of the evidence presented one would expect that predictions )

where Bo is the-weighted- average of the fa:g;gffect-coef£1c1entsw;v —
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We would conclude, therefore, that from a practical p01nt of

view the inclusion or exclusion‘of the farm effect variable must be
. . ¢

based on considerations other than management' bias per s¢. However,

it‘shguld-$e recalled that the smallholder tea.industry is in the
prooess ogrrapld‘éxpansion and - the acreage of tea on any givén farm

- .

* is likely to be below optimum. If one were starting this study as

of 1970 rhere would be a'great deal more ex ante evidence regarding

" possible management bias. The more récent acreage figures.and the

KTDA's own.grading procedure would be an obvious basis on which to

examine the oossibilityvof a positive oorrelation between acreage

planted and a farmer's managerial skill. Table.24 Bringa together

the most recent data on acreage and management for three of our five
R

areasg The KTDA management ratlngs based on the F1eld Reports were

grouped into’ four classes. Only the total positive marké were taken

-

S d—r "

_into consideration since these are more closely related to current

output than are the negative marks. 11

- Table 24 shows that byL1969 the better fariers had‘indeed.
planted more tea than the poorer farmers.lé Thls pattern had already
“\

emerged in two of these areas (Glthungur1 and Buret) in 1966, as.can

be seen in Table 22. However, it is significant that these two

tables represent,quitg different sources of evidence for possible

e

fmanagement bias, Brlnging'Table 22 up to date with the 1969 planFing

'14In Gfthunguri two farms with large tea holdings are in

the lowest class. It is quite likely that, as’ with the farmer

with 31 OOO.Stumps in Buret, (in class 4 in Table 24 and
class 2 in Table 25), these farmers are absentee landlords invest-
1ng non—farm 1ncome 1nto tea. -

. e
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Table 24 -~ "Average Number of Tea Stumps per Farm 5% KTDA '
% Managerial Class for Three Divisions in 1969.
-l‘ ) ) -
R ' ‘ ' - Expected
) S KTDA Managerial Class Management ~

Division 1 2 3 . 4 n Bj.as
Githunguri 8,602 4,106 3,689 6,146  Up

' e 5 '
Buret " 6,382 5,752 ¢ 5,925  4,814°  up
Nyamira 3,610 4,382 2,489 1,579 Up

|

’ 2rvo farms (out of 10) had almost 50Z of the stumps in this class.

bOz}e farmer with over 31,000 stumps was omitted. This farmer, a.
senior civil servant, isﬂ_ an absentee landlord.

. 3

"Table 25 - Avetage Number of Tea Stumps per Fa.rm by Statlstlcally-
N Based Managerial Class for Three D1v151ons in 1969.

¥
: . : . ' 'Ekpected -
Managerial Class? Management .
. Divigion 1 2 3 4 = Bias a
_ Githunguri 8,833 5,876 4,028  4,927°  up-
Buret T 6,657 6,530° 5,727 7 4,727 Up
) ‘.;Nyam'i'ra ' 4,514 , - 3,818 - 3,198 ) 2%}_ up E'
8Based on farm effect coef%%cients. e LT
Prvo farms {out.of 12) have 45% o_f_:__tzhe's,tixmps‘ in this class.
“Comits the one farm with over 31,000 stumps, - ‘ ’ o i‘\é‘;

4 R -

. . : ) . .
R : . “le
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vfigures 15_; asAis done in Table 25 - produces resuits that parallel
'those of Tablg 24, suggestlng that the ranklng of farms by the KTDA
and’ by the regress19n technlqug are not too d1$51m}1ar.

; However,‘thg hypothesis that*bétter:fafmerS'plant more ted -
pahnot be accepted simply-bnlthe basisqu Tables 24 %nd 25 since it-
could be countered by the antithesis that there aré ecoﬁbhies Qﬁ
tcale: larger farmsm;ré better simply because they atevlarger.'
More evidence is requlred on this point, but the change in Nyamlra ‘
between 1966 (Table 22) and 1969 (Table 25) is of particular 1nterest
since the ranking of the farmers was done before the 1969 holdings
were established. Thus the antithesis would be rejected and the

hypothesis accepted.

e

Our final conclusion is that whlle in the ana1y51s of the
tea yield data up to 1966 there is no strogg evidente of management
_bias, there is evidence in more recent dgta to suggest that the
problem is mate likely to exist toaay than it diq.five years ago. .

-

15 This exerc;ge hlghllghts the d1sequ111br1um 51tuat10n in
sthe smallholder tea industry with its extremely rapid growth 1n the
average number of bushes planted per farm. -
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\1.~ ’ The ngh Level of Labour Inputs o -
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CHAPTER Vil

LABOUR INPUTS IN TEA PRODUCTION‘ ‘

Tea is indeed a labour intensive crop. This is recognised in

all the standard works on tea cultivation and on the“mahagemént'of

tea estates (seei for example 2 and 5). .Only in Russia, and to a

lesser extent im Japan, has there been much success in mechanizing

Do . 1 : R . . ,
tea "harvesting" operations.” East Africa, as with the major tea

producing countries of India and Ceylon, continues. to rely on manual
labour for most field operations in tea production._ This.is hardry

surprlslng considering the low opportunlty cost of the labour 1nvolved.
E S - o

Among- smallholder tea farmers in Kenya, tea, in splte of its .

"recent introduction and the very small size of the,tea gardens,

already accounts for a substantial proportiom of total labour inputs.
This is shown in Tables 26 and 27 which give a'brea&doﬁn of the average
annual lébour'inputs in farm and domestic work done by four groups of

twelVe farms in Kericho and Kisii districts.2 It will be noted that

. 1There is an interesting illustration of the type of comblne
harvester used in the Georgian S.S.R. facing p.703 of 3. This is a
contrast to the Japanese level of mechanization which 1nvolves the
use of hand-operated shears. 3 .

2The 1nformat10n on these 48 farms. wag ccllected during

+ 1965766 in the detailed farm survey conducted “by the author. The

I

farms form the finmal samplinlg stage of the survey and.were selected- »
at random from those farms which have been the basis of the major

~ portion of the analy51s thus far. Twelve of the Kericho farms .

- ol

feature here for thée first time in this-study. The Konoin Division
farms were omitted from the earlier analy51s because many. of the - _
farmers in this area had planted tea prior te 1959 but these plant-
ings were pooled in the KTDA statistics with the 1959 tea stumps.
Interpol4fion suggests that this area has ylelds.mell below Buret .
but, somewhat higher than Gatundu.\ R

- X . -
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Footnotes to Tables 26-and'27

"Man-equivalent" hours are calculated us1ug the weights
Men = Women = 1, Children = } ‘

ThlS category is 1n31gn%f1cant in Kericho District since.
; S maize and cattle are the main alternatlves. However, among Lhe K1511
. farms ‘it includes pyrethrum, coffee and ‘passion fruit. -,

*

b‘"leestock" includes indigenous apd European breeds of .

cattle plus a few sheep and goats. Most of the time is spent on

herding, but milking, se111ng m11k and spraying the cattleé is also
included. -

€ Includes work: on vegetables, building and repairs, and
supervision. It does not include comminal work nor work done by the
*:7 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
cha51ng monkeys away from the maize in Konoin! -

£
. d : o, . 3 . . Cy s
N Includes cooking, washing c¢lothes, ¢ollecting water and-fire-
wood, etc. - o
s ;
- H -
H
. L2
.
. v,
.
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in the very h1gh—y1e1d1ng areas of Buret and Kltutu, which had .

" averages of 1.16 and 55 acres of tea respectlvely, labour inputs

in tea exceededmthose of any other enterp;ise. Indeed only domes—

'

tic chores took more time. In Nyamira, with lower ylelds and an ‘
average of .44 acres of tea, both maize and livestock exceeded tea
labour inputs, while in_Konoin, with even lower yields but 1.07

acres of tea, only livestock took more time. However, the major

Ainput-in livestock-is in herding which is ﬁsuéiiywdbne by. the

<

younger children who would have considerable difficuity with-most

- . 9

tea operatioms.

.
.

This extremely high labour input-'in tea.iﬁmediately calls
into question the asYumption of the early chapters of this study..

- LS ) e . . . . .
There it was assumed that current ldbour inputs in ‘smallholder tea

-were 301nt1y determlned w1th output by other 1nputs. Given the

assumption of the high degree of compIementarlty between labour and

"capital" ‘(i.e. a weighted addition.efﬁthe bushes of differing vin-

SN s : - - e
.tage) it was argued that, provided labour was not a binding-eonv, .

straint, the use of a modified linear production function excluding
- . Q‘@ .

.-

current labour iﬁputs was a valid approach. It is our task in this

- chapter to test that hypothesis..
.-

T ','

T2, -Labour Operatlons and Hork Rates et o T

.

‘Labour inputs in tea productlon can be divided into a num~

@

. ber of operationms. ‘These operations themselves can be.grOuped into

- T e

those relatlng to the establlshment (1 ea. dlgglng, plantlng, pegglng,

mulchlng), malntenance (weedlng, fertlllzer appllcatlon, prunlng)

,-and harvesting (plucklng and dellvery to ths\ﬁfylng centre) of tea.

. , ‘ B

ﬁ.— o g 4' - . | . | .,:v.
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Establishment and‘maintehanceilabour inputs of earlier periods will

~undoubtedly have a strong influence on current output‘ Variations
a1 > .
in these 1nputs are, 11ke1y to be hlghly correlated to, 1f not syn—

,onymous w1th, managerial skill.- To the extent- that thls is the case,
-, .
labour inputs do alreadyvfeature in our productlon functions. It is
the substantial tlme lag (two years in the case of establlshment and
one to two years in the case of malntenance 1nputs) between these
inputs and the resultant output that preventsva single year's-cross;-~
‘eection Qata on labour ‘inputs from béing incorporated explicitly into
a productipn'funotion. In retrospect, there is no way of recovering
the labour input_data of former years except in the implicit manner

In other words, establishment and maintenance

LB :é"
Naced cost which is net subJect to change in aw

that has been used, ,

1nputs are aeﬁorm of

- retroactive manner.

&

- a - . —

¥  As tea matures, the major maintenance operations are reduced,

to annual fertilizer application on tea which is over five years aof-
1y .. .

i - B
ageq3 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, plucklng the leaves and the dellvery of them to the buying
centre. In Tables 28 and 29, which give average annual labour inputs
per farm on tea by the dlfferent operatlon'and labour categor&es,

A . - .

"digging and plant{ng" and weedlng _will tend to dlsappear over time

v

. while ' plucklng and ' dellvery become 1ncre351ng1y‘1mportan§.

3As was indicated in Chapter I,. the campaign to get tea
farmers to-use fertilizér had been 1neffect1ve up to the time tég -
Whlch the survey. data relates.
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Our initial hypothe51s as- regards ‘the form of "the productlon»

2

function spec1f1ed both that labour input in harvestlng was deter-

:

glned by output and other-inputs and- that labour kas’not a limiting

"factor. The first point is fairly straightforward and has been

; .. . . . 4 s s -
implicitly accepted in other studies.  Nevertheless, it is worth

investigating the eviaence a. little :further in regardyto'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 qQ is total output.5 We expect there to be a hlgh degree of cor—

% "
srelation between output and Iabour 1ﬁput. The equation'is: .+~

¥

. 6
o= + L.+ U, . '
- Q; % jEL %3 LJl Us (Vi - 1)
whefe‘ Qi- = .the annual output of pounds of green leaf on. ‘
. farm i (1 = 1,...,47)
u;’ = the intercept term
ajh = the marginal product of labour type j (j = 1,..,6)
) Lji = the gnnuéi{input,of Labour type 3 on farm i in hours
; u, = error term.
4

Thus Massell only. uses weedlng 1abour in the productlon
functions for African farmers growing annual crops "because labour
: appeared to be a 11m1t1ng factor only at_weeding time..." (Massell
.8‘)P206>
5 I Y _ o
The neutrality as £é6 the direction of causation is strictly
true only of orthoglnal Tegression. . With OLS, 1nterchang1ng depen-
dent and independent. varlables w111 give different coefficients
because of the direction in-which’the.errors are measured and mini-
mised.” In the present case,w1th multIple labour inputs, it is not
‘possible to estimate’ these 1nputs “from output. Furthermore, the -
highly significant coefficients and high R “ifi~equation (VII-2) “bug-
gest that the ‘errgrs resulélng.from rever51ng the dlrectlon of -

causat1on are tri ral., - o .
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Equatioﬂ (VIL -~ 1) is linear since tea plucking is :a peculi- . -

Yt

arly, individual affair so that there is mo additive relétionship{
‘between labour catggdrieé. The types of labour input (Lj) ate those

. given in the heading E& Tables 28 and. 29 with the one exception that
"hired~chi1dren"M(forﬁhhom there we?e few observations) are pooled

with family thildren.:‘Thug’Ll = the farmer,t52 = other family men,

L3 = family women, L4 = all children,’L5 ='hired men and L6 = hired’

- women. The-marginal products G—Eg— = uj) should be thought of more

) -3L,
. . L3 . .
as work rates per hour than'marginal products in the usually accepted
sense, .
Equation VII - 1 was estimated by least squarestregreésion
techniques. For our results*to be consistent and unbiased we assume:
Ak
% e -

’E(‘Ui) o =,‘ o

' -

0 _for i3 G,3=1,..,8)

o 2 for i =‘jhj; (i:j = 1)'\f 9,N)

The strength of these assumptions should be noted since, as
r

.is the case with so much economic survey work, the measurement 6f the

09

variables cannot be assumed to be without error. What is implicitly

.assumed- is that these errors are merely in observation and are inde-

penden igf Lj.

The results are as follows?

A ’ X ’ . - o
'Q = 60.83 + 3,47L, + 0.42L, + 2.50L, + 2.07L, * 3.93L_ + 3.50L, -
(.348) (4.15F. (.399F - (4.13}. (3.208 (13.717  (5.03f

R =.922 e T L IL - 2) R

where the figures-in parénthesis are .the ratios of the coefficients -

»

-

to their standard errors. T \K;;ﬂ

- ;
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» - With but one exceptlon (famlly men other than fhe farmer)

[y

¢ the work rates ( uJ } -are hlghly 31gn1fxcant. The relatlve SlZES of
the various coefflclents make a great»oeal of sense, hired labour :
havihg generally a h}gher'prodﬁct-per*hoor, with thg~contrast hetween.
‘hired women ahd fa@ily women:being yarticulafly.greatfuiln general

one would expect.such-a situation, where the hired woﬁen are unencum-
bered by family reeponsibilitieé and are probably yo;hger. The

lower work rate of farmers could be explained by the elemeht of

superVLSlon that would go w1th their plucking and the fact that in

, most cases they are older men. The intercept is not significantly

différent from. zero - which iS'satisfying. It is of interest to mote _

that were these work rates to be normalised with respect to ‘the

5
average male adult marglnal product then we would be. close o the'
weighting system commonly used in Kenya and Uganda to calculate man-
equlvalent units. That is 1 han hour =1 woman heur = 2 hours worked
by children. (These are the welghts used in the labour 1nput tables
ih thie chepter) ' - A

The actual sizes of the wark rate coeff1c1ents are similar

to those found in other tea-produc1ng areas of East Afrlca. Pudsey (9),-

worklng in the Toro District of Uganda, calculated average. man—-equi-

,valent plucklng rates of between 3. 42 and 4. 85 pounds of green leaf

per “hour on. farms with low and high ylelds resPectLvely.6 The

tomparable figure for Nyéri District in Kenya was 3.2 pounds . per

6
This distinction is an indication.of: the true dlrectlon of .
" causation. :
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man—eqoivalenﬁiﬁour (&)? _The'KTDA‘itself used to believe-that a
rate of io pounds per hour coold be achiéved’(gee sectioﬁ 5(1) in
'Append1x 1) but has‘rev1sed that flgure downwards to two kilos (4.4
pounds) per hour as belng the rate for.a good plucker In general,
piucking rates on the large tea estates are much.higher than on
smallholder farms. Rates of fen«pounds an hour ore ochieved in
flush periods by excépoionol pluckero while six pound? ah.ﬁour is
coﬁéideféd normal. It Should come as nmo surprise that tho estatés
achleve thesé high rato§ since thelr labour force is composed of
permanent, pather than casual, workers who have built up -specialist
skills, Furtbefﬂore, these workers are generallj plicking from ‘

mature bushes (most of them considerably more than 20 years old)

. . 5.5 ) o y
which allow blgher_plucklﬂé rates becduse the shoots are closer. to-- :

. gether than. on the imﬁaopre bushes of tho'smallholder.
The close fit of equation (V¥I —‘2) to tho data confirms our
‘hyoofhesis of a high dég}é; of correlatjon between output and houfg
spent plockiné éeé: Vﬁowevef, it is mnot posoiblo to prove the direc—
tioq of caosation.— this mus£ be deduced from fhe logic of tho A
produdfionfprocess _The higher work rates onrthértea osoaoes and .
‘Pudsey s figures (7, p.35) would suggest that the labour 1nput 1s
.1ndeed -a function “of the amount and the den51ty of the avallable tea
le;ves. ;HenCe, labour ioput is jointly determined by output aﬁd by

the other inputs. -

. 7Slnce plucklng and dellvery were pooled 1n the Nyeri )
Report an allowance cof+12 per cent was made for: the delivery time.’
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-3, “Labour-as a Binding Constraint

We turn finally to the assumption that harvesting labour
does not represent a binding constraint. -On the face of it this
. Ly :
would appear to”be an overly strong assumption considering the high

-,

. - © . . :
total labour inputs.in tea. Where does this labour come from?  Thes

answer. to this question is of more than passing interest considering
AY -

.

the lengthy debates on "the existence or otherwise of fural'unemploy—

ment and underemployment. In the African context the topic has been
e » ) : . v - 0l . Ry
the subject of at least one conference of social scientists (g). The

conference on "Labour and Leisure in Traditional African Societies".
T

- suggested four rather different potential sources of labour for new

g =3

productive activities: " (1) labour idle’because of lack of oppor— -

'tuniti, (Zj,labour employed to yield products and services of low

value, (3) 1qbour_employed'inefficiently, and (4) lahpur unémployed

because of illness. " (6, p.4).

,The conference admitted that in Africa today it 1s difficult, .

if not impossible, to find self-contained ,societies which could reason-
, .

sl - o )
ably be called "traditional”. Certainly the tea-producing areas of .
Kenya would not qualify. However, these four potential-sources of

labour are fairly universal and there is little doubt-~as ‘to “their °
. = - .

-importarice in the areas investigated in this study. °

Considering the last two items-first: the difference in the

. . ) ‘.'.A N N had ]
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 presént low levels of productivity aré;“

in part, an indication that labour is not é'binging constraint.
A : ) S - . -

SN

' ' ~ . ’g;
o .
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'Were it a constraint e would expect the labouxr to have a higher
level of product1v1ty - attained by plucklng only the easiest (closest)

shoots. The degree of 111ness (including some stages of pregnancy)

@

recorded on the survey farms varied consxderably between farms and

.between areas and was far from be1ng insignificant. Whlle only 133

" .
e

hours of absence from work due to 111nesswererecorded in Buret,‘the

'figure was 376 hours im Konoin, 437 in Kitutu and 514 hours in

Nyamira. L

%

More important than these potentialhsources of labour, the
: . . T e e
smallholder tea farms have already had to draw on pnemployed labour

(i.e.'"labout idle because of lack of opportunity")-'and underemployed

labour ‘ylelding products and services of 1ow value. It would be
. o £

"idéhl to have time-series 43%a on indiv1dua1 farms ;to check on the
‘re-allocation,of labour between crops, and between leisure and pro-

ductive work; 4s a tea garden becomes 'more demanding.- However, there

> >

is little doubt that the technical nature of tea production at the

-

equator - with itd relatlvely even- labour proflle - necessitates the
activation of labour normally seasonally unemployed. Flgures 13 and
14 show the average weekly labour input on two of the four groups of

farms"in Kericho and Kisii Districts. The more Jagged proflle of

the Kltutu farms (Figure 14) is typical of farms w1th relatlvely

-—-——-~<~es, e

11tt1e tea-while the Buret pattern (Flgure 13) is- common among farms

with about an acre of tea. C

8The complete columns in the Kisii flgures tend to under* -
state the fluctuations in plucking since~there is a tendency for
‘the time spentvweedlng to have an. inverse correldBion with plucklng
hours._ The. average size of tea garden in Kitutu was .55 of an acre
while in Buret it was 1.16 acres.

El ) ~ . N

e



Fig..13 _Labour . Profile of Tea.Operctibns on Buret Farms.
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it i important to, interpret these labour profiles correctly

Ty h

ﬁecadse the cenclusiee is vital -to eur'assumptiOn that iabour is not
yet a blndlng constralnt. Iﬁ terms of tbe,reguiarity of monthly‘
income, tea paymen;s may be 11kened to the "milk cheque" of hlgher
1at1tudes. However, unlike mllklng, tea plucklng is not a da11y

task on smaller acreages; nezther 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,

Ny

‘depending on the season. This pattern is well %lluetrated,in -
’ Figpre 14, Typically, avfafmer with less than an acre of tea will
arrange to stagger his plucking somewhef bu; will not be able to
achieve as e;en a plucking foutine as a farmer with a 1erger acreage.

iThus_erfarmer with about half %n acre and tve adult pluckers. would

bluckﬂfor four  hours on one day in oee week .and for the same period
. on two days the next week;9 A farmer with the’same labour fotce and’
wifh.: mature acre of tea yielding 1,000 pounds of made tea per
lannum would need to work on. his tea on three days»ln each week. bee
concludes that in spite of the heavy 1abour demands‘of tea, its lack
of extreme seesonah.ty and the extent to which plucking operatlons
.can'be coﬁcenttated on a fe& days in the week, allows tea to mesh iﬁ
;e;arkabiy well with énnpel crops with bimodel‘profilee of labour

" .requirements.

. 9The reason for'the four hour limitafion is discussed in
moxe deta11 below but a major reason for this is -the technical =
nece551ty of gettlng 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 fermént. This has an -

.adverse effect on thé qudlity of the flnlshed product.-

e -

-
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"It was om the basis of rough caléqf%&iogsxas to.the'piuckirg_

réquirements of tea (and recognising its other advantages), that the
KTDA and its predecessors almed "to achieve an average of one-acre

holdlngs, a 31ze generally considered (to' be) the max1mum w1th1n the

-

capacity of a famlly unit w1thout employing labour . (7,,p.8). This

conc1u31on was also accepted 1n the report formlng the basrs of the
smallholder tea industry in Tanzanla Q). 10 However, it is quite
clear from this study and from an earlier study in Nyeri District .(4)

that, in addltlon to- moblllzlng un- or under-employed family labour, -

ik
the introduction of smallholder tea has resulted in the h1r1ng of

- Districts hired no labour for thelr tea operations, . . g

1abour on tea gardens of con51derab1y 1ess than one acre in size.

Only three of the forty eight farms studied in Kerlcho and Kisii

& - -

. The amount of Qired‘labour employed;is a funetionfof many

‘variables, On. the supﬁly érde, the'opportunity cost of the labour

- is obviously cricjal and, as we shall see later; this ¢annot be

N

gauged simply by comparing the Emallholder piece-work rates with

those operatlve on the estates. The demand for hired labour will

"

depend greatly “on the 1nd1v1dua1 famlly Ssituation: the size and

plucking'skill of the family labour force; the opportunity cost of

4
the famlly s tlme 7 "not: only in terms of other farm er off-farm work

but also 1n terms of thelr Teisure preferences. The-demand will also

—

depend,on the amount‘of leaf to be plucked. As fer as these‘variables

“ N \
L b Y

1QThe Uganda experience is less relevant since the.tea

gardens are of a very much larger size and were-mever. expected
to be 11m1ted to family labour (9.
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are concerned the major différence tetween the four_sgmple groups
- . . ~
presented in the earlier tables of thlS chapter is in their average -

-

levels of production. ' In terms of other characterlstlcs the dlffer—

ences between the groups are not as great. ‘On_a ceteris paribus

. assumptlon, Table 30 glves us an extremely 1nterest1ng p051trve
relatlonshlp between the amount of output (or a measure Of a mature
acre equlvalent) and the percentage of the plucking labour that is
hired. '

Clearly; hired labour ‘is extremely‘important in the smali—

holder tea sector and the KTDA was in error to assume that farmers - B
[

would not hire labour until they had about an acre of ‘tea. The KIDA

-had in mlnd farmers w1thout off-farm occupations and it is.true that
- - H

the flgures in Table 30 are 'blased" upward by the ex1ste e + in-all
3

-

areas - of a number of farmers with offr-farm interests. These inter-

ests range from petty trading in maizé and livestock, shared.duties
o ‘Wlth partners in a water m111 truck or shop, occasional work using.

carpentry; buiidiﬁg or clerical-skills, and plucklng tea on the

estates, to elected'pOSLtlons on cooperatjves, primary school teach-
ing and sub-chief duties, and ‘on up to full time university students,
j;Assistant Managers on tea estates and‘high—raﬁking Civil SerﬁantS:

The exlstence of off—farm occupatlons is too common to be considered

exceptional Indeed one is hard put to flnd the KEDA'S .model farmer.

- _”7_P0551b1y the largest tea farmer in Nyamlra f1ts ‘the b111 s1nce,w1th

N o o N

‘1 21 mature acre equlvalents he only hired f£ive per ecent of his .

'pluéilng-labour.. But then he had four~adu1ts on tﬁe farm and two of
2. ) . .

his chilQren were old enough to help with the plucking.

®

'y
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Whe:her or not-a farmer could- manage,W1thout h1r1ng labour

._‘1

R
o e

%

- - for plucking is somewhat of an academlc'questlon since. most farmers -
g X ‘ e

“actually do hire labour. Does this iﬁﬁ%% that labour i's a binding

constraint? One suspects not since hlred labour was, and still 1s,

avallable at extremely low rates.
e -
At Eye time of the survey; piece-rate labour was paid between
- -‘.A . . b - .
six and nine (Kenya) cents per pound of green leaf. At this rate

. *~%abour was forthcoming although the plucking period washa;ly for four
- hours in the day. The attraction of such casual work, particulariy
among the farmers in .Kisii, was that the rest of the day.was left for.

the labourers to 1ook after their own shambas (Swah111 : farm) , At

the same time, regular (full—t1me) male labourers wvere h1red for a

. - R

maxlmum df 60 shllllngs per month 1nclUS1ve.of majize-meal rations:
e . ? ‘The pay was typically 45 shillihgs cash and the equivalent of 15.
= shillings in rations. Such labour was useéd om all crops‘but if there

were sufficient tea to be plucked regularly for four hours on four

- . days, of the wed ;;pen tea alone would almost pay the full 60 Eﬁiiiiugs}x
t

Z
5

However, techn1cal constraint of transportlng tea to the

factory from w1de1y scattered buylng centres within a restrlcted time
perlod could well impose an 1nd1rect 1abour constraint in the 1970's. N

The collectior.procedure used it present is fbr KTDA trucks to leave

the factory on‘their'outward'journey,early in the-mornihg)droﬁﬁing e

B 4

: 11One worker plucking for four hours on four days per week
. at, the rate of ‘four pounds of leaf -per hour would bring' in almost
60/— per month if, only the net payment of 23-cents were countéd. In
s-—the-meantime the farmer would be having his tea loan paid off -(10c
2 . per poynd), he would usually receive a second, additional, payment
T of up to 10 cents per pound and hé would have "free" labour® for
:.¥ . other tea operatigps and for his other crops. o g

RS e

T . . S S .-
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g clerks (collectors) at each buying centre to be visited

that da§. The return Journey, on whrch theugreen'leaf"end“the—buy—jl:

ing clerks are collected, 12 is started about 1 or 2 p.m. and flnlshes
at the factory between 5 and 6 p.m. - weather permitting_.13 Initially

. B

" a new buylng centre.is visited on one-ddy a-week and then on addition-

2

‘al days as the deliveries of green leafngradualfy increase as the

tea bushes in the area become more mature. Eventually -visits are
made on a dail& basis, .

In latel1§66, after the survey én which this chapter is based
was compléted, the KIDA concluded that the eréction of huying <centres
such that farmers were within-a radius of one mile was uneconomdc‘in;

terms of their personnel and transport. The maximum distance a far-

mer. should have to transport h1s tea is row laid down to be three

miles. This reorganization was achleved not by closing buying cen~

tres but by delaying daily visits until a particular buying éentre
£

had regular deliveries of 6, 000 pounds of leaf per day. This means

v let the time of the-survey this procedure was being uséd in
Kiambu but a more time—consuming "bus stop" method (where the buying
clerks remained with the truck) was the .practice in Kericho and Kisii.

1.3A1mc:‘st 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 splte of the fact that the trucks have four-~
wheel drive and low ratio gears. When a truck does become stuck the
buylngﬁclerks "have to ensure that the green leaf-is 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
pdles 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 1eaf can be extended by a

" few hours beyond the optlmal 51x—hoursr;~ e

3
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that 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 dlstant centres on.the other days.
$

Green leaf is;a bulky crop to transport for it must.m not be e ——

.

erushed. Generally a head—load in a w1ckerwork basket is about 25

to 30 pounds, although where blcycles can be used two baskets Welghlng

-

a total of 50 to 60 pounds may be carr1ed.14 The survey farmers

-

spent an average of one to two hours per person per dellvery 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

w

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 plucklng at " "least an hour before the buylng— -

centre closed For many farmers the new collection schedules mean

x

that plucking must stop at least one and a half if not two hours

before closure ‘time. The KTDA is well aware that its present col- S .

lection schedules are far from ideal for many farmers but it can
find no suitable solution while buying centres are scattéred at
great distances (up to sixty miles) from the factories. Only as

production increases and more factories are built will it be:possible .

o

to improve the s{tuation.ls

14As a precautlon agalnst the crushrng of green leaf,. the s
estites do not permit pluckers to carry more than 12 pounds in '
theix plucklng baskets. These baskets are designed-with this
weight in mind "and are considerably smaller than the baskets used
by smallholders to transport leaf. , =

. 5 e . .

15Of the seventeen smallholder factory sites shééﬁ on 4fle =

.map in Chapter I only seven had been bu1lt on by 1970. e e e

1
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A typlcal farmer is g01ng to ceasé plucklng about mld—day.
f
Thrs allows a hired worker to pluck for a maximum of .about five

hours in the day (from 7 a.n. to 12 noon) . The'range is between

three and a half and five and a half‘hours in a day - depeﬁdingion

the ‘distance of the farm from the buying centre and the distance of
. C .

the buying centre from the factory.l6 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 mornming, cook breakfast and prepare

children for schéol, as well as complete other household chores, will

+

find it difflculc to starr plucking much before 8‘a1m.

A four to five hour plucklng day mlght be ideal for family
and part time hired workers Also it mlghtSUIt farmers employlng full—
tlme workers when they have suff1c1ent other farm work for' the ‘labour -

o

to do. But, as more and more smallholders start growing tea or

: , : o . "
_expand their existing acreages, the exogenous constraint on the length

of the plucking tlme is 11kely ‘to lmpose an indirect labour constraint
at the farm level. '

On the tea estates, pluckers are assured of an elght hour B ‘
worklng day because the 1arge gardens and the close prox1m1ty of the
factory allows many collectlons of the green leaf. The current estate

17

plece—work wage raté is 10 cents per pound of 1eaf; At an average

1

- ’ — » » - " A I3 .
16Fdr reasons of equity this latter- point is.less important
than it could be because no buying céntre - even if it is right next

:hto the factory - is allowed to -remain open for leaf purchase after
"3 p.ih. - . o

= Mgstate 1abour’ “is, hoVever, required to pluck ‘at 1east 40
pounds a day in order to qualify for the wonthly wage of 90 shillings
(about $13 U.S.). Most pluckers qualify for much more tham this
minimum; and ‘are- pard"accord1ng1yﬁ S e e e

- .

“
'
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plucking rate»of:six pounds an hour .this would éiye a daily cash
wage of 4/80 shillings. This is consideraﬁly more than the legal

minimum wage of 2795 shillings' per dey for egricultural labour;

Making-the o;riﬁisti& assumption' that smallholders rluck_
five.pourds an hour for five hours a day, and that tgey pay their.
.A_hiredAﬁorkers'et the sdme rate of 10 cents per ﬁound -these workers |

" could make 2/50 per &é;?' In a six day working wedk gWhlch ;the KIDA-
'collectlon schedules allow) a plucker could earn a cash wage of

15 shillings per‘week or 60 shillings per ménth. This figure equals

1
.the present opportunlty cost of h1red 1abour 1n the rural areas 8
- iy 2
™ ,but 1f the more reallstlc sizes of’ the parameters given earller

(four pounds an hour.for four hours arday for four days a week) are

q«"\:

used the dally wage is omnly 1/60 shllllngs and the monthly wage but
25/60. Clearly, in these c1rcumstances, the labour must either be
employed part-time or be given ether farm work. lhere is still

scope ‘on both_these scores since, unlike most estates, thevemall—
hJ?%Z;s do employ’aomen pluckers for whom a short plucklﬁg day-is,
particularly cenvenient;l9 By 1976 it would appear that theAﬁeximum
demand by smallholqer Eea growers for ﬁart—time‘hired labour would
amounr to about:ten gei cent pf-rhe available labour force in the tea-

s ; i . = {
- 18A wage of sixty shillings for full-time hired labour. 1n é
the smallholder sector’ may be preferred to the higher. estate wages
because of the more congenlal (less authorltarlan) working cbnditions

and the usual provision of a small sub31stence garden.

L 191n Kerlcho Digtrict (Buret and Konoin D1v131ons) the
,”employment of full-time male workers (usually of the Jaluo-tribe)-is

* the~common practice. Thlg'ﬁértly explains. the-low (less than 10 per

cent) proportlon of female hired labout. --In Kisii Disfrict the.

practice is to employ people from Kisii itself thus giving more scope

£

to the h1r1ng 6f women. 'In Kitutu about Half of the plucking*done e
“ by hlred workers was done by women (see Table 29). S )

N

S
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P

growing-areas.zp This rgéuirement does mot 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

.

-»shoﬁld allow the KTDA to introduce a more flexible~colleé£ioﬁ o

~schedule with more than one pick-up pé} day. This in turn would ~—~ 7

BN

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..

RN

20

By 1976 60,000 acres of tea

should be yielding about

60 million pounds of made tea - or 270 millior 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 100,800 persdns., If one-
third of the plucking is done by part-timé hired labour then 33,000
such workers would be required. <Using the 1962 census figures for
_the populatlons of the twelve tea Districts, ‘and allowing for a 3 per

cent rate: of population growth their total population will be aboutﬁ

4 million., ‘With the -présent rapid growth of\populat1on half thls
number would be too young for plucklng. If,.in addition, only a’

quarter of this populatlon is actually in, or in easy reach of, tesg- S

_gfowing areas within each District,
"drawn £rqm a potential labour force
made for the actual tea farmers and

LS

‘then the 33,000 workers would be
of 350, 000 = due allowance being
their w1ves.

&

v

2
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- CHAPTER VIIL
SUMMARY AND CONCLUSIONS

¢

The smallholder sector of the Kenya ted 1ndustry is in the
(Y -

midst of a very rapid expan51on programme. Startlng with barely two

_thousand acres in 1960, the sector hasxexpanded'to about thirty

thousand acres in 1970. It is planned that thls flgure should be '
ralsed to sixty thousand by 1975 by ‘whith date half the natlonal tea

SN

acrgage will be .in the hands of Afrlcan farmers. The expan51on of

the sector has occurred because of the removal of the legal and tech-

n1ca1 constralnts that formerly prevented the smallscale. farmer from

¥ ..

) partlclpatlng in the grow1ng of a crop that flourished on the large

»

. estates. The removak of these constralnts has been a maJor functlon e

N

Of‘a public b1—1ateral monopoly;ﬂ;ke Kenya Tea Development Authority

(KTDA) .

- . o

Thus, the developments of the last ten years have been
g 'k e
symptomatic of an adjustment to a situation of dlsequlllbrlum., It_;s
-l

not that tea prices have suddenly become more favourable. If anything,

.

the relative price of tea has fallen over the perlod in harmony with

the excess supply situation that has been developlng on the world tea o

cmatkets. Theﬂcllmag_tp these events has been the signing of a new

a - '

"'Intetnationaf Tea Agteeﬁent in 1970. Under this agreement, Kenya has

an export quota of 76 millign pounds bf made tea. This would—abpear

to compare favourably wzth the record export 1n 1969 of 72. 6 m11110n .

wn
pounds. However, ‘even w1thout the addltlonal plantlngs planned for
—_ F '
the next f1ve years Kenya s output of tea w111 expand rapldly as the
-
bushes, plaiited in ever-increasing dumbers 6ve; the last ten years, L

. 3 N s
=168~ & :
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reach'maturity; In these circumstances, knowledge of the rate of
R T e < t

maturatlon of the tea plant becomes 1mportant if predlctlons of out-

&

S .put are to‘be made. Besides their 1mportance with;;espect to~Kenya's

H I'4 : .
N obllgatlons ‘under the Tea Agreement, these predlctlons are needed for

the optlmal pha31ng of factory constructlon, the pngylslon of trans—

.port and the calculation of international debt repayment schedulesm

The -major burden of this study has been the specification and

2htimation 8f a multi-period production function for smallholder tea

in Kenya (Chapters II and III). The most important subset of vari-
. . . 1]
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 thls was the derivation, from the functlon, of tea yleld coeff-

R SWEE —
1c1ents fors bushes of differing ages. These coeff1c1ents were then

'~1usedhgs a basis for ex Eost predlctlons“of output for a separate

. sample'of.faiﬁs. . The predictions were then compared with those

)

.obtained by the KTDA. In‘all cases the statistically derived jield

coefficients gave much more accurate predictions of output.
’However, the«éoeff1c1ents obtalned in this study (and 1ndeed

any that could be obtained for plantlng data up to 1967 and output

data to 1969) cannot be assumed to remain constant for thé future.
&

& i

Two - sPec1flc changes in technology are taklng place. 1In the: first

lnstanée,-new plantlng materlal is now_ vegetatlvely propagated (vp)

.

Wand, belng ‘based on specially selected,ctones, promises to prov1de
-substantiaIly higher iields. Secondly, the KTDA is now actively

L. promotlng the use of fertilizer. The production function developea

in this study can be modified to.handie both’these clianges. typ"

i ’ . y N ) '- ‘
~plants can be introduced 'as a new set of var1§b§e§; Thus we have:

- & N
. “ . . <

B S
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9 10 o
. L gEPE, + I B P, + u, (VIII - I)
ol k=3 k Vklt \ k=3 k kit it :

»

— A .

The only change from the equations centained in the body of the study

. is the introduction of the asterisked terms:

B

%
Pkit

is the "ratio coefficient” showing the contribution
to ' the overall yield (Y, ) of the proportion of the
total stock of bushes that are vegetatively propa-

. gated andjare k years of age (K= 3,.., 9).

is the proportlon of, the total stock of tea bushes1
that are VP and are k years of age (K 3,000, 9)
on farm i in year t.

The produetion function, both‘hepe and in'previous chapters,

e’

1nc1udes ‘the

use of dummy farm variables which are used to estimate

the farm Qnanageden@ effect-*oefflc1entsk’801 . These variables ‘were

~
&

included both as a precautlon‘agalnst management bias and as a check

on the technicaltefficiency of farmers. .By 1966 there was little

¥

evidence that better farmers had,actually planted larger acreages of

tea but by -1969 a dlear pattern along these llnes had emerged. Thus

“‘there was an-

1nd1cat10n - which needs further - lnvestlgatlon = that

highegmyields,pf 1arger tea farms are due to the skills of these

farmers and not to economies of scale.

1

maturity one

VP bushes start yielding ome year earlier. and achieve

year before bushes grown from seed. For the ninth

year and beyond all bushes; because they are mature, will be in

onie category.

“Alternatively there could be three categorles of .

mature bushes, one category for-each of the three years im a’
" pruning cycle. Pgl ‘is omitted to av01d a 51ngu1ar moment’matrlx.

eTE P
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-as,

-

2 - J/;; '—1—7,~L-;~f;.~f _ o e

" In the present s$ituation of d;sequlllbrlum, there is 11tt1e

purpose in }nvestlgatlng the allocatlve efflclency_Oﬁ the farmers.

' Technigal efficiency is, however; importéﬂt - as the KiDA's own’

. s

- attempts tp'measure it show. We concluded ‘that, whlle there were

dlfferences in technical eff1c1ency between areas, these dlfferences
dld not follow the clear pattern establlshed by the KTDA’s measure

whereby 10war~y1e1d1ng areas were considered to be 1ess eff1c1ent.

‘Our results suggested that the KIDA's system of grading Tarmers has
a puilt-in ecological bias.
Because of the essential linearity of the production pEocess,

the management effect could not be convenlently introduced so as to
A .

'have a multlpllcat1ve effect on yields (though this is p0551b1e using

§ , e -

an iterative procedure). Although it is also not{entlrely'satls—

'

~ ‘factory, the actual'procedure adopted could now be used to check on

the effectiveness of the application of hitrogen fertilizer compounds.
These have been imported in increasing quantitieg during the last two -

'years by the tea estates and are .now being more actively promoted by.

“the KTDA.2 Equation (VIII - 1) can be rewritten so as to include a

fertilizer variable:

~ .
‘Y, = B, +YF, *P* ¥ u. . -
Ylt Bo:L YFLE T.EBAPk * ZBkPk:Lt: ult (VIIF 2)
where fit» is the number of pounds of fertlllzer applied by
farm i id year t. ;
Y is the marginal contrlbutlon to yield of a pound
B of: fertlllzer (BY ) !
2Imports af " fErtlllzer compournids “used “extlusively:on- steas ot e -

(these are 25-5-5, "25-10-10 and 20~10-10, 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 1969/70 3,289 m.t. Only
about .1,100 m.t. were used by the KIDA in 1969. - -

" .
P .
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Slnc;' é = Qit‘ ;‘  ! (VIIi - 3)
itﬁ'( 9 . 10 ° -
. k=2 kit k=3x#1t ‘ _— R
, «r
Y

wheré Vkit is the number of VP tea bushes of age k on farm i
: . _in year t.

theﬁ equation (VIII - 2) .can bé’rewritten”by dividing through the
right hand side‘by the denominator of (QIII - 3). RecognlSlng that
the fertlllzer is only applied to teasbushes of flve years age and
older, and collecting the terms, we get: «
4, ‘ 9 - :
S T T kf3 (‘f&i ¥ Bi§> Vkie * k£5<58i +.B§+YFit:>vkit

o 3(" * 8 >xk1t <oi B YFit)*kit’* ®it

- (VIII - &)

- By taking the average farm effect and by reﬁdefining our terms
in the manner-deme in Chapter III, (VIII - 4) canibe simplified}fof'
ﬁrediction‘purposes to: -

. 9 _ - 10 : 9
Q = ¢ BV, + I B8 + YF 1.2 (¥ + ) + X~ }
A T T & Ve T B o

” -

- ) T L o ' . v ;_. R
T e i _ (I~ 5) 7

wﬁere Q. 1is the total output for the partlcular tea grow1ng area
in year t .

o Ca . oy
Bk and B, are- the natural’ yields of VP éhd-seedling bushes

of age k. B, = Bk) and Bk + Bé);'
> R . .- i '
g‘ . o ' . . . \~\-’\, )

o =



' duction‘function was‘cdf%ect. However,'smallholder farmers hlre

, o -173- .

- The last term (1gnor1ng the error term) glves the contrlbutlon to
total output gained by the appllcatlon of fertxllzer to bushes (both

VP and-seedling) which are ilve years of age and older. )

Fertlllzer is seen in these equatlons ‘to have an addltlve °

effect on yields. Thus, in addition to the "natural" YLeld of a
bush (or an acre of such bushes), there - is the output attrlbutable
to the appllcatlon of fertilizer. It would be more desirable to
have fertilizer enter ihto an eqﬁetion in both a tutvalinearvahd a
multiplicative manner. The first probleéem is simply solved by inclu-

.

The second problem can only be solved once the natural yield para—.

meters for an area have been established. Then the“necessary weights

Q«?\
would be available for the calculatlon of a mature bush (or dcré, .

hectare,etc) equivalent". This could then.enter'as_one of the argu=~

ments — along with fertlllzer = in a Cobb-Douglas or CES production

functlon. - T
- The equatiohs presented in the early chapters and ‘in the
conclusions omit labour as- an explanatory~veriable except in so far

° 13 ' . 5 .. .
as it is implicitly included in the management varlable. Tea is
-

lndeed a labour 1nLenslve crop but, it was argued (in Chapter VIIL

the labour'lnput 1s 301nt1y determined by output and the other
inputs. Durlng the perlod analysed in- thlS study labour was not

RS

.considered a binding constralnt S0 that 1ts exclusion from theapro—

" much more 1abour than was env1saged by the KIDA and it-is p0551b1e

3G:Lven the very low 1evels of fertlllzer currently used- by
the smallkolder fafmers it is.highly. unllkely that addltlonal terms

y

. would -be ‘significant. - X : v

A

_“ o i i ?ﬁ

ding higher order terms for fertilizer inputs in equation (VIII ~ 2)? .
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theﬁ the collection schedules of the Authority, by 11m1t1ng the
Léngth of a "plucking day' to about five hours, may 1nd1rect1y cause
labour to become arbinding'constraint in the future - particularly

. Lo "if the labour/tea price ratio should increase significantlyl
’ The technlques developed in this. §tudy for the estlmatlon of

PR -

_the yleld parameters of peremnial crops have general validity in

2 ]
cases vhere labour is not a binding consfraint. An assumptlon‘along
o i .

these lines is probably realistic for most of the perennial crops
produced in the tropics and, since the data demands are not excessive,

S it‘should now be possible to estimate more accurately the yield per-

«

formance of such’ crops under a w1de range of f1e1d ‘conditions. This

is clearly of interest not only to the agrlcultural botanlst but
o «#1 - ) .
also to the economist concerned W1th the optlmum allocatlon of .

‘resources. The economist is also interested in knowing the pana—n

.- »&.‘ R Heters of cheilag between investment decisions and theAreeulting ouc—
put. By knowing the 1ife ‘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 populatlon is estlmated to be gzowlng at over
three'per cent_per annum. Given that nlnety per ce it of the popu-

lation, 11ve 1n the rural. areas and that the urban populatlon is

e gl -

e grow1ng at six per-cent per annum, the vast majority of the 1ncrease
. in:the total populatlon w111 have to be absorbed in the roral areas.

The\problems created by this situation become particulafly acute in

. 23
| 7 “situatibns where land is scarce and expectatlons are rlslng rapldly.
""" LT e~ The Kenya Conference on- Educatlon, Employment and Rural Development
- PRI - SH -
- Qi) found no easy solutldns,.but amang its agrieultuyal,recommendations

. : N -

%




-175-

\ it pointed out thé need to concentrate on labour-intensive techno-

4

logy and to rely on the profit thlVE of faféers. Tea is labonr—

t' 1nten51ve in an almost unlque manner among agrlcultural crops. it

‘

1s harvested throughout the year, prov1d1ngaregular, rather than

‘seasonal, employment for the farmers, their hired labour? ‘the wage
labour of the factories, and the aasogiated transport network - a1l’
LR R L . .- "
of'whom'afe, necessarily, located in the rural areas. In this

Q -
respect alome the crop is of}tremendoua siénificance to Kenya.. yThe

[P

solut1on of many of the technlcal -difficulties inherent in tea as a
smallholder erop (7) has resulted in an 1mportant redistribution of
incomes w1th1n the country. This redlstrlbutlon has occurred in the
most constructive manner p0551b12‘§1nce ﬁew productlve.capac1ty has,
been created in many_areas of:theAcountry. Whlle it is also clear
that the potential in terms of avallable land has hardly been
touched (2), the possibility of tea rema1n1ng a profltatle crop and

~

hence of tea exports acting as a c1a531c ‘engine of growth" for the
o- -

" rural’ areas appears to be severely limited by a weak 1nternat10nal ‘

market.

Tea in general has low prlce and -income e1ast1c1t1es of
demand (3, RZ 217) ‘However, the world market is mot for a snlgle -
undlfferentlated productal Quality is a significant factor and in

Lw
: recentxyears Kenya teas have 1mproved their relative. p051t10n

S - -P_G‘;?'*— .

.o As the FAO commodlty review makes clear, the income elas-
t1c1ty of demand for tea in the less developed countries.is sub-
tlally hlgher than in :the developed countr1es 5, p- 23)

’

| ‘ ) R . :\f\b‘: “
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vis-3-vis Ceylonesé and Indian teas: Having bﬁt a small share 6f '
“the world market, the high quality teas beingvbroduced in Kenya
would seem aséured of a,ieaéonable future. However, Kenya is not
aloﬂe in rea?ising"the attractiéns of tea as a smallﬁolder crdp when

.

it is effectively organized. In addition to the expan51on programmes'

1

1n all the East Afrigan countries, the giants of the industry - Indla o

“and Ceylon - are also.@nx1ous to expand the level bf their tea

¢

. . e, & .
exports since the crop is a major source of foreign exchange (gsand 2).

" The future policies ‘of India are likely to -be crucial for the dévelop-

"“ment of the industry in East Africa (3). India is by far:the_largest
tea broducer but nearly Half he; current profuction is cons&ged
domesticéll;. if India alloqs domestic consumption to continue to
incrégse; graduaily reducing gﬁé'share, a:h absolét; amount , of her

;cr;é going for export —as did Pakistan before her - then the build-kT

up of the smallholder tea industry in Kenya may turn out to be one of
the most significant agricultural development schemes in Africa since

o

the-Second World War. ) o -

-~ Thus there has been a steady upward trend in relative prices.
“emExpressing the price per pound wealised in London by Kenya teas as a -

percentage of the prices realised by Ceylon and North East Indian teas,-

-. the f0110w1ng figures are representative of the tremdr
2 . . .

Year o “ g of Ceylon price ‘ )

190 . 854 ... ... . 8645
.1965+< - 9644 . 5 - . 94.3

1969 -7 10000 - T U 106.7

Squrée: (53 p+25)

Z- of N.E. India price -

-
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(3)

4)

(5)

‘health and productivity of the bush. Tipping in-at less

‘‘‘‘‘ - o R RS Sa RN -
. . APPENDIX T o i
KENYA TEA DEVELOPMENT AUTHORITY INSTRUCTIONS. ON ;
TIPPING AND PLUCKING - -~ . = &,
» ;
' TIPPING - : o - .

After pruning, the bushes grow undisturbéed for dbout 12
weeks and are then tlpped in' to form a flat top or ‘
plucking table: * to start with, the height of the table
should be 8 inches above the 1eve1 of the prune, or 20
inches above ground, whichever is the .greater.

The reason for tlpplng in 8 inches above the prune ‘is to
ensure sufficient 'maintenance'. leaf bétweed thé main
frame and plucking table, which is essential for the R

than 8" is a common fault on many smallholder gardens ) e
and* is a probable cause of low yields after the first :
year of the cycle.

&€ 0 A : .
Before tipping, the new branches are allowed to grow two : .
leaves and a bud (i.e. about 2" -3") above the required ’
height of the table so that the first plucking brings ) -
the level down to the correct height. After removal of e :

the tip, remaining lengths of “stem which have grown too
tall are bro&en back to the right helght. All necessary
breaking back is done ‘at the same time as the tlpplng,
not later, -

The leaves and stems discarded from breaking, back’
represent a waste of growth and the amount thrown away
should be kept to a minimum by tlpplng in during several
plucklng rounds. :

o .
The plucklng table should be formed parallel to the ) . .
slope of the ground. To achieve this, two forked sgticks R

are cut at the" requxred height and placed upright in the = .7~
centre. of two bushes im adjoining rows.. A stick ‘placed -

in the forks, up and down the slope, shows the- correct

Thelght and angle of slope (see, diagram). - T;pprng 1in.

should ‘always be doneswith the, aid of two measurlng - N .

stlcks, never by eye. A single T shaped measurlng stick

table, The use of single measuring sticks J
in undesirable ‘stepped’ growth on steep -lopes 1n”\
K.T.D. A gardens. o

L
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g 2. PLUCKING

® (1) 1In 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
- ‘yery small rudlmenta;y 'scale' 1eaves, oval -in" shape and -
not serrated: sometimes called the . Janam { birth leaf -
'tAssamese) These are occasionally, but not always, followed
by a mal- fbrmed leaf, partially serrated.and rather rounded:
sometimes‘called the 'fish' leaf or 'gol-pat” ( round leaf -
" Assamese) - see dlagram below. These rudimentary leaves™ are
followed by the true serrated leaves which may number about -
; o | five, sometimes more and sometimes less. At the end of any’
active growth period the shoot enters, another restlng“phase,
®hown 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’ banjhl shoots indicates a
restxng period which may sometimes, but not always, be the
result’ ‘of over-plucking or other bad management. ~

Birth Leaf

.(2) The K.T.D.A. requires 'flne plucklng in which only two true -
e ﬂm(senrated) leaves and a bud_are taken, as.distinect from
T ' 'coarse plucking' in which three leaves and a bud are harvest-
B : ed. Fine plucking is essential for the making of hlgh quality
: " tea. A slightly opened bud, in whlch a thixd leaf is just
starting to unfold, is acceptable at’ the buying centres, but -
banjhl shoots and shoots w1th three leaves and a bud should
o be reJ ected. : . <o
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4

" (4)

[

hivi;;Lﬂg)j'Qver—Plucklng, or hard plucking for too long -

= 1

It is sometimes argued that fine plucklng gives a lower

yield than coarse plucklng, but there is no conclusive
evidence -to suppoxt this in Kenya at the time of writing.

The following rules mﬁst be carefully observed: -

(a) - Except when lt is wanted ‘to ralse the helght of the—-
<« bush, 'hard plucking' should 'be practiiced in which

.all shoots are taken off"’ down to’ the level of the _, |

--table.

(b) Plucking should never in agy circumstances be below
.~ the level of the table.- "

(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.

(d) ' Hard plucking should bé continued until the bush
begins to show signs of 'crowfeet', i.e. the
appearance of Tumerous twiggy stems near the
surface of the table - and a falling off in yleld.
As soon as these symptoms of over-plucklng start
to show, the Hulhes’ must “be rested and the top
-canopy of maintenance leaf renewed by raising the
level of the table, as destribed in paragraph

* (3) (b) below.

Much crop, - and consequently profit, is lost in K.T.D.A.-

gardens through inefficient management. Common faults

are:~ *® i

(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 nitrogen application
-when growth is fast. —

(b) Careless plucking, in. which shoots are overlooked
and left, on the bush.

without a rest; leading to crowsfeet, denuded
tables, and low yields.

-~ - . A
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(6)-

@))]

9.

(5)

crop. .

‘

The poor condxbion of the plucklng table, resu1t1ng from

these faults, is corrected as follows‘— .

(a) Unevemnness. -Avoid severe breaking back to re—form

- a table once it has been lost through under-pluck1ng

or carelessness. There. may be some breaking back of
the tallest stems but, apart froof minor adjustments,
the table should be left as it is until the next
prune. On no. account should heavy breakifizg 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
leaves 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’' . s )

Plucking tables must be as level as péssible at all times..
Unevenness results in loss of Jcxop because shoots produced
in the_hollows tend“i0 be missed. A level table can best
be malntalned by placing a straight stick across.the tops,
of the, bushes when plucking; and this is espec1a11y useful

as-a gulde to helght if any breaking. back is necessary.-

As a rough guide the plucklng round should be about 5=-7

- days during the flush season, decreasing to 10- diy< or
;longer at other times.

(8"

Side shoots should ﬁever be }eQSVed. THe aim is dlways
to ‘encourage maximum.spread of the bush. If side plucking
occurs, lateral growth is retarded, and.yields reduced:

During a three year cycle the level of the table should '
rise by about 1 foot, or 4 inches 4 yeéar, under hard
plucklng,allow1ng for occasionally plucking over a leaf.”
Any- greater rise 1nd1cates under-plucking and loss of

Pl

4B;eakiﬂg‘£aek; wﬁéﬁfﬁeeé§saiixfBE"ﬁaiﬁtaining*the-fable;4

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 mgst should require
breaking back on each bush. The need for more than this

-indicates carelessness during the prev1ous round.




(11) After hail, frost, or other severe set-backs, raise the

(12)

table by about 2" to renew the maintenmance leaf, as

described,in paragraph (5) (b) abo%e. . : e o

'Skiffing', or shallow slashlng of top growth should

"~ never be practiced. This is sometimes done to reduce

"W

@

(3)

(4)

.by ptolonged dormancy and reduced yields

the height of plucking tables or .to level off unevenness.
Skiffing usually results in a flush 6f new leaf followed .

GENERAL

- +
When outside labour is employed, payment is best made
according to the weight of leaf plucked - not on a monthly
basis. Current rates vary 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
pluckgd over the minimum. An experienced worker shéuld
be able to pluck about 1/5th acre daily during the flush
season, bringing in about 50 ~ 70 pounds of leaf and
spending approximately } - ? minute on each bush.
Proper plucking basketi=should be used, carried on the
back. A bag carried in one hand slows down the work and
is ineffi&ient, furthermore, since the bag is usually-
dragged on the .ground, it may result in brulslng of. the
1eaf and loss of quality.

Green leaf should never be pressed down hard“iﬂﬁthe basket,
otherwise it starts to ferment and turns red. Red leaf

- makes poor ted and is refused at buying centres. Leaf

midst be kept cool and shaded while awaiting tramsport. -
Flnally, it must be stressed that efficient plucklng, on
which the whole enterprise depends, can only be achieved
by constant watch over the- grow1ng crop, followed by
careful superv151on of labour.

e, e
Tt e _mw&WﬁAWMiW~._ : - -
Nairobi: : . I .
‘23rd -December, 1964 :
(=N
B —
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MODELS WITH ADDITIVE FARM EFFECTS

Among the alternative models dlSCUSSed in Chapter III were
those with output as the dependent variable and actual plantings as

_the independent varlables, together with dummy variables for farm

and year effects.

11, were‘rejectéd because of ;the additive manner' in which the manage-

. - . . N
ment variables entered the production function and because of the

‘probable heterosc

ares:.
: Model I ~ =
‘Qit = Boi
- Model II
2 Q,i.t‘ = Boi

where Q;. is

Keie 18
in
B s
k (k =
- T T R
?oi 18
BOOt 18

@

APPENDIX II

AND YEAR EFFECTS

s

The two models, which we called Model I and-Model

edastic distribution of theerror term. The models:

v+ 5 gk te
‘oot k=3 kWK1t | _1t

7
+ LB . F
k=3 kxklt

e, .
it
2

the output of pounds of green leaf on farm i
year t (1 =1 to N)

e

the number of tea stumps O age k on-farm i
year t (t = 1961/62 to 1965/66)

-the yleld coefficient of sﬁﬂmps of age k years

3 to 7)

the farm effect coefflcient o farm i

-the year effect coefficient for yédr t.

. -183~ . o
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- In splte of the unsatlsfactory nature of the speclflcateon

_ of these functions, the results obtalned from the estlmatlon of the

yxeld coeff1c1ents (B ) showed that even these models gave predlctlve
results superlor’to those obtained by the KIDA. This Appendlx gives

the values of ‘the estimated coeff1c1ents in Tables A-1l "and A—Z for
- . . Y .
the models relevant to each angg.l =
-4
L & »
Model I, which 1ncludes the year effect var1ab1e% was only

slgnificant in Buret and Kltutu. Only four of the f1ve years have .
coefficients since the fifth (dumy) year varlable was omltted to
avoid a 51ngular matrix of the input variablés (and hence a 51ngu1ar
‘moment ﬁatrixj Ranking the year effects of the four relevant years

in Table A=2 “and Table 11 (1n Chapter 1V) shows .that the ranklngs

,
R 4
< A T

derlved from Models I and III a‘“*not the same. With only Eour .

\

,observatlons it is not possible to come to more meaningful conc1u51ons

v

other than to note two things: first, that the renklngs of the year
\ - S effects in Model III conform more closely to the-rankingﬁﬁf rainfall

. than do the ranklngs dermed from Model T. Secondly, 1963/64 conti-

B

nued to’'be the worst year -, probably for the reasons advanced in the
R
Lext. Given the lack of significance of the 1naiv1dualtcoeff1crents,

for Biret and tgglunsatisfaotory rankings, the results for Model II
are also glven for these two areas in Table A-3. For ease of com~

_Vparlson, the yleld coeff1c1ents of Model II are presented in Table A-4 =

For all samples the F-test ror“the 1nclus1on’of the farm B
effect variables was sigpificant at the one per c8nt level. The s
.statistical test (the Chow test) for pooling .sample dreas.gave the
same conclusions as before. That is, the samples from within a -
Division could be assumed to have come from the same populatlon.
Only the resultant pooled samples are ﬁ%esented here.- L

S {;&& c T . - -
i . . . - , .
. i’ * + B .

" N . . T e
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‘ Tablé‘A—l = Tea Yield Coefficients of Mcodel II for -Samples

from Githunguri, Gatundu and Nyamira Divisioms

7
- ' . . Administrative Division
Item Coefficient .7 Githunguti Catundg_ Nyamira
.Year of . . . .V
Maturity - ’ Yield Coefficients
3 B, -0.0086" 0.2637 . 0.5557
-(0.0565) (0.0574) (0.2103)
g e B 0.2361 0.5576 0.8810...
. (0.0511)" - (0.0493) - (0.2043)
5 LB 0.5411 . 0.6538 .+ _0.7429
' Pt {n.0513) .. (0.0506) - (0.1955)
" 6 B, 0.5349 - “i 0.7334 1.0887
- : (0.0498) _ 0.0560) 0.1874)
7 B, . .1,2067 1.0162 _ . 1.5878
way R (0.0549) : (0.0666) . (0.1798)
i o o » " Other information
rR2 .867 " .837 .589
Number of: o . .
Farms . A - 49 - 62 3
‘Observations e 182 - 261 . 133 .
o Staﬂﬁa;d,Errors are given in pgrentheses. - ‘ —
é Not significant.‘. ‘ =
ST : S -
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Table A~2 - 'Test Yield Coefficients of Model
from Buret and Kitutu Divisions

e =186~ ..

L

1 fér Samples

3

[ PR . . o
S, ‘ . Administrative Division
‘Item Coefficient _Buret Kituty
Year of. N
‘Maturity' Yie{d Coefficients
37 8y °0.3733 10046136
var {0.1811) (0.2115)
4 B, ' 0.6872 1.1178 -
' (0.1610) (0.2183) -
5 By 1.2686 1.5041
(0.2143) (0.2747)
"6 . Bg’ 1.7055 . 2.2681
(0.2576) (0.3047)
7 B, 2.0662 ) 1.7535
- (0.2866) . (0.4162)
) Annual Year .. Annual Year
Year - Rainfall iLiSects - ‘Rainfall Effects
5 (Litein) , (Risii Town)v
. - HIM . . M. .

. . a _ ey
1961/2 Boo1 2,011 460.15 2,227 ~1151.89
. S + (599.38) (614.28)
1962/3 ’ Boo2 1,801 " 524,352 2,609 -773.92°
L . (461.48) . (432.91)

* 1963/4* Bo3 1,726 . -361.77% ~ 1,969 -1398.78
3 (323¢79) - (283.46)
1964/5 B ok 1,178 21.46% 1,545 -890.41
C i o (213.84) (191.98)
_ Long Term Average : '
Rainfall 1,648 1,801 -
7 Other Information
2 " — “ 5
R™. - .865 - .899
0o .

Standard Errors are given in paréntheses.

8 Not.significant. - b Significant at the five per cent™level. '

p—
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Table A-3 " Tea Yield® ‘Coefficients of Model II for Samples
L : - from Buret and Kitutu:Divisions
= ' #" C- ~.. . Administrative Division
e & Item & o Coeff_i'cirent:""“ : Buret " TTTURiEutd T
. i i .
- .
- Year of
N Maturity . - ' Yield Coefficients
3 B, 0.3390 0.4178 ,
' R ) (0.1915) " (0.2257)
. b B, 0.6657 1.1378
* (0.1267) (0.1655) -
5, ~_B5 ’ 0.9862 1.5841
N - m— . . (0.1506) (0.1905) L
. 3 - . P
R A T 1.6720 "2.4810
. N 6 ~ (0.1706) (0.2226)
~ 7 : 8 1.9667 2.5071
) S : 7 . (0.2170) (0.3057) "
Other Information '
v R . 0:838 0.851 -
.Number of:
Farms 33 .38
< Observations . « o117 . -~ 140
_Standard Errors are’ given in parentheses.
‘ 4
- e - - ' N
- o ) P T
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Table A4 - Tea Yield Coefficients of Models IT and IV
and. of -the KTDA Yield Rating, By Divisions Lo
~ ’ - - ‘A" & . ’ N - EY
- . &
. . " “¥ield Coefficients
Division " Model . ' o .
. . e e .
: =N B Bs B TPy
3 N
i (Pounds of green- leaf per bush per year)
: 11 .0086 .2361  , .5411 5349  1.2067
Githunguri IV " .0803 .2938 . .4890 .6383 . 1.1024
KTIDA .1201 .3228 7 4.5165 .6456 7147
I1 .2637 .5576 .6538< - .7334  1.0162
Gatundu v .1452 4219 L5725~ .8630  1.0817
. -KTDA .1291 .3228 " .5165 6456 L7747
: o ’
, ‘I1 .3390 ,6657 . 9862 1.6740 . 1:9667
. ‘Buret S 4 +5001 - #7826 19283 .1.4374  2.0176
: KTDA .3875 L7750 ¢ 1.0850  1.3950  1.6275
11 .3437  1.0078  1.5441  2.0189  2.6712
- Kitutu IV .6211  1.4889  2.0081  2.7265  2.8391
KIDA .4650 +9300 - 1.3175 - 1.7050 = 1.9375
A I ,5557 +8810 .7429  1.0887  1.5878
Nyamira IV 4403+ 1.0100 L9424 - 1.1445  1.3791
KTDA .. 4650 .9300  1.3175  1.7050 - - 1.,9375
» & -
gl



together w1th those of Model v (Whlch was the main model used in-

the text) and the KTDA Mgodel™, - : - - o
A 7

fﬁnally, Table A-5 compares the weighted mean errofa of pre-

dietion for Models II and IV and the KTDA model for-the last»twa e

- 13

- years. Given' the completely 11near form of Model I it is not 1mm-

edlately clear how” t'he equatlon should be used for predlctlon., Is

a

ar” average 1ntercept used? Or should one use .the average tlmes the

- S
number of farmers in the area‘?2 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

— . e}

Table A-5 the intercept was ignored. We discover that not only are

- v o

the predictions of Model II vastly spperlor»to those of the KTDA,
' but that, on average, the predfﬁ%ions are‘béttef than those of'Mbdel

Iv. However, thls result is achleved malnly because of a substantlaln

improvement in the Gatundu predlctlon. It shows that, as far as
prediction is concerned, the choice of functlonal form is not cruicial.

However, the manner.din. which the farm effects enter Model IV clearly

-makes more sense in terms of the logic of the production‘grogeia.

3.

2Thus, should one predict using ") .
;\ e - . -- ) ' z 'B“ .
= : ’ _.: oi
Q = B, *IBX., where B8, STi__
- k . 7 N
T or L . : : ' e &
- at =,'ﬁ.8b o+ 8K where M is the. number of farmers. ’
. : : -k " whose output. ore- 1setry1nb to
’ predict? BN e . . .
4 o - . . ) -
S ~ t. ; ’
N }tkgf\/_ .
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N _Table A-5 .= Welghted Mean Efrors of Prediction &f Output
. st o for Models TI and IV and the KTDA Yield Rating,
o . By Divisions for the Perlod 1964/5 to 1965/66 N —
) 3
Division . . ™ 'Model II~ .  Model IV - KIDA
N “
. : 3
R P
" Githunguri - | 3.57 3.38 13.83 C e .
b - . Gatundu S w79 - T 90250 . .28,38
 Buret .. 5.58 2.29 6.74
. B . il
Kitutu : . 10,00 . . 8.38 '29.65
’ Nyamira =~ . S 8477 9.94 ~.20.75 . ’
. . .« -All Areas 6.08. - . 6.65 - 19.87. ’
- . % oo
T it
.
4
. s o
> . - A
| o ) L
| Ty > ‘ . o
‘ S b .
- . r
u | o _ .7
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. - - APPENDIX III

OUTPUT, PERNTINGS;AND PREDICTION RESULTS,

s .L; T e BY YEAR AND. SAMPLE AREA Y. .

. &
A : s : A

A great many variations on a common,theme were investigated in
- &

. : i
Chapter V. There is little Justlflcatlon for presenting the detalled

results for each of the varlants _used for prediction. The~summary

.results for these were given in Tables 12 and 13 of the text. The
following tables (Tables Arﬁ(a) to ArlO(d)) glve the actual plantlngs
and output figures for the farms not used in the stat1st1ca1 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 afso present the yield coefficients and prediction

- . III and IV, and Model VI. 1In the first two statistical Models the
e

yield coefflclents are used. for pred1ct1on and the actual farm and

.

year effects are ignored (see Appendlx 11). These Models are referred

" to if the following tables as "Addltlve" Models In Model=III the ;
5

s o0 et

yield coeff1c1ents are derived from the ratio coefficients plus sepa—

>, -

- rate group farm effects and separate year effect-s.1 Model IV uses the‘

’ e, " . . Y B ) oan
%verage of the_,__farm‘effects.2 In Model VI the coefficients were.'esti-
; : . . o ’
" mated without either farm or year effect varisbles.3 These latter

three Models are referred to-as "Multiplicative" Models: Pinally, thé
iplicative” ¥ Fi

‘rebults of the iterative model -~ Model V - are given for"Buret’ﬁiﬁi—
5 ..

sion.4 £11 predlctlons are rounded to the nearest 1nteger.

1.

. 1'l‘hls variant. is theoretlcally the most complete and 1s that
given in the first column of Tables 12 and 13 in Chapter V.

2’l‘h:Ls is glven 1n column 6 of Tables 12 and 13.
3 . N [y
See equation (V—lS). _ See equatlo 16)

% =191~

R : &y .
. tesults for the KTDA model, Models I and II, one variant each of Models.
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‘“ Table A~6(a)-, - Number of Tea Stumps Planted By Year,

R N

for G:.thungurl

" 1963 -

1959 | 1960- 1961 . 1962
69,854 45,462 . 56,572 835260 12,052
L4
'Table A-6(b) "~ Tea Yield Coefficients, Varl.ous Models, -
o for Githunguri ; o
,‘?:.:’ ' e g
' Yield Coef-ficignts _.
Model Years : N
By B Bs.. - B B
_ KIDA "All 0.1291 . 0.3228  0.5165 0.6456  0.7747
1 All .. 0.0057 0.2510  0.5877  0.5656  1.2077
. paa
I AIl - -0.0086  0.2361  0.5411  0.5349  1.2067
1 . - : . f
o 1961/62 - 0.1313 - .- - -
1962/63  0.0373  0.2857 .  ~- - -
111 1963/64 . 0.0349 ' 0.2605  0.4728 - - -
1964/65 0.0539  0.2800  0.4695 ~ 0.6218 ~ =
1965/66  0.1088  0.3409 © 0.5309  0.6504  1.0739
w A1l . 0.0803  0.2938. 0.4890° 0.6383 - 1,1024
VI Al - 0.0853-~ 0.2899  0.4702  0.6159

’

1.1210

- . - . e

%,
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Table A-7(a) -

Number of Tea Stumps Planted,: By Year,

for Gatundu

T e "' A _19.4_ B . L TIRPpU, ,.ﬁ. .- B s w5

1959 1960 1961 | 1962 1963
57,673 50,911 75,500 107,800 37,170
-Table Arf(b). - Tea Yield Coeff1c1qprs, Varlous Models, )
: for Gatundu
o Yield Coe%ficzents”
Model Years . 1 ’ .
. ) By B, s B - 8,
KTDA All Q1291  0.3228  0.5165. 0.6456  0.7747
1 a1l 0.3476°  0.5397 . 0.6043  0.6522  0.903%4
1T ALl 0.2673  0.5576  0.6538- 0.733%4  1.0162
19‘6'1-/6?.' . o 1219 - Z - -
. 1962/63  0.145  0.3816 - - -
11X _ i953/54 %0.1631, 0.4390  0.5265, - -
1964/65 ~ 0.1910  0.4446 - UIS7IE - 047982 -
1965/66 ~ 0.2265 ~0.4856 ; 0.5908 6.8566‘ " olo701
o au 0.1452 0.4219  0.5725 0. 8636 ‘10817
VI <ALl 0.1692%° 0.4271 o.‘54.37 0. 823\; 0. 9456

By
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* o Tabie A-8(a) ' - Number of Tea Stumps Planted, By Year,
) - for Buret
' ' © Fapys9 1960 1961 1962 1963
. 28,743 27,975 38,056 58,684 36,788
Table A-8(b) . Tea Yield Coeff1c1ents, Variou's Models,
- ; for Buret.. ] v
Co - Yield Coefficients
Models Year(s) <. - :
- By 8, - B B B
KIDA  AlL 0.3875  0.7750 ¢ 1.0850  1.3950  1.6275
I All 0.3733  Q.6872- 1,2686  1.7055  2.0662
el _ Iif All - 0.3390  0.6657  0.9862  1.6740  1.9667
1961/62 = 0.7703 - . - - - -
» 1962/63 0.5297  1.0316 - - -
. I 1963/64 | 0.2446  0.6322  1.0192 - -
1964/65  0.4116 ~ 0.8620  1.1347  1.5747 ~
. 1965/66  0.3650 - 0.7943  1.1198 . 1.4455  2.2108
W - A1l --0.5001  0.7826  0,9283 1.4374 - 2,0176 _
v . ATY*~ 0.5081  0.8070  1.0059° 1.4158 ~ 2.2347
v ’ 0.5240  0.6898  1.0858  1.5374  1.8464
7 P . SR S St .
; T . ' These Coefficients are '}:le';ivéd from the le;
- . & :
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i Actual - . o ) . . a
. Year - Output . Prediction Error”

- -

T 1bs. .- 1bs. -

T e

.- .1961/62 23,039 15,061 . -42016°
1962/63 - 47,526 34,485 -27.44-

| 1963/64 ' 64,303 - 70,447 . 9.56
1964/65 ° -~~~ 131,322 . 131,566 - - < on - 0,19+

T TN S e T

Nt .- : . i FoTw 5 =
BEY ’ . 1965/66.. 1200,545 197,158 -1.69
T w'eig.hted' Mean-Error =~ = 7 o0 1,19
* . ‘ . i
. See footnotes to Table A-8(c)
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. Table A-9(a) -

-199-

Number of Tea Stumps Planted By Year,
for K1tutu

1959 +1960 1961 1962 7. 1963 ...
20,400 35,650 30, 850 23,460 20,950

-

Table A-9(b) -

Tea Yield Coefflc:Lents, Various Models,

+

0.5904.

\1.8925 7

for Kitutu BT
S . Yield Coefficiemts .
Model Years R i
o , By - By Bs, B . —~ By
KTpA ALl 0.6650  0.9300  1.3175 - 1.7050 1.9375
I ALl . 0,613  1.1178 -1.5041  2.2681  1.7535
. an 0.4178  1.1379°  1.5842 © 2.4810 - 2.5071
R 1961/62 "0.7098 . - - -
o' .1962/63  0.68% - 1.5050 . - e - -
‘mr wesses o 2080 0.9973  1.4258 .- _ -
P -1961;/.65" 0.6687  1.3754  1.6708 2.2354 -
1965/66 1A'. 2601  1.9979  2.3108  2.7422 2.2695
- o ALl “0.6211 1,4889 ‘z.oo'a} : 2.7___2;75 2.8391,
Vi Al ) 1.5113

=

L

2.3893 . 2.77307
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Table A-lO(a) - Number of Tea Stumps Planted gy Year,

for Nyamira

1959

- 1960

1961

1962

1963

39,894

o
< 13,208

'1,100

22,176

5,500

&

e

Table A—to(b)4; Tea Yleld Coefflclents, ‘Various Models, 2
. .Y . " . for Nyamira - &7 3 ‘ :
o Yiéld Coefficients
Model - Years o o e
. By B, T By B 8,
V_KTDA All o;geso 0.9300 - 1.317§  1.7050  1.9375
1 ‘All 0.7409  1,1797  1.2648 1.5960  2.1423
“II A1l © 0.5557  0.8810  0.7429 1.0887 . 1.5876
iga;/az. 0.4852 | - - - -
1962763 ° “0.1642 1o - - -
II1 ;953/54 6ioboot 0.4619  0.8046 - =
. "1964/65 0.0923°  1.0990 . 1.5980 '1.0985 -
1965/66 0.0000  0.9589 , "1.4394 1.0962  1:3752
v A1l 0.4403  1.0100 - 0;9224 1.1445 1.3791
VI All 0.3942  0.9719  1.0231 1. Zéff_, 1.2843

he
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