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SUMMARY .

This paper summarises the results of research into the economics
of smll-scale farming in llasii location, lowland Machakos. It deals' with
the role of cotton, which was found to be only a marginal improvament on
traditional food crops grown at present, particularly in the low rainfall
years. The special position of maize, the staple food, and the high price
of importing maize in the low rainfall years, is partly responsible for
cotton not being more attractive in places like iasii.

The results of an investigation of the potential of Katumani
maize, using somewhat optimistic assumptions about performance in the low
rainfall years, are also summarised. Katumani maize is far superior to
cotton and traditional food crops, given the present maize price
fluctuations that the farmers face. But if Katumani maize provides a
district surplus, even in the low rainfall ysars, the maize price fluctua-
tions disappear making Katumani maize much less attractive again. Once the
low rainfall year price of maize falls, cotton replaces Katumani maize as
the most attractive crop, and Katumani maize plays a rclatively minor role
in optimal farming systems for Masii.

The original purpose of the research was to examine constraints
on agricultural production in Hasii. The most important resources used in
peasant farming in places like Masii are obviously labour and land, and
the role of these two was examined carefully. Although labour in general
is not scarce, and there is unemployment locally, the way in which labour

scarcities at different times of the year jovern production patterns is



interesting. Labour bottlenecks at particular times of tiae year have an
important influence on what is feasible and profitable in farming in Masii.
The analysis of the influence these labour bottlenecks have on farm
production patterns throws light on the working of many pecasant farms,
where production is determined to a very large extent by seasonal labour
patterns.

It was originally assumed that credit would be a major constraint
on production in Masii, but as fieldwork progressed this assumption had to
be modified. Credit did not appear to be nearly as important as other
operational constraints. Management, on the other hand, had originally
been underestimated. Variations in managcrial skills led to better farmers
being able to make about 4 times as ruch as poorcr farmcrs with the same
labour and land rcsources, as is shown below.

Policy implications following from the analysis of constraints
involve extension and research services. These are discussed in some of
the final sections of the paper in which it is suggested that the traditional
emphasis on these services as the major weapons of agricultural change is

right, but that much can still be done to improve their effectiveness.
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Introduction

This report is intended to make the vesults of a study of
small-scale farming in ndasii location. lowland Machakos . more readily
available, particularly to peorle in Government. ifany of the thcoretical
1ssues discussed in the full account of the s’cudy,l are ignored, and
the emphasis is on the practical policy implications instead. The most
important conclusions as far as nolicy is concerned are on the relative
attractions of cotton, Katumani maize and traditional food crops for
farmers in lowland !lachakos conditions, and on the role of different
resources which may be limiting development at present: capital,managerial
skills, labour and land. There are implications for credit policy,
research and extension scrvices following from the analysis of resource
constraints.

The report also includes a brief discussion of the possibilities
of using linear programming techniques for the analysis of routine farm
production studies undertaken by the Kenya Government Farm Economics
Survey Unit. It is felt that F. L. 8. U. data could be exploited much
more fully than at present, to answer vital policy questions.

The fieldwork and some of the initial analysis of the data was
undertaken in 1962/53 under the British Governmcnt Social Scicnce Field
Rescarch Scheme, now in the !linistry of Overseas Development. The bulk
of the analysis, and the firal writing up of the study, was undertaken at
the Institute for Development Studics, University College, Hairobi, with

Rockefeller Foundation support.

1. J. Heyer, Agricultural Development and Peasant Farming in Kenya, Ph.D.
thesis, London 196%. unpublished.



The report begins with a brief introductory description of
Masii, a summary of the amalytical method, and a fairly detailed
presentation of the data used, to enable an objective assessment of
the validity of the results. The bulk of the report is devoted to

a discussion of the results and conclusions that follow.

Masii

Masii is one¢ of the more densely populated of tha Machakos
lowland locations, its central market lying 18 miles east of lachakos
town on the Machakos-Kitul road. HMost of the location is in the acacia
combretum ecological =zone, and it has an annual rainfall of about 25
inches, but this varies widely from ycar to year. !Most of the rain falls
in two rainy scasons, from October to January, and again from lMarch to
June. The solls arc sandy clay loams.

The population density in Masii is well over 300 per square
mile3 and there arc about 130 livestock uni‘csl‘L per squarc mile in addition
to this. The land is cxtensively cultivated, with residual areas of
poor and croded prazing loft for cattle. Masii farmers own both arable
and grazing land individually, and most holdings consist of several
fragments of land. Fragmentation is not severe, thougn, the average
number of fragments being about 2 or 3, and the furthest distances between
fragments 2 miles at the very most. Many holdings arc not fragmented

at all.

2. Kenya Government, The Soils of the lairobi-Thika-Yatta-Machakos
Area, 1963.

3. Kenya Government, Kenya Population Census 1952, 1964.

4. A livestock unit is defined as 1 head of cattle or 5 head of shzep
or goats. The figure is based on a census taken in 1959.



TII.

Crops are planted beliind ox-drawn ploughs when the October
rain begins, in mixed combinations, on previously unprepared land. Haize,
beans, pigecn peas, bulrush millct, wimbi and sorghum are the major crops.
Small quantitites of cowpeas. swect potatoes, cassava, pumpkins, melons
and gourds, castor, bananas, citrus, mangocs and pawpaws are grown among
the major crops and in small patches neir the homestead as well. Cotton
was grown in Masii in 1962 for the first time since the war, and there has
been a rapid extension of cotton-growing in Masii since. It is planted
exclusively in pure stands. Pigeon peas, sorghum, wimbi, cotton and many
of the minor crops continuc through the two rainy sceasons, but maize, bean
and millet can all be harvested in time for a second crop to be grown in
the March rains. The second crop is nearly always maize or beans.

Masii pcople work hard at pezk seasons, many doing more than 8
hours a day, 6 days a week, for several weeks at a time. There appears
to be no lack of incentives in the location which is generally recognised
as one of the morc progressive of .the lowland locations in Machakos

District. The problem is one of severe physical constraints.

The Analytical Method

Linear programming was used for the analysis of farm production
in Masii. Basically this involved finding the maximum valuc of farm
output that could be obtained, given the resources, techniques, and
production alternatives open to farmers in Masii. Given the alternative
crops that can be grown, and the techniques that can be used to grow them,

and given the range of acreages and labour forces available on Masii farms



the problem is to see what is the best use that can be made of these.
What is the maximum value of output that can be obtained? What patterns
of production give the highest returns? What major bottlenecks prevent
production from increasing further?

The range of alternatives betwcen which Masii farmers can
chosge includes cotton, Katumani maizs and traditional food crops, grown
in different ways. The choicc between methods of growing different crops
is as important as the choice between the crops themselves. For any crop
or crop mixture, in which crops are interplanted, there is a choicec of
planting time, weeding intensity and weeding timc, for example. Farmers
have to decide which crops to plant early and which can best afford to
wait: they have to decide where to put their major weeding effort; they
have to decide which crops and crop mixtures to grow so that the harvests
are sprcad and do not all coincide to make impossible labour demands. The
factors they have to consider arc how to make the best use of their limited
acreages of arable land, and how best to use labour at peak periods as well.
It is often as important to make good use of early ploughing labour, for
cxample, as it is to make good use of limited quantities of arable land.

The scarce resources we consider in this analysis are land, and
labour at critical times of the year. At some times of the year, of course,
labour is not scarce at all. But at other times, at weeding, ploughing
and some¢ harvesting times, the availability of labour determines profitable
crop production patterns. Other resources which are usually considered
to have a major influence on production patterns are capital and managerial
skills. Differcnces in managerial skills, enabling the better farmers to
get higher outputs from given quantities of labour and land, are incorporated

in the analysis. But the only items of capital that are considered to



linit production on iiasii farms, in that some peoplc cannot get access to
them at the right time, arc oxen and ploughs. Other capital items usad in
the production process ara acnerally available in Masii. This point is
discussed further below. We are sayine, in effect, that there is no
shortage of capital at present in Masii except possibly for the purchasc
of oxen and ploughs. Other rcesource constraints were considered and
rcjected 2s unimportant in ifasii.

For any given set of assumptions about the resources available
and the range of production possibilities between which therce is choice,
the linear programming solutions show the maximum value of output attainable,
the crop production pattern that maximisecs output, and the rclative
importance of the major resources limiting the cexpansion of production on
the farm. (Scarcity values attached to the resources show their relative
importance in any given situation). The way in which the computer arrives
at the solutions is very similar to the way in which farmers make their
production decisions. Farmers try to maximise returns to resources that
are scarce: they try to wecd most where the returns to weceding arc
highest, they try to use carly planting labour for crops that are most
sensitive to planting delays. In doing this, on the basis of past experience
and trial and error, they may come very near to maximising their rcturns.

In linear programming the computer finds the most scarce resource,
such as early planting, or land, and examines all alternative uses until
the one that gives the highest return is found. When the most scarce
resource has been used to the full, the next most scarce 1is taken, and

returns to this are meximised, and so on, until all scarce resources are



fully used. Thc proc.ss, similar to budgeting, and also similar to that
which takes place implicitly on a peasant farm, is morc systematic than
cither of these, allows a morc thorcugh investigation of alternatives, and
always gives an optimal rcsult, on the basis of the data used. But the
data arc the key to the validity of thc analysis and these can only be
best cstimates.

In order to perform the analysis, to choosc between the different
production alternatives and to maximise the value of production by combin-
ing them in the best possible way, it is necessary to have detaiied informa-
tion on the resources used in each alternative production process, and the
total supply of rusources available for use. For each alternative crop
mixture and mcthod of treatment, it is necessary to know how much labour
per acre is used at different times of the yecar, and exactly what output
this combination of labour and land produces. In other words, detailed
input-output data are needed for all production processes to be included
in the range of choice,

In the next section we present the data that are used in the

analysis, to enable an objective assessment of the validity of results.

IV. The Data on which the Analysis Rests

Data werc collected from 16 holdings in Masii in 1962/63. The
holdings, the method of collection, the definitions used, and the raw
data themselves, arc described in the supplement to this paper. In the
main paper, all that is done is to present the figures actually used in
the analysis. A description of the way in which these were obtained from

the raw data can be found in the full account.

1 ) ! 3 T . .
9. J. Hoyar, Agricultural Development and Peasant Farming in Kenya,

op.cit.
e — —




Although iasii farmers plant some crops, maize and beans, in
the March rains, only the Octobor-planted crops have been considered herec.
An initial analysis including both seasons showed that the March rains
cropping patterns were completely dominated by October rains considerations,
and that March rains activities did nct introduce any important additional
bottlenecks. The yields of second rains crops are generally low, and the
acreages involvzd zre small. The main purpose of planting maize and beans
again appears to be for the prescrvation of frosh sced for use in October
again. Only in exceptional years, when the October rains have failed, is
planting substantial in the scecond rains.

(i) Traditional Food Crcps: Outputs in Masii vary cnormously from ycar

to year, and the analysis takes account of these variations by consideringy
high rainfall, average rainfall and low rainfall situations. The year in
which the field data werc collcocted, 1362/63, was a year in which rainfall
was hign and yields were well above average, and this is taken as
representative of high rainfall ycars in penceral in Masii. High rainfall
year outputs are thus bascd on detailed field data. For years when rain-
fall is average or low, such data arc not available, so estimates have
been made, using all information cbtainable.

Yields observed in 1962/63 varied considerably, partly because
methods of treatment and crop mixtures varied, but partly also because
"managerial abilities", dcfined more precisely below, were different on
the different farms. The analysis uses a wide range of yields associated
with differcent erop mixtures, times of planting, and times and intensities
of weeding, for any given management level., The range used for the

modal lev2l of management is shown in the table below.




TABLL 1.

Range of Traditional Food Crop Yiclds, used in the Analysis,

(2001L.. bags/acre, mixed and pure stands)

Beans 0.2 - 2.9 Millet 0.4 - 1.6
Maize 0.5 - 9.5 Sorghun 0.4 - 1.6
Pigcon Peas 0.3 - 3.3 7imbi 0.5 - 0.9

ompares with ranges found in the field, in 1962/63, as follow

Range of Traditional Food Crop Yields observed in the

Fiecld, 1962/63, all lManagenent Levels

(2001b. bags/acrec, mixed and pure stands)

Beans 0.3 - 5.9 Millet 0.2 - 9.5
Maize 2.9 -12.8 Sorghum 0.3 - 5.7
Pigeon Peas 0.9 - 5.1 Uimbi 0.3 - 7.7

The differences between the range used and the range found in the

field is partly due to differcnces in management levels in the field

data, and partly to the fact that the rangc of alternative possibilities

considered in the analysis is wider than :that found irn the field,

including more intensive and less intensive methods of treatment at

the extremes. The analysis uscs yields lower than the field range

becausc it was only very seldom in the field, for cxample, that a

farmer planted late, weeded late, and weeded very little, but this

possibility is allowed as a choice in the analysis.
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Prices used for 1962/63 returns are those farmers received
from marketing board agents and general produce traders in Masii in
1962/63. Taere is no reason to suppose that tiuese were any different
from normal high rainfall year prices in the area during the months

when the bulk of the crop is sold. The actual figures are shoun below.

TABLE 3: Traditional Food Crop Prices in Masii in 1962/63,

High Rainfall Year

6
(Sh. per 200 1b. bag)

Beans 35 Millet 18
Maize 20 Sorghum 18
Pigeon Peas 35 Wimbi 30

For the analysis of the situation in average and low rainfall
years no detailed field data were available and estimates had to be used.
Yield fluctuations were estimated from discussions with local agricultural
officers and farmers in Masii, and price fluctuations were discussed with
traders as well. The changes in the relative positions of the different
crops are marked, so the analysis should be valid even though these
figures are not actually based on data directly from the field.

1962/63 returns were multinlied by the following factors to

get low rainfall year returns:

6. Not all crops are put in 200 lb. bags, but prices have been converted
to this standard measure here.
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Beans .24 ifillet 1.239
Maize L Sorghum 1.74
Pigeon Peas .39 Yimbi .32

Beans suffer more fromdrought than pigeon peas. Maizc yilelds
fall drastically, but returns fall much less because the reduction in
yield is offset by a very considerable increase in price. Ifillet and
sorghum do relatively wcll in low rainfall years, and their price tends
to rise a little too, but their low rainfall returns may have been somewhat
overestimated. Nillet does not appear to be attractive in any of the
situations considered.,and sorgnhum is only attractive in one case, so any
overestimation doss not affect results.

The average rainfall year estimates are a combination of high

rainfall and low rainfall figures. Price and yield boundaries were drawn,
and averare returns obtained from these. This resulted in high rainfall

returns being multinlied by the following factors to obtain average returns

Beans .63 Millet 1.22
aize .82 Sorghum 1.32
Pigeon Peas .78 Wimbi .89

The inputs considered in the linear programming analysis are
labour at different times of the year, and land. Management abilities are

considered separately and these are discussed in another section below.
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Both inputs and outputs are expressed in per acre terms, so all
of the land coefficients are 1. The labour inputs that enter into the
analysis as possible limits on production are: ploughing at the beginning
of the October rains, weeding, and harvesting. Planting labour does not
limit production as such, becausc planting can be done by young girls or
old women where necessary, and it does not interfere with labour that is
scarce at that time. The time of planting, which is critical, is determined
by the availability of ploughing resources instead.

Observations of ploughing labour inputs varied, with a distinct
mode between 2 and 3 man-days per acre,7 and 90% of the obsecrvations
between 1 and 5 man-days. It is assumed that better managers take less
time than poorer ones, and this is discussed in the section on management
levels below, but for the average level of management it is assumed that
3.5 man-days of ploughing labour per acre is required. This figure is
the same for all food crops, and also for all ploughing whether done
sooner or later after the beginning of the rains. There was no observable
difference in the amount of ploughing required as the rains progressed
in 1962/63.

The amount of ploughing labour available per farm was defined
as the amount of time for which a whole ploughing tcam, labour, oxen and
ploughs, was available. Thus the ploughing constraints, which determine
the amount of planting that can be done in different time periods after
the beginning of the rains, are not strictly labour constraints, but include

capital in the form of oxen and ploughs, as well.

7. A man-day is defined as one adult labour unit, working for 8 hours.
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Weeding labour is trecated somewnat differently. WUeeding
intensities vary, and arc the subject of choice. Three different intensities
arc allowed as choices in the analysis, for cach crop or crop mixture
considered. Thus crop mixtures can be weeded very little (low), an
average amount (medium), or a great deal (high), and the farmer always
has the choice for any particular crop mixturc of how much weeding to do.
The choices 1llowed for beans mixtures, wimbi mixturcs, and mixtures
containing maize, pigeon peas, millet or . sorghum, but no wimbi or beans,

(Yother mixtures'), are shown below:

TABLE 4: Choice of Weeding Intensity allowed in the Analysis

(man-days per acre)

Beans Wimbi Other

Mixtures Mixtures Mixtures
Low 2.5 9.0 2.2
Medium 7.0 13.0 6.2
High 10.5 16.0 9.6

This compares with field observations as follows:

TABLE 5 Range of ¥Weeding Intensities found in the Field

(man-days per acre)

Beans Wimbi Other
Mixtures Mixtures Mixtures
Low 3.3 u.7 1.4

High 22.8 24.0 17.2



The Ffigures useld in the analysis were chosen te represent the lower
extremes found in the field as well as the higher ones,; but the weeding
observations that were very high were discounted to some extent because
they were usually inflated by couch grass problems on particular plots.
iliere 1 high valuec was due to couch grass, it could not be attributed
entirely to a particular crop mixture. It was considered to include an
overhecad charge associated with the plot rather than with the crop mixture
concerned .

Outputs are assumed to be reduced by 70% by low wzeding and
increased by 50% by high weeding, compared with outputs obtained from
medium weeding.

ilarvesting is not a problem for all crops, some of which can
be harvested at lcisure when there is very little elae to do on the farm.
Wimbi and sorghum harvests do not generally interfere with other work, for
example, and maize only does for part of the time. The important bottle-
necks come with the beans and millet harvests which coincide, part of the
naize harvest, and the pigeon pea harvest in September, at the end of the
agricultural year. Labour required for these harvests is shown below. It
is assumed that th2 quantity of harvesting labour applied does not have
any influence on yield. There is no choice of harvesting intensities in

the analysis.

TABLE 6: Harvesting Labour Inputs used in the Analysis, = Ao

Modal Management Level
(man-days per 200 1b. bag)

Beans 4.5
Maize (excluding threshing)8 1.5
Pigeon Peas 4.0
Millet 6.5

8. Maize threshing can be done at any time, when there is no pressure of
work on the farm. Beans and peas have to be threshed at once.
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For maize, 95% of the ficld observations were between 0.5 and
2, for beans 85% between O and €&, and for pigeon peas 75% between 2 and
6 man-days per bag. The millet observations had a mode of 4-6 man-days,
with a wide spread around this mode, and an uneven distribution altogether,
due to rather few observations in this case.

Tor other management levels, sligntly different harvesting labour
inputs are used, as is shown later.

The time of planting which depends on ploughing, and the time
of weeding, also have important influences on yields. Planting dates are
critical where the length of the rainy season is as short and unpredictable
as in Masii. Planting is divided into three time-periods for the purposes
of this analysis: (1) 1-9 days after the rain begins; (ii) 10-15 days
after the rains, and (iii) any time later than this. It is assumed that
different crops are affected differently by delays in planting, maize and
wimbi being the most sensitive, subject to yield reductions of 15% if
nlanted in the sccond time-period, 35% if planted later than this. Beans
peas, sorghum and millet are assumed to be somewhat less seriously affected,
being subject to yield reductions of 5-10% if planted in the sccond time-
period, and 10-15% if planted later than this.

The time of weeding is important, both because the longer the
weeds stay the more they influence yields, and because the bigger the
weeds grow the less affective any given quantity of weeding labour is.
Thus weeding was defined according to whether the bulk of it took place
4-7 weeks after the beginning of the rains, 7-10 wecks after, or later
than this. Crops werc all assumed to be equally affected by weeding delays.
the effect of early weeding being 25% higher than medium, and the effect

of late weeding 25% lower than this.
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Thus the crucial inputs considered are land, and ploughing,
weeding, and harvesting labour. The crop mixture, time of planting, time
and quantity of weeding arc all assumed to affect output per acre. In a
high rainfall year on a farm with average managerial skills, it is assumed
that yields can bc as high as 9z bags of maize and 3 bags of beans or peas
per acre, but they can fall as low as % bag of maizc and § bag of beans
or peas if the crop mixtures are neglected, cr grown cxtensively. In years

when rainfall is low, all yields arc very low, but prices compensate to

some extent. In average rainfall years, they arc somewherce in between.

(ii) Cotton: Cotton inputs and outputs are less wcll covered by field

data, because 1962/63 was the first year in which cotton was grown in
Masii since the war. There were few growers, unusual labour inputs on a
nev crop, and climatic conditions that gave cxceptional patterns of growth.
The development of cotton growing in Masii is likely to be accompanied by
increases in the efficiency of labour on operations such as picking, which
arc entirely ncw, and decreases in the use of unrcciprocated community
labour which was very promincnt in the 1962/63 season. Yields have
already been declining from the high 1962/63 level to somewhere near the
district average as the enthusiasm: of the farmers, the proportion of
progressive farmers growing cotton, and the concentration of extension
supervision, all decrease. On the other hand, farmers' experience of the
crop should lead to improvements counteracting thase other influences to

some extent.



- 16 -

Observations on cotton are available feor two holdings, and
these are used together with Agricultural Department estimates on cotton
cultivation elsewhcre in the district. Although the data are thin, the
position of cotton emerges very clearly in the analysis, which does not
appear to be sensitive - to data assumptions that are weak. Where there
is any doubt, assumptions have alWays been made on the optimistic side,
so if anything the role of cotton is overestimated. It is important to
remember this, in view of the conclusions presented below.

The ploughing constr=int is the same as for any other crop,
although this may consist of a first ploughing before the rain at a time
when ploughing resources are plentiful, followed by a careful second
ploughing when the rain begins. In the crucial period at the beginning
of the rains, cotton is assumed to require the same amount of ploughing
per acre as any other crop. Cotton planting can be a time-consuming
operation, and it cannot all be done in spare time with labour that is not
scarce. This is truc if manure is applied in cach individual planting hole,
as rccommended in Masii. On one of the holdings obscrved, manure was
applied in cach hole, and 15 man-days were spent in planting per acre.
The Agricultural Department estimate for planting with manure is 10 days,
and as they tend to overestimate the efficicncy of peasant farm labour,

a figurc necarer 15 is uscd in this analysis. %Yhen no manure is applied
it is assumed that planting is no problem, as in the case of food crops.

Cotton weeding was more intensive in 1962/63 than weeding for
other crops, but this may have been because cotton was new and heavily
supervised by extension officials in that year. In the analysis, the

possibility of weeding very intensivley is allowed, but also the



possibility of weeding very little, the choicos being 12, 8 and 4 man-days
per acre. An additional 5 man-days per acre is required for the two
thinning and replanting operations at weoding time. The Agricultural
Department cstimatc is 6 man-days for weeding, thinning and replanting.
Field observations werc 10 and 1% man-days for the weeding operation
alone.

High weeding is assumed to incroase yiclds by 50%, and low
to reduce them by 60%, over medium weeded yields.

Dusting and spraying normally begin in the 3rd weeck of March
and continuc tarough the lst weck in May, and this is the pattern the
analysis assumas. Therce is a choice between spraying the recommended
amount, half the recommended amount, or not at all, in the analysis.
Rcturns are then assumed to be reduced by 20% by half spraying, and 50%
by no spraying at all, the effect as likely to bec felt through the quality
as through the quantity of cotton harvested.

Cotton makes the heaviest labour demands at picking time, from
May to September in Masii. Agricultural Department cstimates suggest a
rate of 20 1lbs. per day for an incxpericnced labourer picking and sorting,
and 40 lbs. per day for a more expericnced man. The rate observed in Masii
was less than 9 lbs. per day. Obscrvations of the methods and speeds of
picking ecasily confirm this low rate, but it is assumed that it will
improve with practice, and the figurc used in the analysis is 24 lbs. per

day for the average management level, an optimistic estimate.

9. This is high comparcd with estimates from Uganda and Tanzania as well.



- 18 -

The yields assumed for tuc different possible treatments range
from 110 to 1250 1lbs. per acre for an average farmer in iasii in a high
rainfall y.ar. In 1962/03 average yields werc higher than this, but it
is assumed that thcy were unusually high for rcasons already given. The
district average in a high rainfall year is 600-700 lbs., so a range of
110-1250 seems rcasonable, for average management levels. For years when
rainfall is poor, yields arc assumed to be reduced from an average of
650 1lbs. per acrc to 250 1lbs.

Cotton prices for the 1962/63 season were 52cts/ib. for AR
and 18cts/1lb. for BR grades. The analysis assumes thesc 1962/63 prices,
with 60% AR and 40% BR cotton, the average for the district as a whole.
There was some investigation of higher and lower qualities and price levels,
and this showed that as the price or quality falls cotton quickly becomes
unattractive in Masii. And considcrable increases in price do not improve

. I 1
its position very much. 0

(iii) Katumani Maize: Drought-resistant varieties of maize developed at

Katumani Research Station are continually improving, and recent developments
suggest that it will not be long before a reasonable yield in years of
drought can be combined with a high rainfall ycar yicld that is nearly as
good as that of local maize. But this stage has not yet been reached.

The variety that is being widely distributed in the district at
present is Katumani Synthetic II, first developed in 1961 and distributed

since 1963. Synthetics IV and VI and their derivatives are now also

10. When the quality increases to 80% AR and 20% BR, the equivalent of a
price incrcase of about 18%, the maximum gain in total returns is 10%,
and the gain is usually considerably less. %hen the quality falls to
40% AR and 60% BR, the equivalent of an 18% fall in price, cotton becomes
unattractive and food crops predominate.
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11
being tested, and these are said to be giving promising results.

Katumani Synthetic II. howecver, appcars to have failed in many areas in
1966/67 in the field, contrary to earlicr cxpectations and claims.

Detailed field data arc not available for Katumani maize, which
was not grown in Masii in 1962/83. The analysis therefore relies on inform-
ation from Katumani rcsearch station togother with scattercd information on
field rcsults since 1963. The analysis assumes that Katumani maizc yiclds
about 2% bags por acrc in low rainfall years when local maize yields less
than 1 bag. This now appears to be a somewhat optimistic assumption, in
view of 1966/67 results, and it may bc necessary to interpret the analysis
as referring to Katumani maize in a few years to come, rather than
Katumani maize as it is now. In high rainfall ycars, Katumani maizc is
assumcd to yield an avcrage of 4 bags pur acre compared with local maize
which yields 53.

The inputs for Katumani maize are assumed to be very similar
to those required for ordinary maize, but the timing of the harvest is
changed. Katumani maizc is a quicker maturing maize than local maize, and
the harvest thus comes carlier, conflicting with thce beans and millet
harvests, unlike local maizc.

Bearing in mind the qualifications on performance in low rain-
fall ycars, the conclusions that follow can be interpreted as conculsions
on the potential role of Katumani maizc. They should soon be applicable,

given advances at the rescarch level that arc already taking place.

11. Private communication from Katumani Rescarch Station June 1966.
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Differcnt Managerial Skills: The range of outputs associated with

a given set of inputs of labour and land on different farms is sufficient
to warrant some consideration. It was found that farms using almost
identical quantities of labour per acre at different times of the year
obtained differing outputs. In other words the quantity of labour measured
in adult hours, and the quantity of land, are not sufficient to explain
output in any particular casec. Other factors also play their part.

The rcsidual factors not quantified in the analysis are termed
“managemcnt'. The most important of these are the quality of labour which
includes intensity and methods of work, the condition of oxen at ploughing
time, and the quality of soil consecrvation works, all of which can be
considerad to be factors within the farmers' control, factors depending on
managerial skill. But "management'" also includes some independent factors,
the most important of which is the intrinsic fertility of the soil, only
partly determined by manure and crop rotaticn policies followed by the
farmer in the past. 'Management" is a residual variable, but after
considering all the possible factors involved in this residual it was
decided that most of them could be termed ‘“aanagerial'.

Data on the range of managerial skills are only available for
traditional food crops, and only for a high rainfall year. But the
variation is sufficiently interesting to be worth discussing in this context
alone. Differences in managerial levels are taken from frequency distribu-
tions, the mid point of which is the modal level to which most of the
analysis applies. Two points on either side of this represent higher

and lower managerial levels.



The inputs that are assumed to change with managerial skills
are plougiing and harvesting. It is assumed that the most efficient
farmers use only 2.5 man-days per acre for ploughing and the least
efficient use #.5.(The aveorage level was 3.5, as already indicated. The
range of field observations has also been given, p. 11). For harvesting,
it is assumed that beans require 3.5 to 5.5 man-days, depending on the
management level, maize 1.0 to 2.0, pigeon peas 3.0 to 5.0, millet 5.5 to
7.5, sorghum 3.0 to 6.0, and wimbi 6.5 to 8.5, all pcr 200 1b. bag. (The
field ranges from which these are taken have been given earlier, p. 13.)

Outputs are assumed to vary as well. It is assumed that the
more officient managers can get morc from a given crop mixturce, time of
planting, time and intensity of waeding than the lass officient. Yield
ranges assumed are given below. (These compare with field ranges alrcady

given, p. 8.)

TABLL 7: Range of Traditional Food Crop Yields used in the Analysis,

Different Management Levels

(200 1b. bags per acrc)

Vorst Best
Managrs lanagers

Lowest maizc 0.2 0.8
Highest maize 4.1 15.0
Lowest beans 0.1 0.3
Highcst beans 1.0 4.8
Lewest pigeon peas 0.1 0.5
iighest pigeon peas 1.3 5.3

Cont.
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TABLE 7 cont.

Horst Best

ianagers Managers
Lowest sorghum/millet 0.2 0.7
Highest sorghum/millct 0.7 . 2.6
Lowest wimbi 0.4 0.6
Highest wimbi. 0.7 1.1

Thz Prosgoctq_for Cotton_in Hasii

In considering the results of the analysis, we turn first to the
role of cotton on farms in Masii. Farm systems in which cotton is included
are compared with systems in which traditional food crops alone can be
grown. The analysis shows how cotton fits in with other crops, what sort

of farm production patterns are possible with cotton, how much farm returns

can be incrcased, and what the major bottlenccks arc once cotton is introduced.

These factors are explored for high rainfall,. average rainfall and low
rainfall conditions, and there is a consideration of the year to year
variability that the diffcrent possible systems involve. This is as far

as we go in a treatment of risk. While it is relatively easy to discuss
the range of year to year variability, and the outcomes in high rainfall,
average rainfall and low rainfall conditions, it is much more difficult to
combine this in a discussion taking all rainfall conditions together. We
know something about the range of yields and different rainfall conditions,
but we dc not know the distribution of yields that can be expected in

the long run over the years. Nor do we know anything about the relative

weights farmers attach to lew rainfall outcomes comparcd with high
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rainfall outcomes. e cannct just assume that farmers arc ecqually
concerned with both. They may attach a great deal of weight to the
outcome in yeirs when rainfall is low 2nd therce is the possibility of
famine, and much loess weight to the high rainfall years. Or alternatively
they may feel there is littlc they can do to provide for the years of
famine, and they may concentrate on doing well in high rainfall ycars.

We would nced much more information than we have for a thorough treatment
of risk, but we have at least taken the range of rainfall conditions into
account . Many of the conclusions hold for all of these in which case it
is not necessary to know about ralative weights.

As alrcady mentioned, cotton data arc only available for the
modal management level, and results discussed in this section apply only
to modal managers. This point will be taken up again in the section on
the validity of the cottoan results.

The analysis assumes constant rcturns to scalc, so it is the
ratios of labour to land that arc important rather than actual quantities.
Results are given for O to 6 acreas of arablce land per labour unit,l2 and
these can casily be translated into results for individual farm situations
by simple multiplication in any case.

The range of land/labour ratios for which results are given
corresponds to acrcages on the farms studied varying from 0.6 to 6.5, with

an averagze of 2.8, and labour units from 0.5 to 1.8, with an average of 0.9.

12. A labour unit is defined as an adult man 20-6G0 years, or woman 20-40
years, available throughout the year. People older or younger than
tais, people working only occasionally on the farm, and people who
are sick, are counted as fractions of these adult-equivalents. Sce
J. Heyer, Agricultural Production and Peasant Farming in Kenya, op.cit.,
for a fuller discussion of this.
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The number of acres per unit of labour varied from 0.8 to 4.2, with an
average of 2.9. The farms had to feed betwecen 1.5 and 8.3 ccnsumption

. 3 . .
unlts,l an average of 2.8 per unit of labour on the farm. The proportion

of dependents is thus rather high in Masii.

(i) The role of cotton in Masii: The analysis shows that the gains from

growing cotton on farms such as those in Masii are rclatively small.
Ratyrns attainable per labour unit with traditional food crops are compared
with those attainable when cotton is also grown, in diagram 1. If the
productive systems are planned to maximise high rainfall returns, it is
possible for farmers to make up to Shs.900/- per labour unit from traditional
food crops in the high rainfall years, and up to Shs.960/- if cotton is
also grown. Returns to labour depend on the acreage each unit can command.
Returns per acre, in a high rainfall year, vary from Shs.150/- to Shs.30u4/-
with traditional food crop systems, and from Shs.152/- to Shs.472/- when
cotton can also be prown. Thesc depend on the amount of labour available.
Cotton brings mor: substantial improvements if labour is plentiful relative
to land.

In low rainfall conditions, it is only possible to make about
Shs.450/- per labour unit with 6 acres of land, and it makes little
difference if cotton is also grown. The yield advantages of cotton when
rainfall is low arc outweirhed by the increase in the price of maize .
making food crops as attractive. Returns per acre, in low rainfall years,
vary from Shs.75/- to Shs.139/- with traditicnal focd crops, and from

Shs.75/- to Shs.172/- when cotton is also grovm.

13. U .MH.0. nutritional consumption units, in which children aged 0-10 years
are counted as 0.5, and children aged 11-15 ycars are counted as 0.75
of an adult consumption unit.



DIAGRAM 11 THE IMPACT OF COTTON: RETURNS TO
LABOUR IN  DIFFERENT RAIt' FALL
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———~ TRADITIONAL FOODS WITH COTTON.
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The advantages of growing cotton arc more marked when labour
is plentiful relative to land in ilasii, because cotton is a lzbour-
intensive crop. Farmers cannot concentratc on cotton as acreage rises in
rclation to labour available on the farm. This raises the possibility of
using hired labour, at least at seasons of peak labour demand, to grow
larger acreages of cotton. This possibility was investigated in the
analysis, but additicnal returns proved insufficient te justify the hiring
cof labour unlass available at a very low wage. Although there is wide-
spread unemployment in Kenya, and even local unemployment in Masii, labour
has a supply price which appears to be relatively high. In Masii, there
are people who will not work on their family farms at all, and who will
not take up cmployment cn other farms unless the wage is relatively high.
They are fed by their familics anyway, and they are not prepared to work
unless they are offered attractive wape rates. It is not possible to
justify the hiring of permanent labourecrs to deal with increcased acreages
of cotton, because the labcur roquirements are too seascnal. But neither
does it appear to be worth hiring casual labour at the times of the yecar
when labour demands arc hich, because the additional raturns attainable
from growing increascd acreages of cotton arc toe low to cover a wage of
anything over about 5hs.l/50 per day and leave the farmer with some extra
as well. In HMasii casual labour wages are considerably higher than Sh.1/50
a day. The farmor does better by growing food crops using family labour
alone.

Cotton uscs considerably more labour over the year as a whole
than traditional food crops, and while much of this is in periods when

activity is otherwise slack on the farm and labcur is not scarce, farmers
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might bc rcluctant to move into cotton with all thc additional work it
involv.s unless it offirs v.ry substantially increasced total returns.

It is not only the absolute loevels, but also the ycar to year
variability in rcturns that is important in ifasii. This is shown in Table 8
ovarleaf for the diff_rcnt productive systems thoe first two sections being
relevant to this discussion. Scction 1 shows the position when traditional
food crops are grown, and scction 2 when cotton is also included. The
table gives the high rainfall and low rainfill rcturns associated with the
productive systems that are optimal in diff.rent rainfall conditions. The
first row of cach section of the table shows the outcomes from preoductive
systums that give the highest returns in low rainfall years, (low rainfall
optima ) first when rainfall turns out to be high and then when rainfall
turns out to be low. The first twe columns show the valuces of returns
per labour unit, with 6 acres of land. The last column shows the percentag.
variation around the average not dust with 6 acres, but for all land/labour
ratios.

In the productive systems that give the highest roturns in high
and avecrage rainfall ycawrs, (high rainfall optima & average rainfall optima)
the variability in returns is rceduced when cotton is grown. Whercas with
traditional food creps alone, rcturns from high rainfall optimal systems
vary from 70 to 150% around the average from ycar to year, with cotton
they vary from 30 to 90%. For productive systems that give the highest
rcturns in low rainfall years, nowcver, the year to year variability in

returns is increascd with cotton.



TABLC 8: Variations in Returns

1. Traditional Food Crops:
(current maize price)

Low rain optima
Average rain optima

High rain optima

2. Food Crops & Cotton:
(current maize price)

Low rain optima
Average rain optima

High rain optima

3. Food Crops & Cotton.
(constant maize price)

Low rain optima
Average rain optima

High rain optima

Returns/Labour Unit, Returns/Labeour Unit
6 acres land, (sh.) 0-6 acres
Hiph Low
Rainfall Rainfall Variation
620 450 40--70
380 380 70-140
900 380 70-1590
582 456 80-90
946 402 70-90
3958 394 30-90
820 300 90
850 270 90-110
900 240 100-120



The way in which cctton fits into the traditional food crop
systems is shown in diarrams 2, 3 and 4. In these diagrams, the acreage
available per unit of labour is shown on the horizontal axis, and the
nroductive system apprepriate for the different land/labour ratios is
then read vertically. The crop mixtures are shown in the key on each
diagram. The 3 letters associated with cach food crop miztura refer to
time of planting (E early, i mediunm, L late), time of weeding (L carly,

4 medium, L late) and intensity of weeding (d high, M medium, L lou).

For cotton there are only two alternative weeding times, (1 early and
medium, 2 medium and late) but the letters refer to planting time and
weeding intensity as for focd crops. All carly plantcd crops appear in
the lower part of the diagram, then medium and then late planted crops,
thick lines showing the distinctions between these. Within cach planting
time, better weeded crops alsc appear lower down than others.

In high rainfall years, at very low acreages cotton is the most
attractive crop, as diagram 2 shows, but when there are mcre than 1, acres
available per labour unit, food crops also enter thc most profitable
productive systems. As more land is available rclative to labour, cotton
assumes a less important role. Tor most land/labour ratics within the
range found in Masii, it appears to be werth while to grow 1 tc 1} acres
of cotton per labour unit to maximise high rainfall rcturns.

For years when rainfall is average, it appears to be worth
growing about the same amount of cotton at the different land/labour
ratios. This is shown in diagram 3. But in productive systems giving
the maximum returns in low rainfall years, shown in diagram 4, cotton is

much less prominent. Lxcept at very low acrcages, cotton occupics less
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than , acre in farm systems that are optimal. This is mainly duc to the
importance of maiz2, given the hich low rainfall year maize price.

Diagrams 2, 3 and 4% show the way in which different constraints
fovern optimal productive patterns. The constraints are indicated on
the right, with arrows to show the acraages (measured vertically) at
which they become limiting. Thus in diagranm 2, land is the only limit
until about 3 acre per unit of labour, and the most profitable crop per
acre, cotton, should be grown. After 3z acre, carly planting resources
become limiting, and some medium pnlanted cotton is added. At about 3 acre,
medium planted resources are also exhausted, and late planted cotton
enters. Hot until weeding becomes limiting do food crops compete with
cotton. Then food crops enter giving better returns to scarce weeding
resources in high rainfall years. 1In average and low rainfall years food
crops compete well with cotton for early planting resources, entering
carlier when these become scarcec.

At thce higher acreages per unit of labour, it is harvesting
that limits the amount of cotton that is grown. The pigcon pea harvest
conflicts with the cotton harvest, towards the end of the season,-and the
relative attractiveness of pigeon peas together with the limit on the
amount of harvesting that can be done restricts cotton acreages at the
higher land/labour ratios. The attractions of pigeon peas, and the
extent to which they compete with cotton, are more marked in low rainfall
conditions. Hence the very low cotton acreages in productive systems that

are optimal in lcw rainfall conditions.
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One might have expcctad the harvesting limit to be important
in restricting cotton acreages, as cotton is well known for its heavy
picking and sorting labour demands. lorec intercsting is the fact that
food crops compcte well with cotton for early planting and weeding resources.
Agricultural officials have long been known to complain that they cannot
persuade farmers to give priority treatment to cotton. It may well be
that farmers are right to resist, in this case, as our analysis suggests.

To summarise: for farmers who arc precoccupicd with rceturns in
years when rainfall is low, cotton is hardly attractive at all, representing
very little improvement over traditional food crop systems in the overall
level of returns, and involving a greater year to year variability than
these. For farmers whose main concern is with the outcome in high and
average rainfall conditions, though, cotton represents both some overall
increase in returns and a lower variability than traditional food crops do.
These farmers, planning their production to maximise high or average
rainfall returns, would do wecll to grow 1 to 1% acres of cotton, together
with traditional food crops, but not to give it preferential trcatment
compared with food, cxcept when farm labour is very plentiful relative
to land. Whether farmers will think the increasc in returns offered by
cotton sufficicnt to compensate for the additional work involved is

another question, though.

(ii) The validity of the cotton results: In view of the importance of

the conclusion that cotton is not particularly attractive in places like
Masii, even at present world prices, we review briefly the critical

assumptions on which the cotton conclusions are based. We then consider
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wny cotton is lgss attractive in Miasii thnn elscwhere in East Africa
where it has long been ostablished on pcasant farms, and why it is
popular at present even in Masii.

First we review the critical input-output assumptions. It
was assumcd that cotton. requires the same amount of ploughing labour as
other crops in tlasii, but that it makes extra claims on scarce labour at
ploughing tim2 if manurc is applied. It was assumed that cotton is some-
what more demanding than othor crops at weedine time, both through higher
quantities of woceding labour required,and because of thinning and replant-
ing operations which are hardly necessary for traditional food crops.
These two assumptions help to explain why it is advisable to give food
crops priority over cotton in many of the land/labour situations considercd
above. But there are good reasons to belicve that cotton is more demanding
than other crops in these respects, and there is no justification for
revising the figures to make them more comparable with the food crops
here.

All other important input-output assumptions for cotton are
on the optimistic side. The figurc of 24 1bs. pcer man-day for picking and
sorting at harvest time is considerably higher than that found clsewhere
in East Africa. The assumptions about yields are also by no mcans
pessimistic for cotton. An average of 650 lbs. per acre in a high rainfall
year, and 250 lbs. per acre in a year when rainfall is low is high for
East African conditions. In Nyanza which has a much longer cotton growing

tradition, and on the Coast in Kenya, yields arc much lower than this.
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In Uganda and Tanzania thesc averages would also be considered high.
Assumptions about quality arc as important as yields in influencing
returns, becausc the price differential is hirh. Our assumption that
60% of the cotten is in the lst grade is optimistic for an area in which
pest and discasc problems are substantial as in Masii.

Thus the input-output assumptions cannot be regarded as
pessimistic for cotton. If anything, they are on the optimistic side,
over-cestimating the attractions of cotton in farming systems in Masii.

It has becn suggested that the resource combinations for which
this analysis is valid are limited, in particular that insufficiently
extensive methods of treatment have been considered. The analysis only
applies, strictly specaking, to land/labour ratios falling between 0.8 and
4.2 acres per unit of labour, thosc actually found among the farmers
studied in Masii. Wherc land is more plentiful, one should consider more
extensive methods of growing the crops concerned, using even less labour
relative to land. But in fact, we have considered very extensive methods
of growing the diffecrent creops. UWe have considered extrcmes in which very
little labour is used for the cultivation of cotton (and other crops), in
which cotton is grown very extensively. Weeding of only 4 man-days per
acre, which can all be done very late, and yields as low as 110 lbs., have
been included as high rainfall year possibilities in Masii. It is difficult
to imagine much less intensive metheds being cconomic with any ratios of

labour to land, becausec the corresponding yields would be so low.
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ore important, perhaps, is the question of managerial skills.

Mo informaticn on the responsc of cotton to managerial skills is available.
It has been suggested that cotton may respond better tc good management
than food crops do. It is equally possible that its response is worse,
poor managers doing better with cotton than with feod crops because of

the concentration of extension supervision that goes with ceotton, and

the lack of resistance to new methods with a completely new crop. Therce is
no cvidence to show wihich of these two hypotheses is correct, but it is
worth emphasising that food crops were found to respond a great deal to
managerial skills. It was found that the better managers obtain food

crop yields 60-55% higher than those of average managers, and that poor
managers obtain yields 50-70% lower than the averasze ones. To show that
cotton responds even better to managerial skills, it would have to be
proved that good managers can get cotton yiclds more than 60-65% higher
than the average onecs, cotton yields of up to 2100 1lbs. per acre, compared
with the 1250 1lbs. maximum that is assumed for average managers here. It
is well-known that a few farmers get more then this, but whether a sizecable
group do is doubtful in lowland Machakos conditions. The very few also

get higher food crop yiclds.

It is likely that all farmers do better in a new and heavily
supervised crop like cotton, but there is no reason to suppose that good
farmers respond any better than poor farmers, or vice versa. There is
no reason to suppose that returns to management are particularly high for
cotton, and that cotton is therefore more attractive than the analysis

suggests for ahove-average managers.
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It is difficult to see how the conclusion that cotton is
relatively unattractive in lowland !achakos can be challenged on the
grounds of the assumptions that nave been made. But if the conclusion is
basically sound, why is cotton growing expanding so fast in Masii at
present? And why is cotton unattractive in Masii but attractive in other
parts of Last Africa, where it is an old-established croon?

In Masii, it is not easy to reconcile the present popularity of
cotton with the conclusions here. But it is quite likely that it is still
too soon for farmers to make their own judgements, and to become disillusioned
with the crop. There is tremendous pressure from the Cotton Board and the
Agricultural Department, both of which are trying to get as many people
as possible to grow cotton. There are many farmers in Masii who are now
extremely receptive to new ideas, who want to try anything that has a
good chance of success. There is also a large group of people who want
to do the right thing, and who always try to follow new Agricultural Depart-
ment advice. At this stage, these people are all willing to try. It may
take some time before they make sufficiently strong judgements of their
own to decide that the Agricultural Department is wrong about cotton. In
particular, Masii farmers have not had long enough to judge the year to
year variability, and the long-run position.

The question of success in similar areas in East Africa over
a much longer period is also interesting. There is a major difference
between lowland Machakos and most other East African cotton-growing areas
due to the special position of maize. Maize is the main staple food in

Masii and in Kenya the maize price system puts a premium on growing maize



where it is consumed. It is extremely exnensive to buy maize for consump-

tion, in Kenya, at times of generalised local shortages of maize as in

Masii in low rainfall years. And in Masii, unlike some other parts of

Kenya, people do not have alternative staple foods to which they can

switch when the maize price is high. Unless the high consumer price reflects

real costs in providing maize from the surplus maize-producing arcas (or

from abroad), Kenya's present maize price policy cannot but have adverse

effects on resource allocation in places like Masii. A high maize price

in years of shortage cencourages farmers to produce the maize they require

for consumption purposes, where it may not be really economic to do so.

It might well bc cheaper to bring maize in from other areas, and encouragec

Masii farmers to grow crops such as cotton, which do much better than

maize in Masii conditions. The present maize price structure does not

appear to reflect the real cost of providing maize from other areas, though.
In order to explore the effect of a different maize price system,

and in order to comparec Masii with other East African arcas where the

price fluctuations for major food crops are not nearly as wide as they

are in Masii, a constant maize price was postulated. This is a somewhat

extreme hypothesis, but it highlights the role of fluctuations in the maize

price. As we show, cotton becomes much more attractive if maize price

fluctuations are rcmoved.

(iii) Cotton with a Constant Price for Maize: if maize is no longer

subject to violent price fluctuations, making it very expensive not to
produce food requirements in low rainfall years, cotton becomes considerably

more attractive for lowland Machakos farms. For the purposes of discussion,
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we assume a maize price constant at the !lMasii 1962/63 level, the national
producer price after deductions, at Masii, with no increase in maize

shortage years. Cotton then becomes more attractive in the average and

low rainfall situations, as shown in diagram 5. (This compares with the
currcnt maize price situation shovm in diagram 1, p. 25.) In low rainfall
years, with the low maizc price, it is only possible to make up to Shs.279/-
with traditional food crops, compared with Shs.450/- before. Returns per
acrc vary from Shs.47/- to Shs.86/- with a constant maize price, instead

of Shs.75/- to Shs.139/- at present. With cotton and a constant maize price,
though, it is possible to make up to Shs.297/- and returns vary from Shs.50/-
to Shs.175/- per acre, a considerable improvement over the traditional food
crop position.

The variability in returns, with cotton and a constant maize
price, is shown in the 3rd section of Table 8 (p.28). The current maize
price system has a stabilising effect on returns, (though not on food
supplies). In general, when the maize price is constant returns vary
more from year to yecar. The variation in constant maize price systems with
cotton is still less than in the present systems with traditional food
crops though.

The food situation is also improved, with maize available-at
Shs .20/- instead of Shs.50/-. An average farm, with just under 3 acres
of land, and 1 unit of labour, can fced more than 3 adult-equivalents
with constant maize prices, by growing cotton, compared with only 2

adult-equivalents in the current maize price situation.
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The cotton acreage in the optimal production patterns,shown in
diagrams 6 and 7, is much the same in the average rainfall situation as
when the current maize price rules, but there is more early planted
cotton. In the low rainfall situation, the cotton acrcage is substantially
increased, with a constant maize price, no longer falling off as the land/
labour ratio rises. Between 3/4 and 1z acres of cotton always appear,
when 1 unit of labour is available

The optimal farming systems are much more stable. too, and do
not depend so much on whether the farmer is concerned with high or low
rainfall returns.

Cotton thus becomes more attractive when food prices do not rise
in drought years, as they do in llasii under the present maize price system.
This helps to explain why cotton is attractive in Uganda and Tanzania, and
in parts of Kenya wherc maize is not the only staple food, but unattractive

in Masii at present.

Katumani Maize
In this section we discuss the potential role of Katumani maize,
which yields much better than local maize in drought years. As already
mentioned, we have assumed a low rainfall yield that has not quite been
achieved yet, but there is every likelihood that it will be possible to
get Katumani maize yiclds of the order assumed, in field conditions in
the near future. This section can be interpreted as referring to the

potential role of Katumani maize, once this position is reached.
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(i) Katumani maize with the currcnt maize price. When Katumani maize

yielding 23 bags even in lov rainfall years is considered it dominates
cotton and local maize in systems tunat give the highest returns in
average and low rainfall years, though not of course systems that are optimal
for high rainfall years. when local maize still gives somewhat higher
yields. The returns from growing Katumani maize in average and low rainfall
years are actually higher than those in the high rainfall years, because
of the very high maize shortage price, and they arc cousiderably higher
than the returns from traditional food crops alone. This is shown in
diagram 8. However, it is not returns so much as the food position that
is important, and we come back to this below.

The variations in returns arc shown irn Table 9. Here there is
a striking difference when Katumani maize is introduced, as well, returns
varying much less from ycar to year than when traditional food crops alonc
are grown. This is due to the rclative stability of maize returns, even
with Katumani maize, and the dominance of maize in the Katumani maize
farm systems.

The patterns of production that are optimal for average and low
rainfall years, with Katumani maizec, are shown in diagrams 9 and 10.
Diagrams 11, 12 and 13 show the traditional food crop systems for
comparison. Maize almost completely dominates the farming systems that
are optimal for average and low rainfall years, when Katumani maize is
introduced. When local maize alone is grown, there is a good deal of
beans and peas in the mixtures as well. With Katumani maize, people

would sell surplus maize in exchange for other foods in their diet.
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TASLc 9. Variations in Returns

Returns/Labour Unit, Returns/Labour Jnit,
6 acres land. (sh.) 0-6 acres
High Low
Rainfall Rainfall % Variation
Traditional Food Crops
(current maize price)
Low rain optima 620 450 40-70
Average rain optima 830 380 70-140
High rain optima 900 380 70-150
Traditional Foods and
Katumani liaizc:
(current maize price)
Low rain optima 780 1220 20-40
Average rain optima 850 1180 20-30

High rain optima 900 330 70



10, LOW RAINFALL OPTIMAL LAND UWSE PATTERWN

DIAGRAM
AS  RATIOS OF LAND TO LABOUR INCREASE

AVERAGE RAINFALL OPTIMAL LAND WKE PATTERNS

9
As RATIOS OF LAND TO LABOUR INCREASE
TRADITIONAL FOODS WITH KAT“MAN‘ MAIZE TRADITIONAL FOOb< WITH KAT“MAN' MAIZE
ACRES.
6
* % MAIZE [mRe,
°5°% | MAIZE[BEANS
54 [F.| waz MAIZE [rEAS
MAIZE
4 ~
LAND 9 LAND
UsE USE.
— MEDILUM WEED
MEDIUM WEED
o ¥ o— H SEPT.
2
—= MEDIUM PLAN'[‘ — MEDIUM PLANT.
{— EARLY WEED EARLY WEED.
S,
EARLY PLANT EARLY PLANT

ACRES PER  UNIT OF LABOUR PER  UNIT OF LABOUR



DIAGRAM 11T HIGH RAINFALL OPTIMAL LAND ISE PATTERNS
PSS  RATIOS OF LAND 1D LABOUR




DIAGRAM 12  AVERAGE RAINFALL OPTIMAL LAND USE PATTERNS
RATIOE OF LAND TO LABOUR INCREASE
TRADITIONAL FOOD CROP SYLTEMS

ACRES

A

Maize /PEAS

MAIZE

MAIZE/BEANS

MAIZE [BEANS|PLAS A JAN[res

H FEB

-MEDIUM
WEED

H SEPT ¢+

MEDILUM
PLANTY

EARLY
—————— WEED

EARLY
+ + + PLANT

2 3 4 5 6
ACRES PER UNIT OF LABOUR




DIAGRAM 13

@ LOwW RAINFALL OPTIMAL LAND USE PATTERNS
As

RATIOS OF LAND 7o LABOUR
TRADITIONAL FOOD cRoP sYSTEMS

]
MEH

ACRES
6 .
s MAIZE/BEANS
MAIZ.E
4
LAND
USE
3 o
2 - _
1 o

EMH

INCREASE

H SEPT

MEDIUM
PLANT

EARLY
WEED

EARLY
PLANT

3

4

5

6

ACRES PER UNIT OF LABOUR



- 53

The most important criterion is not so much recturns but the
overall food position, and it is here that Katumani maize represents a
distinct Aimprovcment over local crops in the average and low rainfall
years. This is shown in diagram 14. The number of adult-equivalents
fed per unit of labour at the different acreages is far higher in high
rainfall years than at any other time. But in low rainfall and cven in
average rainfall years, there is a very marked improvement when Katumani
maize is grown. The improvement is particularly marked in low rainfall
years, of course. Katumani maize makes it possible to feed many more
than the average number of consumption units on the average family farm.
With traditional food crops with or without cotton, it is not possible to
feed the average family, unless a constant maize price is assumed. On
farms with more dependents in relation to their resources than the
average, and therc are many such farms, it is only with Katumani maize

that the food supply can be adequate in low rainfall years.

(ii) Katumani maize with a constant maize price: we reconsider the maize

price system in relation to Katumani maize because if Katumani maize can
do as well as is assumed here it is likely to become extremely popular in
Masii, eventually becoming a surplus crop even in low rainfall years. Vhen
this happens, not only in Masii but in the lowland Machakos areas as a
whole, the maize price will be more or less constant from year to year,
always based on the national producer price.

With a constant maize price, it is no longer possible for Masii
farmers to grow maize surplus to their requircments and cxploit the

high price ¢xchanging for other foods whose price is relatively low.
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Katumani looses its overwhelming attraction then. With constant

maize prices, Katumani maize cannot compete with cotton, even in the

low rainfall years. Cotton becomes attractive again, in combination with
Katumani maize and other food crops. as before, but Katumani maize plays
a relatively minor role.

Thus, if maize price fluctuations werc eliminated in Masii,
cotton could become an attractive crop. with good prospects for widespread
adoption in the area. The natural development would then be towards
systems in which cotton, traditional foods, and Katumani maize, were
all grown.

To summarise:

1) Cotton is not much of an improvement over traditional food crops

grown at present, especially in the low rainfall yecars, given the high
maize shortage price. When Katumani maize is considered, cotton cannot
compete at all.

2) If a constant maize price can be assumed, cotton becomes much more
attractive in all rainfall conditions. Lven Katumani maize cannot compete,
although some can be grown as a subsidiary crop with cotton.

3) The analysis of cotton has assumed the 1963 price. If the cotton

price falls much below that, the prospects quickly deteriorate again, and
cotton does not appear to have much of a futurc in Masii.

We now leave the question of crop patterns and resource

allocation in Masii, and look at the resource constraints themselves.
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VII. Development Policies in Lowland HMachakos

The major aim of the study was to isolate the constraints
development in lowland lMachakos at present. he resource allocation
aspects, discussed above, were incidental to this. The pressure of
population is obviously one important constraint, but with unemployment
problems in the economy .as a whole this is likely if anything to increase.
The emphasis was on limits which can be altered, in particular the quality of
land and labour, and managerial skills. Capital was found to be relatively
unimportant as a limit at present. The results of the investigation of
constraints suggest that the impact of research and extension services
can be very substantial still, but that the provision of credit is unlikely
to be much help in Masii farm development at present.

We start by discussing the role of capital and we show why capital
was rejected as a limit at an early stage. We then discuss the values of
labour and land constraints. And finally we take up the quality of labour
and land, and the whole question of managerial skills, which appear to be

much more crucial than had been anticipated, in Masii.

(i) The Role of Capital in Masii: It is important to distinguish between

fixed and working capital, in Masii. Masii farming is subject to violent
fluctuations in yields and incomes, years of relative prosperity alternating
with years of severe famine. Working capital is not generally a problem,

but it can become a major constraint after famine. Good seasons following
bad droughts are seldom exploited to the full in Masii because there are

seed shortages, and also because both oxen and the family labour force are
weak after prolonged months on famine rations. There can also be difficulties

in obtaining insecticides.
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It is difficult to advocatc a simplc remedy for the poor
physical condition of the labour force, in the scasons after famine, as
any rcal improvement would involve an extromely costly feeding programmc
to which thore would be many objections, not only on financial grounds.
Equally, there is little that can be donc about oxen, although the provision
of water and possibly even fodder supplies would help to rget .them into
reasonable condition at the beginnineg of tue rains. This might pay cven
in a normal year. Wherce something can ccertainly be done is in the preserva-
tion of district seed supplies. Sced supplics usually get usced up before
the arrival of famine relief which is only given when local food supplies
are exhausted, and imported varieties of maizc then get planted in the
following season instcad of the local varieties which are now fairly well
suited to Machakos conditions. It is important mot to loose the local
stock of seed. It should be relatively easy to maintain it on a district
basis and then perhaps even provide free sceds at the planting scason
after a bad famine year.

Thare may also be a case for the provision of credit for
insecticides after a famine, particularly with the introduction of cotton,
but the cash outlay these involve is small, and the local credit system
should bc adequate for these, even after a severe famine.

Fixed capital can be scparated into capital that consists of
labour and free local materials alone, and capital that involves cash
expenditures. Stores, fencing, and soil conservation works are the most

important items consisting entirely of labour and local materials, and

14. Tences are all of local thorn.
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nearly all of these can be provided at times when lebour is generally slack
on the farms, i.c. at nc real cost. There is some problem with soil
conscrvation works, becausc these are most casily constructed and mcintained
when the soil is soft and oxen can be fed and before the crops are in the
ground at the beginning of the planting scason; the planting of grass on
terrace cdges also conflicts with important ploughing and planting work.

But in general none of thesc is an insuperable constraint on the develop-
ment of Masii farms.

Fixed capital that invelves cash outlays is more of a problem,
but the only important itcems are oxen and ploughs, and more recently cotton
spraying and dusting pumps. There are very few additional capital items
which can justify themsclves in Masii farming at present. Most people
own oxen and ploughs, either within the homestead or jointly with close
rclatives who live nearby. But there is a sizeable minority without, and
thesc people rely on borrowing or hiring, usually possible only later in
the planting scason. There arc rczl costs involved in having to wait until
other pcople's oxen and ploughs are available, as Masii crop yields suffer
badly from planting delays.

Cotton spraying and dusting pumps, morc recent capital needs,
were shared in 1962/63 among groups of growers organised by agricultural
extension officials. As cotton spreads, it is possible that there will be
difficulty in obtaining cnough pumps, but as is argued below, this seems
unlikely.

In ¥asii, then, capital nceds are few. It is difficult to
think of additional items of capital that might be profitable. The experience

of the Government loans schemes, in operaticn since 1948 on a2 small scale,



confirms this. Lowland Machakos farmers who received credit from the
Govapnnent have menerally found that it has not been profitable. The
same is true of individuals whc have invested their own funds on their
farms.ls People can always point to unsuccessful investments on farms in
Masii, they can seldom give examples of investments other than in oxen
and ploughs that have proved themselves in any sense. There does seem to
be a shortage of profitable investment outlets in farming in Masii.

Where people were without even oxen and ploughs it was usually
found that there were other serious bottlenecks operating. These tended to
be people who could not justify investment at all. Their lack of managerial
abilities and their unwillingness to work were the major obstacles to the
development of their farms.

There is already something of a private credit system in Masii,
and there is evidence of the existence of capital funds which might be
put to good use if outlets were available. Traders frequently lend to
farmers for non-productive purposes. Loans are always available in emerge-
ncies, for sudden sickness or sudden litigation claims. They are also
available for cattle trading and sometimes for general trading as well.
Traders seem quite prepared to discuss alternative uses for their capital
reserves, but they all agree that it is unwise to lend for farming, both
from their own and from the farmer's point of view, because it is too risky
and unprofitable to be worth while. It is also generally true that farmers
to whom it is worth lending can muster enough capital of their own, when

necessary, as for the purchase of oxen and ploughs. These arc seldom

15. During fieldwork, the author visited many farmers who had received
Government loans, although none were specifically included as case
studies. The common story was of expenditurec on ox-drawn implements
which had quickly fallen into disuse, but for which loan repayments con-
tinued for many years. Individuals using their own funds could choose
their investment outlets freely, but most of these also turned out to be
unprofitable in the end.
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bought with borrowed funds. Farmers themselves have capital reserves if
only in the form of local Zebu cattle, which serve as savings banks for
many people in Masii. The very fact that such large numbers of Zebu
cattle are still kept, although they bring in very low capital returns,
suggests a lack of alternatives that are profitable on farms in Masii.
The availability of funds is amply demonstrated by the interest
shown in the Lukenya ranching scheme in which Masii people bought shares,
by the growth of a thriving bus company started in 1983 with 6 buses on
the road by 1965, and by the relatively large sums that are collected for
such things as schools, dams, and dispensaries. It does not appear to
be difficult to mobilise funds if the cause is considered worth while.
This study was originally formulated as a study of credit,
assuming that this was a major constraint on development in peasant farming
in places like Masii. But, for the kind of reasons given above, it was
soon decided that credit was not a major constraint after all, and that
others were much more important. The emphasis of the study was therefore
changed to an investigation of production constraints in general, and

credit was discarded from these.

(ii) The value of labour and land: Apart from capital, which we. have

rcjected as a possible limit on development at present, the important
factors of production arc labour and land. In this section we discuss
the values of labour and land at the modal management level, ignoring
differences in quality. In the next section we discuss quality differences

and the management variable.



The linear programming analysis shows the scarcity values of
labour and land in tne different production systems. The programme
solutions show how much an additional unit of labour or land would
contribute to returns at any land/labour ratio. This obviously varies
with land/labour ratios. If land is scarce rclative to labour, the value
attached to it is high- an additional unit of land can contribute sub-
stantialliy given the amount of labour available. If land is plentiful,
its scarcity value is low, because it is labour that is the main constraint.

The scarcity values per acre of land are shown in diagram 15 for
traditional food crop systems, in high rainfallsaverage rainfall and low
rainfall conditions. At high land/labour ratios, the values vary consider-
ably, depending on the rainfall conditions. They also vary considerably
depencding on whether cotton is included or not, being substantially higher
in systems with cotton. But as land gets less $2arci in relation to labour,
therc is less difference between the different years, and the different
cropping systems. With traditional food crops alonc, land is worth anything
from Shs.300/- to Shs.60/- per acre in high rainfall years, and from Shs.150/-
to Shs.70/- in low rainfall years, depcnding on the amount of labour
available. When cotton is introduced, the valuec is increased to Shs.500/-
in high rainfall years when plenty of labour is available, but it falls
quickly as labour becomes scarce.

These scarcity values can be compared with the value of land
in alternative uses. As the sale of land in lowland Machakos is rare, and
only occasional renting or hiring of land takes place, there is little to

be gained from a comparison between scarcity values and market values.
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But what is interesting is a comparison between land in crops and land in
livestock., as some farmers still keep livestock on arable land in Masii.
It is not easy to estimatc returns to livestock, but rough estimates

from field data suggested a maximum of Shs.60/- per acre of arable land
at the very most in years when rainfall is high. This does not make it
worth keeping livestock on arable land in Hasii, cxcept at land/labour
ratios considerably higher than those found, and while livestock do
sometimes compete with crops. they arc much more often kept on poorer
land that is not fit for cropping at all.

The comparison takes livestock as they arce at present, and it
is possible that improved livestock could give higher per acre returns.
It is also possible that livestock could make a positive contribution
in a rotational cropping system including fallow brecaks on arable land.
But until these are realistic alternatives, livestock cannot compete
with crops on Masii arable land.

Returns to labour that is on the farm all the year round have
already been discussed in the comparison between traditional food crops,
cotton and Katumani maize. These returns were shown in diagram 1 (p. 25)
for traditional food crops and cotton, and in diagram 8 (p. 46) for
Katumani maize. With traditional food crops and average managerial skills
a man can get Shs.400/-, Shs.700/- or Shs.900/- a ycar, depending on
rainfall conditions, with the highest acreages of arable land. This is
equivalent to Shs.33/-, Shs.59/- and Shs.75/- a month, including the value
of all food. The figures can be compared with wages of Shs.50/- and
Shs.70/- in Masii, for the few unskilled jobs that are available, and

anything from Shs.120/- in Kenya's urban arcas. The people with better



managerial abilities can make somewhat more, but they can also command
a higher wage, while the poorer managers might find it difficult to get
a job at all.

The figures show how unattractive farming is in HMasii, and
this is born out by the fact hat about 67% of Masii's adult males are
absent at any time.la For thos. who remain. and especially for tne
women , who make up the majority of farmers in HMasii, the alternative
opportunities arc few. It is extremely didficult for a peasant woman to
get cmployment in the Kenya economy elsewhere.

It is important also to consider the seasonal pattern of labour
values on the farm. There are times of the year at which labour is
relatively valuable and contributes substantially to returns, there are
other times when therc is little work, and additional labour cannot
contribute at all. As we have already secn in discussing data that are
important for the analysis, the critical labour constraints are at planting,
weeding and harvesting time. These have been subdivided into two planting
constraints (and a third planting period that is unlimited), two weeding
constraints (and a third weeding period that is unlimited), and three
harvesting constraints. Just as scarcity velues of land are shown in the
linear programming results, so are the scarcity values of these different
labour constraints. They also vary with land/labour ratios, but unlike
land they interact with cach other to give fluctuating values as shown

in diagram 16.

16. Kenya Government, Population Census 1962, op.cit.
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The scarcity values of labour can be compared with casual labour
hiring rates, and returns to labour in alternative rural occupations at
different times of the year. The values of planting resources have to
be trcated with care, though, because thesc also include the value of
oxen and plough in the ploughing team.

The casual labour rate is about Shs.4/- per day at peak seasons
in Masii, and this can be used as a basis for comparison. At first sight
it would appear to be worth hiring casual labour for weeding at this rate,
and for harvesting in September on farms on which labour is scarce. But
this is only for a high rainfall year. In considering whether it is worth
hiring labour or not, the average and low rainfall years must also be taken
into account, as the outcome of any particular year cannot be foreseen.
When this is done it no longer appears attractive to hire any casual
labour at all.

A ploughing team can be hired with 2 adults working it, for
Shs.20/~ a day. This is Shs.10/- a day for one adult, the unit of measure-
ment used in the diagram here. Again it appears worth hiring in a high
rainfall year, but when average and low rainfall returns arc also taken into
account, it is only marginally worth while.

The only part-time rural occupation which competes favourably
with work on the farm even at peak seasons is beer-brewing. Crafts that
require unusuil skills,such as building, can also compete, but not the
occupations open to everyone, occupations such as petty trading and wood-

work in Masii.



Labour ‘'shortages™ at particular times of the year govern
production possibilities on the farms, but there is no real shortage of
labour at an econcmic rate of return. Production patterns are determined
by factors such as that there is not enough harvesting labour to harvest
more than a certain quantity of maize, there are not enough ploughing
resources to plant more than a certain acrecage early after the rain_ and
there is not enough weeding labour to weed all crops intensively. In
this sense there are shortages of labour at different times of the year,
and everyone in the farm familyl7 is busy and overworked at some seasons
trying to keep up with the demands of the work on the farm. But the
returns to labour are so low that it is not worth hiring additional labour
that is unemployed and available in Masii, and in this sense there is no
shortage of labour on the farms. The problem is rather one of finding

more remunerative occupations for labour that is already around.

(iii) The quality of labour and land, managerial skills: Management in

the sense in which it has been used here is a residual variable, as already
explained, but it is assumed to consist mainly of managerial factors linked
with the quality of labour and land. The different management levels
postulated in the analysis rcpresent different outputs per unit of inputs
of labour and land. The way in which the differcnt managerial levels
affect total returns is shown in diagram 17 for traditional food crop

systems in high rainfall conditions. The diagram shows an extremely wide

17. Most farm family members arc prepared to work at these very low returns,
their interest being to maximise total family returns all the time.
Some growing children and young adults opt out, though, and it is these
who make up the unemployed in Masii. They are not prepared to parti-
cipate as members of the farm family labour force, nor can they be hired,
given the very low labour recturns.
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range of returns attainable at different management levels, the best
managers being able to make 3-4 times as much as the worst with any
given level of labour and land resources.18

Thus the quantity of labour, measured in man-hours at different
times of the year, and the quantity of land, measured in acres, cannot
explain nore than a part of the variation in returns. Other factors,
which we have called management, also enter in. Ye¢ now discuss the
coatent of the management variable.

Per acre yields vary partly because soil fertility varies.
There may be an element of natural soil fertility which is specific to
the land the farmer cgltivates, and which is partly the result of the
length of time for which the land has been under cultivation. The farmer
can do little about this. But soil fertility is also influenced by the
quality' of soil conservation works, the quantity of manure applied, (no
fertilisers arc used in Masii), and the crop mixtures or rotations that
are grown. Soil conservation is probably the most important of these
factors in Masii, and the quality of soil conservation works varies
considerably from farm to farm. llanure also explains soil fertility
differences, but it is only used in patches on the nearer plots on each
farm. There are no crop rotations, but the de facto sequence of crops,
crop mixture proportions, and plant populations all have an influence on
the fertility of the soil. Thus soil fertility .is only partly connected
with managerial levels, but through soil conservation works, and to a

lesser extent the use of manure and crop scquences, good managers do

18. It is interesting to note that a Rhodesian study shows a very similar
result. B.F. Massell and R.W.!M. Johnson, African Agriculture in
Rhodesia, An Econometric Study, The RAND Corporation, Report R-4u43-RC,
June 1966, found that good managers makec about 4 times as much as poor.
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have an influence on the fertility of their soil.

Labour efficiency has not been taken into account in the
analysis, except through the management variable. There are several
aspects of labour efficiency. The intensity of work. the sheer effort
put in, per hour or per day, varies considerably in the ficld. But this
is not a very useful observation. Morec interesting are differences in
labour cfficiency resulting from the kind of tools, techniques and work
methods used. Most Masii farmers usc¢ basically the same tools, and while
there are variations in the condition of the pangas and jembes these are
seldom seripus enough to make for major differences in efficiency. Ploughs
are nearly all of the same model, and although the plough shares are not
always sharp and well-aligned here again variations appear relatively minor
in their prcsent impact on output on the farms. The efficiency of the
ploughing team is much more seriously affected by the age, general
condition and training of oxen, all of which vary considerably between
farms.

Techniques of production and work methods could also be
significant influences in the management variable. Techniques include
practices such as row planting, which makes weeding with a plough possible,
and which is said to make most operations casier. land preparation, which
influences the weed growth that follows and hence the efficiency of
weeding as well as ploughing. and other factors such as these. As for
work methods, anyone who has watched completely unskilled labourers
working will be aware of the kind of variations that can occur. In Masii,
there was a good example in cotton harvesting. Cotton was usually picked

by several people workineg together, with a cardboard box for each quality
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of cotton in the centre of the plot, to which ecach picker had to walk
every time his hands were full. The difference between working like

this ané working with individual containers which can be carried along,
is obvicusly cnormous. SIinilar-enamples for other agricultural operations
could undoubtadly be found.

Factors not directly essociated with cither labour or land
could also help to explain management differences. Thase include the
variety and quality of secd used, the density of plant populations, the
proportions of the different crops in the mixtures, the efficiency of
pest control through rotations as well as insecticides, and the efficiency
of storage provisions.

It is difficult to assess the relative importance of all of
these different factors, and it is for this reason that they have been
included in the residual management variable in the model. The most
important factors contributing to management differcnces observed are
probably soil conservation, natural soil fertility, the condition and
training of ozen, techniques of production, work methods used, and the
quality of seed. Tacters which are at present unimportant, but which
could have a substantial impact include tools and implements, and crop
rotations. The use of a dutch hoe rather than a traditional jembe, and
the use of a better designed plough cconomising on oxen effort, could
change the whole pattern of labour shortages and thus of farming in Masii.
The use of properly devised crop rotations could also have an important
influence, particularly in the longer run.

Taken together, the factors mentioned make for very wide

differences in efficiency at present, and potentially even wider
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differences in future as innovations are usually taken up by good and
not poor managers first. Hany of the factors discussed are open to

Government influence through the research and extension services.

(iv) Policy Implications: The most substantial impact Government has

on agricultural production in Masii is through the research and extension
services. This study suggests that a continued rcliance on these services
as the major stimulants to the development of agriculture in areas like
Masii is right, but Lhat there is a necd for radical change within the
two services if they are tc have the greatest impact.

The major emphasis in research applicable to lowland Machakos
in the past has been on the development of new varieties of seed,
particularly maize and sorghum, rather than on husbandry methods, live-
stock, soil fertility, and the development of tools and implements
suitable for use on peasant farms.lg The lack of a clear policy with
respect to the maintenance of soil fertility, rather than the conservation
of the soil, is a scrious limit on development at present. The past
emphasis on soil conservation has resulted in tremendous progress, but
there is now an urgent nced for a policy on the maintenance of the
fertility of the soil that is conscrved. There are many key questions
that neced to bz answered. Given the possibility of yields being decreased
by the use of manure and fertilisers in low rainfall years, what is the
best long run policy with respect to thesc? Although it may not cven be
worth using fertilisers in the short run, what are the long run consequences

of avoiding their use? What else can be done, through the use of crop

19. [Cxperimental work on hand, ox-drawn, single axle tractor and double
axle tractor implements was started at Katumani in 1965. It is to
be hoped that this work will be continued on a larger scale.
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~~taticns for example, to prevent the deterioration of the soil? What
role could livestock play, and what livestock breeds arc really best in
Masii conditions?

Tools and implcments of groatly improved design are now being
used in Asia and clsewhere on peasant farms, and while it is not always
casy to transfer these for use in different conditions withcut adapting
them, it should be possible to develop similar improved implements for
East African farms. There has been little work on small tcols and
implements in East Africa as yet,20 but simplc innovations could be
revolutionary through the reduction of ploughing or weeding bottlenecks,
for example, in Masii. What has been lacking until recently has been a
willingness to acknowledze that therc are labour problems on peasant
farms. Once this is accepted, an interest in tools, small implements,
and labour productivity follows naturally.

A related arca for investigation is that of the costs and
returns to oxen as opposcd to small mechanical cultivators or tractors,
given the increasing shortage of land. An analysis of the costs of oxen
and ox-drawn implements compared with the costs of tractors or mechanical
cultivators would be the first stage of such an investigation, and the
costs could be compared on a per acrc basis. This could be followed by
a2 more sophisicated analysis of returns. Both time factors and questions
reclating to the maximum or minimum economic size of farms would have to

be included herc. Oxen can be mére cxpensive than tractors where there

20. Some work -on small implements has been donc in Uganda at Sercre
Besearch Station, and in Tanzania at Tengeru. Until very recently
Kenya has been lagging behind in this field.



- 4 -

21
is a land shortage, as work in Ugenda has shown.

Finally, there is a need for rescarch into the merits of
different crop mixtures, and plant populations, on peasant farms, and
into crop husbandry problems which arc important too. There has been
little research into the effects of planting delays on different crops.
Even less has been done on alternative weeding strategies and the effects
of delays at weeding time. These are crucial issues for peasant farmers
in places like Masii.

It has been suggested that one of the main problems with East
African agricultural resecarch programmes is the lack of economic direction.
Possible remedies include the requirement that agriculturalists engage
in planning and directing resecarch should have some economics training in
addition to their agriculturc, perhaps a diploma year, or alternatively
that one or two agricultural cconomists should be actively engaged in the
formulation of research programmes. One or two agricultural cconomists
could be attached to head office but spend most of their time at the
research stations in the field, taking part in the planning of detailed
programmes. There is certainly a need to adapt the rescarch programme
more closely to the economic requirements of small farms. This could be a
way of achieving this. Another stimulus could come from the farmers them-

selves, as is suggested in our discussion of extension services.

2l. See ed. J. L. Joy, Symposium on idechanical Cultivation in Uganda,
1960, for a discussion of this point.

22. D.G.R. Belshaw and M. Hall, The Analysis and Use of Agricultural
Experimental Data, Paper read to the 2nd Conference of East African
Agricultural Economists, llairobi, January 1965  and D.G.R. Belshaw,
Planning for the Grass-Roots. ELxtension, Education and Research,

Paper read to the 3rd Conference of East African Agricultural Economists,

Dar es Salaam, April 1967.



The extension services can obviously excrt a major influence
on management factors, but unless they are reorganised and their basic
approach is changed, they will continue to absorb resources out of all
proportion to their impact. There is evidence of a seriocus Government
interest in the problems and pctentialities of the agricultural extension
services in Kenya now, whach is encouragmg.23 It scems to bec accepted
that the old system in which angricultural instructors were employcd
as messcngers, for the execution of simple technical jobs such as the
measuring of plots and laying out of soil conservation works, and the
transmission of very stereo-typed agricultural advice, is inappropriate,
and it may not be long before we have a rcasonably well-equipped
agricultural adviscr working with farmers at the lowest level. All
agricultural instructors are now being given some agricultural training,
an elementary pre-regquisite that was missing before. There are proposals
to upgrade the instructors at the lowest level to school certificate
grades with 2 ycars of agricultural training as well. School certificate
people may not be ideal as agricultural instructors living and working
with farmers in the field. They will have to be very carefully selected
if they are to get the necessary rapport with the farmers who need their
advice. But in general the change to a better qualified field cxtension
worker is encouraging and necessary.

The disadvantages of the old structure were very apparent in

Masii in 1962/863. Thc agricultural instructors used to spend a good deal

23. Sece linistry of Agriculture Agricultural Extcnsion Seminar July 1966
University College Confercnce on Education, Employment and Rural
Development in September 1966, Agricultural Education Commission due
to report mid 1967; and discussions at the 3rd Conference of East
African Agricultural Economists, Dar es Salaam, April 1967.
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of time in the local market, liaising with other Government officials,
and communicating with farmers whem they could always find there on
market days. Some of this was important, but a lot of each day
inevitably went sitting in hotels and drinking tea. On the remaining
2 or 3 days in the week, the instructors would visit the best farmers
who had long been ccopcrating with the Government, and who knew quite
a lot about agriculture themselves. The instructors brought messages,
drank tea, and occasionally even helped out with urgent work on the farm.
But there was little they could teach this farming group. Where they
could perhaps have brought something new, on the mor: backward farms,
they werc unwelcome and unknown.24
A problem that goes much deeper in the Xenya agricultural
extension services, though, is the whole problem of approach. The old
approach involved giving instructions rather than advice, and it was
rare for extension officials to listen to the farmers' point of view.
In the words of Belshaw and Hall:
“the truly advisory attitudc, which consists essentially
of getting alongside, listening to and learning from farmers,
has yet to replace the traditional mixture of exhortation,
instruction and coercion."™ Belshaw and Hall, op. cit.
It is more difficult to advise and discuss than to give instructions, of
coursc. A more flexible approach needs a higher calibre official. But
as thesc Lecome available, it is important that they be trained to advise
and teach and not to order the farmers around. The whole ethos of the
extension services badly nceds to be changaed so that farmers come to regard
extension officials as sympathetic and useful advisors rather than as

messengers from the agricultural department to be politely tolerated.

24. A very similar situation was found in Kericho in the field. when the
author also spent some time.
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Thore are many advantages in the advisory approach, not least
of which is in the feed-back it cnables from farmers to research and
extension services. In Dast Africa, farmers tend to be poorly organisced
as a group, and they exert little pressure on cxtension and research.

By making their needs and problems felt, throush the extension

officials, they .oculd bring about weclcome changes in the whole research
programme. In countries like Britain and the United States, it 1s farmers
as much as anyone elsc who bring problems to the attention of the rescarch
services and who irc responsible for the initiation of much of the most
useful rescarch. This is not so in East Africa, but much could be gained
by making it a featurc of the East African sccne.

Extension advice in lowland Machakos in the past has consisted
of exhortations to plant early, to plant in straipht rows, to weed more,
to weced with oxen and ploughs as well as by hand, to make and use manurc,
to use good seed, to plant pure stands, to construct and maintain soil
conservation works, and to reduce the numbers of cattlc. Some of this
advice ' is undoubtedly sound, and much has been widely accepted as such.
Among the points adopted are the preparation and use of manure, and
weeding with oxen and ploughs. Soil conservation works have been
constructed, more through force than persuasion though, as one might
expect. It is difficult to gct peasant farmers to recognise the value of
such long-term improvements as these. Advice that has never succeeded is
that on dry planting before the rains, and on planting in pure stands.

It might be useful to extension officials to examine and communicate
the reasons for failurc here, and to listen to farmers' objections to
Planting before the rains. Therc are many practical reasons for- which

this particular advice may be wrong for farmers in Masii. Extension
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workers could listen to objections and then either devise ways of over-
coming the problems that arise, or modify their advice accordingly.

A flexible approach in extension, at the individual farmer
level, is likely to be more cffective and more popular all round. If
the better qualified extension personnel are to have the maximum impact,
it is important to examinec the content of their training programme as
well as its level. Extcnsion workers need to be trained in methods of
teaching and advising as well as in basic agriculture, here. They could
benefit from simple teaching aids to support them as well.

The potential impact of other educational services, both in
promoting a more enlightened attitude among farmers, and in transmitting
agricultural advice, should not be underestimated, either. All possible
channels should be exploited and coordinated, in particular channels
of communication such as the radio, adult literacy, community development,
health, nutritional and educational services that extend to the rural
arcas anyway. The formal education system can probably also be used,
although it is clear that somec new thinking about the best way of doing
this is needed. Tarm work in schools has becn notoriously unsuccessful
in producing the desired results up to now, both in East Africa and in
other parts of the continent.

To summarise this section: the key role of management cannot
be over-emphasised. Many of the factors involved are subject to Govern-
ment influence through cxtension services and research. The traditional
emphasis on these two should not be abandoned in favour of what sound
more radical and more attractive development schemes. There is a need

for radical change, but this should be within the extension and research
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services, rather than in services that are totally new. It is by

adapting the traditional weapons of agricultural change that real

progress can be made. Hore funds are always needed for expanded

research and extension programmes, but these can be much more effectively
used if coupled with some fundamental change. Extension services cannot
do the job alone. they nead more research results on which to base advice.
But neither is therc a lot to be gained from rcorienting the programme of

research unless this can be effectively implemented in the field.

The Analysis of Small-Farm Precduction Data

We end with a brief note un Kenya Government analysis of small-
farm production data. The Government alrcady collects substantial
quantities of data on production on smallholdings, through the Farm
Economics Survey Unit. These data arc detailed and some of the recent
studies have been quite comprehensive. But the analysis that is done is
fragmentary and does not exploit the data to the full. Farm prcduction
data can be used to throw light on production constraints, to test the
feasibility of production plans, to find farm systems that make the best
use of resources, and to compare cnterpriscs that compete. In some of
Kenya's high potential areas therc is a critical problem of choice between
many and varied crop and livestock enterprises, and it would be extremely
useful to know more about the rclative advantages of these enterprises in
different farming situations. In nearly all arcas there are important
questions of resource use. It would be uscful to know how to improve the
use of resources that exist. It would also be helpful to know which

are the key bottlenecks so that attention can be concentrated on these.
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Production data of the kind that are already collected by the Farm
Economics Survey Unit could be used to answer all kinds of questions
about Kenya's small-scale farming areas. The Unit should be able to
contribute much more to important policy decisions than it does with
the rather summary analysis that it does at present.

There arc various methods of analysis that are possible. At
the very simplest level, there is gross margin analysis that compares
enterprises and shows which give the highest overall returns. Somewhat
more sophisticated is budgeting in which costs and returns are compared
in different possible farm systems, postulated on intuitive grounds.
Partial budgeting is usceful in comparing small changes, such as
different levels of fertiliser use. Linear programming, which employs
essentially the same procedures as budgeting, is far superior, though.
It uses esscntially the same data as budgeting, but exploits the data

much more systematically. It not only compares farm systems chosen on a

priori grounds, but it compiles farm systems that are attractive from
among a range of possible entcrprises. It can compare a much wider range
of possibilities. Not lecast among its advantages, is the fact that it
makes possible a thorough analysis of resource constraints. Linear
programming can be used to analysc many different problems and many
different situations, as we have shown.

It would be quite possible to use linear programming to analyse
Government small-farm production studies. Much of the work involved can
be routinised, saving the time of a senior agricultural cecccnomist. It is
advisable for a scnior cconomist to be involved in planning data collection

with a view to linear programming. Possible constraints can be identified
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sc that information on resources that will not be limiting is not
collected needlessly. The breakdown of enterpriscs into activities
should also be decided at an early stage. to sce how much detail is
necessary in data collection. Pilot surveys may be needed to make
these initial decisions, specially in arcas where very little is
¥nown about the farming pattecrns.

Data collection can go ahead in the usual way. Input-output
data should be ccllected from case-study farms chosen to cover as wide
a range of enterpriscs as possible, including the atypical as well as
the typical. data on rcsource availability and environmental conditions
should be collected on a sample survey basis, so that generalisations
can later be made. The input-output data collected from a few well-
chosen case study farms can reasonably be expected to apply to all. It
is only the range of different farming situations and different resource
combinations that is nceded on an arca or district basis.

When the data have been collccted, a list of observations on
cach input cocfficient in each enterprisc or activity is required,
together with the outputs that have been obtained. Some averaging or
other process of choice from the frequency distributions must then be
undertaken. In associating inputs with outputs it is necessary to draw
on evidence from ¢xperimental stations, and to use a certain amount of
good judgement as well. Here a senior ecconomist would have to put in
more tipe.

The actual formulation of the programmes, the precise ranges
of choice to be compared, the different farm situations to be covered,

the extent of different resource combinations, ctc. again needs the
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attention of a senior economist, but once the overall decisions have
been made the individual coefficients can be filled in at the clerical
level. The computer processing unit can run the programmes, and results
can be extracted from computer sheets by clerical staff. It is only

in the interpretation of results that the senior economist should again
be involved.

It appears from the published reports that some of the data
alrecady collected by the Farm Economics Survey Unit may be suitable for
linear programming analysis. It might be possible to analyse some of
the Nyeri data25 in this way, for example. But in future Farm Economics
Survey Unit work, it would certainly be worth considering the analysis
at the initial planning stage, so that data can be collected in a suitable
form, and provision can be made for the analytical work. At present all
that is published is a set of averages giving such things as total costs
and returns, and a rudimentary breakdown between major enterprises.

This kind of information can be optained at relatively little cost if it
is all that is required. But given the much more extensive data
available, it would be valuable to have an analysis planned to answer
far more questions of concern at the policy level, an analysis of the
kind made possible with the use of linear propgramming. This should not

be difficult to organise within Kenya Government.

Judith Heyer

April 1967

25. Published in F.E.S.U. rcports 21 and 24.



